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TECHNICAL MEMORANDUM NO. 1 
 
 
DATE: October 19, 2005 Project No.:   423-02-03-01 
 
TO: Don Ridenhour, Project Manager CC:    WATRTAC Members 
 
FROM: Gerry Nakano, Project Manager 
 Elizabeth Teien, Project Engineer 
 
SUBJECT: 2050 Napa Valley Water Resources Study 
 Review of 1991 and 1992 Studies 
 
The purpose of this technical memorandum is to summarize the planning assumptions and criteria 
utilized to develop the key findings and recommendations in the following previous studies 
prepared for the Napa County Flood Control and Water Conservation District (County): 

• Water Resources Study for the Napa County Region, prepared by James M. 
Montgomery Consulting Engineers, Inc., January 1991 (1991 Study); and 

• Napa River Diversion Feasibility Study, prepared by Kennedy/Jenks Consultants, 
May 1992 (1992 Study). 

This baseline data will then be used by West Yost & Associates in subsequent tasks of the 
2050 Napa Valley Water Resources Study to update and reevaluate the applicability and 
validity of these previous assumptions, findings and recommendations. Also contained in this 
technical memorandum is a summary of the status of the recommendations made in the 
1991 and 1992 studies. 

KEY ASSUMPTIONS AND CRITERIA USED IN 1991 STUDY 

Study Area 

The 1991 Study by the County evaluated the entire Napa County, divided into three regions: 

• North Napa Valley including Calistoga, St. Helena and Yountville; 

• South Napa including the City of Napa and American Canyon; and 

• Lake Berryessa. 

The 2050 Napa Valley Water Resources Study being conducted for the Flood Control District 
(District) will evaluate only the North Napa Valley and South Napa areas, and will not include an 
evaluation of the Lake Berryessa area or the rural Angwin area. Plate 1 (see attached) shows the 
current study area, compared to the study area used for the 1991 Study. 
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Water Demand 

The 1991 Study evaluated three water demand scenarios extending to the year 2020. Key 
assumptions for each of the scenarios are described in Table 1. 

Other key assumptions used to determine the municipal and industrial demands and agricultural 
demands are discussed in the following sections. 

Municipal and Industrial (M&I) Demand 

In the 1991 Study, existing (1989/1990) M&I water use was determined from an analysis of water 
production records and metered water sales data. Average per capita water uses (not including 
industrial uses) for 1985 through 1989 were calculated for each City, and then used with ABAG 
and CDOF population projections to develop future M&I water demands as shown in Table 2. 

Agricultural Demand 

In the 1991 Study, agricultural water use factors were assigned to each subarea for different crop 
categories. Water use factors for a specific crop were assumed to be the same throughout a given 
subarea. Existing agricultural acres (1989/1990) were based on a Department of Water Resources 
Land Use Study conducted in 1987 (DWR Land Use Study #88-62). Future agricultural acres 
were based on a Napa County 1989-2005 General Plan Land Use Map. Other irrigated 
agricultural acres (non-vineyard acres) were assumed to remain constant over the study period. 
The agricultural acres and unit water use factors are shown in Table 3. 

Agricultural water consumption (irrigation) was based on 1989 irrigation practices, and was 
primarily assumed to be sprinkler irrigation. The 1991 Study noted that irrigation methods would 
be converting to drip irrigation in the future, but that the differences in water use between the two 
methods would not be significant. The 1991 Study also noted that some vineyards (about 
50 percent of those in the North Napa Subarea) would be converting to wind machines for frost 
and heat protection by the Year 2020, and assumed a vineyard planting density of about 500 to 
600 vines per acre. The 2050 Water Resources Study update will review and develop appropriate 
water demand factors by subarea, and consider that current vineyard planning practices are 
increasing vine densities to an average of about 900 vines per acre with a maximum of up to 
1,500 to 2,000 vines per acre. 

Agricultural water demands for vineyards and other irrigated agriculture based on the findings in 
the 1991 study are shown in Table 2. As shown, the total projected water demand (both M&I and 
agriculture) for the 1991 Study area, was projected to be 77,407 acre-feet per year (af/yr) by the 
Year 2020, a 32 percent increase from the 1990 demand. The total demand for the North and 
South Napa Valley Subareas (being included in the current plan update) was projected to be 
68,518 af/yr for the Year 2020. 
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Water Supply 

In the 1991 Study, five sources of water supply were evaluated: 

• Groundwater; 

• River diversion; 

• Reservoirs; 

• Imported water; and 

• Reclamation. 

Table 4 presents a summary of the estimated yield from each of these supply sources as presented 
in the 1991 Study, and the assumptions used to estimate these yields. The 1991 Study also 
recommends a Water Management Plan based on the water need/supply balance identified in the 
1991 Study and provides estimates of the incremental supply potentially available from each 
supply source if water management measures were implemented. A summary of the incremental 
supplies potentially available in the future, as identified in the 1991 Study, is provided in Table 5. 

STATUS OF RECOMMENDATIONS MADE IN 1991 AND 1992 STUDIES 

Table 6 provides a summary of the recommendations made in the 1991 Study, and description of 
the current status of each of the recommendations. Table 7 provides a summary of the 
recommendations made in the 1992 Study and a description of the current status of each of the 
recommendations. 

KEY ASSUMPTIONS TO BE USED FOR 2050 WATER RESOURCES STUDY 

Table 8 provides an overview of the previous study assumptions and a description of the key 
assumptions that have changed or that will be evaluated in an alternative manner based on 
current M&I water demand projections, current and projected agricultural trends in the Napa 
Valley, and current and projected water supply availability and associated environmental and/or 
regulatory concerns. 

GSN/JPC:ajb 
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Table 1. Key Water Demand Assumptions Used in 1991 Study 

Scenario Key Assumptions 
Baseline Projection • Per capita use for municipal areas based on the average consumption during the 1985-89 period. The per 

capita factors for this period of predominantly dry years reflects a conservation-oriented attitude deemed to 
be representative of future use. 

• Population projections from the Association of Bay Area Governments (ABAG) and California Department 
of Finance (CDOF). 

• Irrigated crop acreage from Napa County 1989-2005 General Plan Land Use Map, with area dedicated to 
Agricultural Resource fully developed as vineyards by the year 2020 for South Napa and North Napa 
Valley subareas, and 50 percent developed in the Lake Berryessa subarea due to restricted water 
availability.  

• Frost and heat protection not required for 50 percent of future vineyard lands in the North Napa Valley and 
Lake Berryessa subareas due to hillside location. 

Alternative Scenario 1 • Reduced M&I water demand by 10 percent to account for water conservation 
• No additional growth in vineyard acreage in the Lake Berryessa subarea due to limited water availability 
• Wind machines will replace sprinkler systems for frost and heat protection in 50 percent of the vineyards in 

the North Napa Valley and Lake Berryessa subareas by the year 2020 
Alternative Scenario 2 • A greater projected population than the ABAG and CDOF estimates based on the 1980-2000 growth rates 

used in the Napa County General Plan, assuming that the growth rates remain in effect until the year 2020. 
• Due to potential rapid development of Carneros vineyards, the acreage designated as Agricultural Resource 

in the South Napa subarea is assumed to be fully developed by the year 2005, instead of the year 2020. 
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1990 2000 2020
North Napa Valley Subarea
Calistoga

Municipal 745            930            1,240                 
Industrial 245            260            275                    

St. Helena
Municipal 1,495         1,835         2,250                 
Industrial 440            440            440                    

Yountville Includes Town of Yountville and Veterans Home.
Municipal 900            970            1,085                 
Industrial -            -            -                     

Rural 1,358         1,443         1,756                 Includes rural population and winery use; does not include Angwin (listed below)

Vineyard (c) 22,181       24,532       29,235               
Other Irrigated Agriculture (d) 797            797            797                    Assumed to remain constant over the study period

North Napa Subtotals, af/yr 28,161       31,207       37,078               

South Napa Valley Subarea
Napa

Municipal 13,135       14,540       17,285               
Industrial 690            765            910                    

American Canyon
Municipal 1,325         1,580         2,050                 
Industrial 266            266            266                    

Rural 1,705         1,811         2,207                 Includes rural population and winery use

Vineyard (c) 3,248         3,904         5,216                 
Other Irrigated Agriculture (d) 3,506         3,506         3,506                 Assumed to remain constant over the study period

South Napa Subtotals, af/yr 23,875       26,372       31,440               

NORTH AND SOUTH NAPA VALLEY
SUBTOTALS, af/yr 52,036   57,579   68,518          Compares to study area being used for 2050 Napa Valley Water 

Resources Study

Lake Berryessa Subarea This subarea is not included in 2050 Napa Valley Water Resources Study
Rural 95              101            123                    Includes rural population and winery use

Vineyard (c) 2,460         3,144         4,512                 
Other Irrigated Agriculture (d) 3,359         3,359         3,359                 
Angwin 630            725            895                    135                This area is not included in 2050 Napa Valley Water Resources Study

Lake Berryessa and Angwin Subtotals, af/yr 6,544         7,329         8,889                 These subareas are not included in 2050 Napa Valley Water Resources Study

TOTAL 1991 STUDY AREA TOTALS, af/yr 58,580   64,908   77,407          As presented in 1991 Study

Napa County Population (e) 108,900     147,500             

(a)  Napa County Flood Control and Water Conservation District, Water Resource Study for the Napa County Region, January 1991, James M. Montgomery Consulting Engineers
(b)  As presented in Tables 3-4 and 3-5 of the 1991 Study.
(c)  See Table 3 for agricultural acres and unit water requirements by crop category.
(d)  See Table 3 for other irrigated agricultural acres and unit water requirements by crop category.
(e)  As presented in Table 3-3 of the 1991 Study; baseline projection.
(f)  As presented in Table 3-1 of the 1991 Study.  Based on average per capita use for 1985 through 1989.  Does not include industrial water use.

164                

Current St. Helena per capita use of 228 gpcd for all water users; 209 gpcd without 
industrial users.

151                

233                

223                

179                

Table 2.  Summary of Projected Water Demands as Presented in the 1991 Study(a)

Baseline Projected Water Use, af/yr (b)

CommentsArea/Water Use

Per Capita 
Water Use, 

gpcd (f)
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North Napa 
Valley 

Subarea

South Napa 
Valley 

Subarea

Lake 
Berryessa 
Subarea

Agricultural Water Use Factors by Crop Category, af/ac/yr (b)

Vineyard 

Irrigation 0.50 0.40 0.60 No evapotranspiration assumed.  Irrigation water use was assumed to be constant 
over a given subregion.  Assumed vineyard density of 500 to 600 vines per acre. 

Frost Protection 0.33 0.00 0.33
Based on 32 hours per year of frost protection.  No frost protection for South Napa 
Valley (1991 Study pg. 3-13).  50 percent of future land developed as vineyards in 
North Napa and Lake Berryessa will not require frost or heat protection.

Heat Protection 0.17 0.00 0.17
No heat protection for South Napa Valley (1991 Study pg. 3-13).   50 percent of future 
land developed as vineyards in North Napa and Lake Berryessa will not require frost 
or heat protection.  

Total Vineyard Water Use 1.00 0.40 1.10
Pasture

Irrigation 4.00 4.00 4.00 Irrigation water use was assumed to be constant over a given subregion.
Grain

Irrigation 1.70 1.70 1.70 Irrigation water use was assumed to be constant over a given subregion.
Deciduous

Irrigation 2.00 2.00 2.00 Irrigation water use was assumed to be constant over a given subregion.
Truck Crops

Irrigation 1.70 1.70 1.70 Irrigation water use was assumed to be constant over a given subregion.

Agricultural Area, acres 
1990 (c) 

Vineyard Acres 22,181          8,121            2,236         
Other Irrigated Agriculture Acres 320               1,010            1,115         Assumed to remain constant over the study period

2020 (d)

Vineyard Acres 31,586          13,041          4,650         
Other Irrigated Agriculture Acres 320               1,010            1,115         Assumed to remain constant over the study period

Agricultural Water Demand, af/yr (e)

1990
Vineyard Water Demand 22,181          3,248            2,460         

Average Water Use, af/ac/yr 1.00                    0.40                    1.10               

Other Irrigated Agriculture Water Demand 797               3,506            3,359         Assumed to remain constant over the study period
Average Water Use, af/ac/yr 2.49                    3.47                    3.01               

2020
Vineyard Water Demand 29,235          5,216            4,512         

Average Water Use, af/ac/yr 0.93                    0.40                    0.97               

Other Irrigated Agriculture Water Demand 797               3,506            3,359         Assumed to remain constant over the study period
Average Water Use, af/ac/yr 2.49                    3.47                    3.01               

(a)  Napa County Flood Control and Water Conservation District, Water Resource Study for the Napa County Region, January 1991, James M. Montgomery Consulting Engineers
(b)  As presented in Table 3-2 of the 1991 Study; average annual crop water demand was assumed constant for each subarea.
(c)  Based on DWR Land Use Study #88-62; as presented in Table 3-3 of the 1991 Study.
(d)  Based on Napa County 1989-2005 General Plan Plan Use Map; as presented in Table 3-3 of the 1991 Study.
(e)  As presented in Table 3-5 of the 1991 Study.

Table 3.  Summary of Agricultural Acres and Unit Agricultural Water Requirements as Presented in the 1991 Study(a)
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Safe or Firm 
Yield, af/yr (b)

Useable 
Storage, af (c) Comments

Groundwater
North Napa Valley Basin 22,500                190,000              Period of record:  1962-1989
Milliken-Sarco-Tulucay Basin <5,400 20,000                
Lake Berryessa Basin <400 7,700                  
Carneros Area Basin <300 <3,000

Total Groundwater (maximum) 28,600                

Total Groundwater (without Lake Berryessa Basin) 28,200              Compares to study area being used for 2050 Napa Valley Water Resources Study.

River Diversion
Napa River above Oak Knoll 10,000                Based on period of record:  1960-1988

Total River Diversion 10,000              

Reservoirs (Municipal)
Municipal (d) Based on period of record:  1940-1989

Milliken 400                     2,000                  Based on 80 percent frequency yield
Rector 1,200                  4,000                  Based on 100 percent frequency yield
Lake Hennessey 5,000                  31,000                Based on 100 percent frequency yield
Bell Canyon 480                     2,050                  Based on 80 percent frequency yield
Kimball 110                     335                     Based on 80 percent frequency yield

Total Municipal Reservoirs 7,190                39,385              
Lake Berryessa 1,500                  Based on 1991 agreement for lakeside use

Imported Water
North Bay Aqueduct (e)

1990 Minimum 5,060                  Assumes delivery of only 75 percent of contract entitlement due to potential cutbacks due to 
drought conditions.

Maximum 6,745                  Assumes 100 percent delivery of contract entitlement in 1990

2020 Minimum 13,695                Assumes delivery of only 55 percent of contract entitlement based on capacities of existing 
State Water Project facilities (assuming no new facilities).

Maximum 24,900                Assumes 100 percent delivery of contract entitlement in 2020

Reclamation (Recycled Water)
Minimum 3,103                  
Maximum 5,943                  

(b)  As presented in Table S-2 of the 1991 Study.
(c)  As presented in Table 5-2 of the 1991 Study.
(d)  Storage capacity as presented in Table 5-6 of the 1991 Study.
(e)  Contract entitlement culminates in the Year 2021 with a total entitlement of 25,000 af/yr:

City of Napa 18,800                
American Canyon 5,200                  
Town of Yountville 500                     
Calistoga 500                   

Total 25,000                

Water Supply

Table 4.  Yield of Available Water Supplies as Presented in the 1991 Study (a)

(a)  Napa County Flood Control and Water Conservation District, Water Resource Study for the Napa County Region, January 1991, James M. Montgomery Consulting Engineers
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1990 2020
Conservation (Drought Period Water Use Cutback of 25%)

Calistoga 248                      379                   
St. Helena 484                      672                   
Yountville 112                      156                   
City of Napa 3,456                   4,549                
American Canyon 398                      579                   
Rural (Total) 947                      1,245                
Agricultural (Total) 8,888                   11,656              

Total 14,533                 19,236              

Groundwater as a Municipal Supply 9,776                   2,048                Per 1991 Study, no groundwater available in American Canyon.  

Maximizing River Diversions 5,000                

Maximizing Municipal Reservoir Yield

Milliken (20-foot dam height increase) 600                   

Rector Minimal
Lake Hennessey (15-foot dam height increase) 1,500                
Bell Canyon (20-foot dam height increase) 700                   
Kimball (40-foot dam height increase) 500                   

Total 3,300                

Lake Berryessa Supply

Firming Up North Bay Aqueduct Supply (from 55 
percent delivery to 100 percent delivery)

Calistoga -                       225                   
Yountville -                       225                   
City of Napa -                       8,415                
American Canyon -                       2,340                

Total -                       11,205              

In-County Water Transfers
American Canyon NBA Entitlement 610                      546                   
North Napa Valley Groundwater 9,776                   2,048                

Total 10,386                 2,594                

Additional Wastewater Reclamation
Napa Sanitation District 4,321                
Calistoga 200                   
St. Helena 500                   
Yountville 100                   

Total 5,121                

New Supplemental Water Supplies
Local Storage Reservoirs

Napa River, Off-Stream 10,000              

Others 1,000                
Imported

Central Valley Project 10,000              
Total 21,000              

(b)  As presented in Table S-4 of the 1991 Study.
(a)  Napa County Flood Control and Water Conservation District, Water Resource Study for the Napa County Region, January 1991, James M. Montgomery 

Incremental Supply Available 
From Water Management 

Measures, af/yr (b)

Table 5.  Incremental Supply Potentially Available in the Future as Presented in the 1991 Study (a)

CommentsWater Supply

The 2050 Water Resources Study will consider the current listing 
of steelhead as a threatened species and increased regulatory 
concerns which may impact the current viability of such diversion 
projects.

Indeterminate

Maximum future cutbacks assumed to be 25 percent.
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Table 6. 1991 Study Recommendations and Status 
 

Recommendation Status 

Public Information 
The County should develop, maintain and distribute information to County water users regarding: 

• County water supply sources; 
• Current hydrologic conditions in the County and for the State Water Project and how County water users will be 

impacted; 
• Status of State’s effort to meet its future water contract entitlements 
• Status of municipal, industrial and agricultural water conservation efforts 
• Status of wastewater reclamation efforts 

The District established a Water Technical Advisory Committee (WATRTAC) with representatives from the 
County and each of the cities in the County (Calistoga, St. Helena, Yountville, Napa and American Canyon). The 
mission of the WATRTAC is to provide a venue to openly discuss regional water supply issues and projects, 
including but not limited to issues such as updates on State Water Project deliveries, contract administration, water 
purchase opportunities, DWR activities/projects to increase supply and deliveries, NBA studies, and SWP 
contractor concerns and positions. 

Water Needs 
The County should update the County-wide water needs analysis every five years to track the baseline water use and 
establish revised alternative demand projections, as necessary 

No action taken until authorization for the 2050 Study to begin. 

Water Supply 
The County should consider the following future activities: 

 

• Encourage or sponsor additional investigation of the smaller groundwater basins to refine safe yield estimates County has a Groundwater Ordinance which requires a demonstration of available groundwater supply (and associated 
metering of usage), from wells in the MST area, prior to use approval. County has also required metering on a few 
wells in the Carneros area. County has entered into a cooperative program with USGS to evaluate the Milliken-Sarco-
Tulucay Basin. County also continuing to collect water level data from key wells in the main basin area. 

• Track exploration for new wells by municipalities and wineries with regard to depth, production and water quality County does track new wells proposed by municipalities and wells in MST/Carneros areas. 

• Inventory County storage facilities beyond the five major municipal reservoir, with special focus on facilities that 
derive water from the Napa River 

The 1992 study evaluated the feasibility of diverting Napa River water to off-stream storage. This Study evaluated 
and provided an inventory of potentially available divertible flows, water rights and an inventory of some 40 
potential storage sites. (See Table 7 for 1992 Study recommendations.) However, with the current listing of 
steelhead as a threatened species (under the Federal Endangered Species Act of 1997) and the increased regulatory 
concerns with maintaining habitat areas and flushing flows, it is questionable whether the river diversion projects 
evaluated in the 1992 study are still viable water supply alternatives.  

• For County development use permits, ensure that drainage is retained on site to encourage groundwater recharge, 
and the adequacy of water supply is fully demonstrated 

County has various regulations that require surface water drainage to be controlled. Although these regulations 
don’t necessarily require that all drainage be retained on-site, any efforts to reduce the rate at which flow leaves the 
site will further encourage localized groundwater recharge. County has developed and adopted an ordinance 
requiring the demonstration of adequate groundwater supplies if a new development intends to use groundwater as 
its source of supply. 

• Negotiate with Solano County for allocation of the water rights reservation from Lake Berryessa considering the 
water needs and supplies of the Lake Berryessa Subarea 

Adjudication settlement with Solano County has resolved this issue. 

• Serve as the lead agency in firming up the North Bay Aqueduct supply.  Incorporate St. Helena into the contract 
entitlement. 

In January 2000, the City of St. Helena entered into a water supply contract with the District to obtain 1,000 acre-
feet per year of State Water Project entitlements. However, to date, St. Helena does not have firm transmission 
capacity in the NBA. 

• Encourage the implementation of Napa Sanitation/American Canyon Water District’s reclamation plans at the joint 
Soscol Wastewater Plant. 

Both Napa Sanitation District and American Canyon Water District are implementing recycled water plans, 
however, each entity is doing this independently, not at a joint water reclamation facility. 

• Investigate the advantages of conversion of the County into a County Water Agency. On-going transition. County Board has been converted from 5 Supervisors to an 11 member District Board which 
now includes representatives from each City/Town, and this District Board has now taken a more active role in 
County-wide water issues. 
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Table 8. Overview of Previous Study Assumptions and Considerations for 2050 Water Resources Study 

Issue Key Assumptions in Previous Studies Considerations for 2050 Water Resources Study 
Study Period • Projections made to the year 2020 • Projections will be made to the year 2050 
Study Area • Entire Napa County area, including North Napa Valley Subarea, South Napa Subarea and Lake 

Berryessa Subarea 
• Only North and South Napa Valley areas to be included.   
• Lake Berryessa area and rural Angwin are not included. 

M&I Water Demands • Projected to the year 2020 using average per capita water use for 1985 through 1989 and extrapolated 
using ABAG and CDOF population projections. 

• Updated “high” and “low” projections to be developed approximately every ten years to the year 2050 
• Projections to be based on recent water use data, current conditions and updated General Plans obtained from 

each City. Water savings from long-term conservation programs to be factored in (if applicable). 
• Will consider growth ordinances put in place by several cities and recent growth surge in American Canyon. 
• Demand management measures which may be implemented in dry years will be considered. 

Agricultural Water 
Demands 

• Projected based on then existing irrigation methods and 1989-2005 Napa County General Plan Land 
Use Map. 

• Assumed vineyard planting at 500 to 600 vines per acre. 
• Unit water use factors for each subarea were assumed to be constant for the entire subarea, 

Updated agricultural water demand projections will be developed based on: 
• Unit water use factors based on subareas (North Valley, Mid Valley and South Valley) and microclimates 

(hillside vs. valley). 
• Potential densification of vineyard plantings from 500 to 600 vines per acre to average of 900 vines per acre, and 

up to 1,500 to 2,000 vines per acre in some areas. 
• Conversion to drip irrigation and resulting changes in irrigation water use. 

Water Supplies   
• Groundwater Use of groundwater as a municipal supply source was considered limited. • Groundwater basins in Northern Napa Valley area, Milliken-Sarco-Tulucay area and Carneros area will be further 

evaluated based on available data. 
• River Diversion Maximizing of existing diversions and new off-stream diversions were considered. • Viability may now be limited due to current listing of steelhead as a threatened species and increased regulatory 

concerns with maintaining habitat areas and flushing flows. 
• Municipal 

Reservoirs 
Expansion of municipal reservoirs was recommended by raising of dams (Milliken, Lake Hennessey, Bell 
Canyon and Kimball). 

• Yield curves to be re-evaluated. 
• Viability of raising dams may be limited due to current environmental concerns and possibly increased stream 

releases. 
• Imported Water Limitations consisted of delivery probabilities (as low as 55 percent of contract entitlements). • Additional State Water Project entitlements purchased. 

• Probability of deliveries from the State Water Project will be updated. 
• The impact of capacity constraints in the NBA on supply deliveries will be evaluated. 
• Expansion of the NBA will be considered. 

• Reclamation Limited expansion of then existing reclamation capabilities was assumed. • Will evaluate timing and quantities of uncommitted, highly-treated recycled water which might be available for 
use as a potential non-potable water supply source. 

• Will consider locally-generated and available recycled water resources as a possible source of water to meet non-
potable landscape irrigation and/or agricultural needs. 

• Will evaluate current NSD expansion of recycled water pipelines in the City of Napa, MST area and Carneros 
area. 

• Additional 
Supplemental 
Supplies 

The following projects were considered: 
• Water Conservation (25 percent use cutback) 
• Groundwater as a Municipal Supply 
• Maximizing River Diversions 
• Lake Berryessa Supply Increase 
• Firming up of NBA Supply 
• In-County Water Transfers 
• Additional Wastewater Reclamation 
• New Off-Stream reservoirs 
• Imported Surface Water from Central Valley Project 

The following projects will be considered: 
• Milliken-Sarco-Tulucay Conjunctive Use Project 
• Use of Untreated Water from Milliken Reservoir for non-potable landscape and agricultural demands in lieu of 

pumping groundwater 
• Multi-Agency water exchange or supplemental water supply projects developed between Calistoga/St. Helena 

and the City of Napa, Yountville/Veterans Homes and the City of Napa, and possibly the agricultural community, 
NSD and the City of Napa. 

• Possible use of groundwater as a municipal supply. 
• Possible Enlargement of NBA 
• Increased use of Recycled Water for non-potable irrigation purposes 
• Possible storage of excess NBA water deliveries. 
• Acquisition of additional imported supplies. 
• Acquisition of dry year options. 

River diversion projects may be less viable due to current listing of steelhead as a threatened species and increased 
regulatory concerns with maintaining habitat areas and flushing flows. 
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TECHNICAL MEMORANDUM NO. 2 
 

DATE: October 19, 2005 Project No.:   423-02-03-01 
 
TO: Don Ridenhour, Project Manager CC: WATRTAC Members 
 
FROM: Gerry Nakano, Project Manager 
 Jim Connell, Project Engineer 
 
SUBJECT: 2050 Napa Valley Water Resources Study 
 Napa County Municipal and Industrial Demands, Incorporated Areas 
 
The purpose of this Technical Memorandum (TM) is to describe the historical municipal and 
industrial (M&I) water demands for the Napa County incorporated municipal areas, to project 
those demands to the year 2050 (based on currently available information and adopted General 
Plans), and compare these projected demands to the demands previously projected in the 
1991 Water Resources Study for the Napa County Region (1991 Study). The areas involved are: 

• The City of Napa (Napa), 

• The City of American Canyon (American Canyon), 

• The Town of Yountville (Yountville), 

• The City of St. Helena (St. Helena), 

• The City of Calistoga (Calistoga). 

Wherever possible, data for future land-use and population projections were based on each 
entity’s General Plan. For many of the entities, “build-out” of the developable areas as specified 
in the approved and adopted General Plans are anticipated to occur prior to the year 2050 (end of 
the evaluation period for this TM). Because of the possibility that the currently adopted General 
Plan boundaries may be expanded upon in the future, or that additional densification of urban 
areas (and corresponding increased water demand) may occur, during the latter years of the study 
period being evaluated in this TM, a nominal growth in population was anticipated following 
build-out of each municipality’s General Plan (with the exception of the Town of Yountville, 
which was held at buildout). 

This TM was based on data received from the various agencies and other sources. Because data 
are continually being generated and developed, these M&I demand projections should be repeated 
on a regular basis. The recommended period between revisiting demand projections is 
approximately every five years. This period would allow a balance between the collection and 
evaluation of new data to identify possible water-use trend changes, but being often enough to 
respond to changing water use patterns and plan for future water projects. 
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COMPARISON OF PROJECTED DEMANDS 

The total projected M&I demands in Year 2020 from the 2050 Study are compared with the 
1991 Study projections in Table 1 and on Figure 1. As shown, in year 2020, demands are 
estimated to be approximately 4,060 afa greater (16 percent) than previously projected in the 
1991 Study. Figure 1 provides a more detailed comparison of the incorporated municipal area 
demand estimates of the two studies over time. The following sections and the appendices provide 
a more detailed discussion of the revised projections, and the criteria used to develop them. 

Table 1. Summary of Projected Demands 

 1991 Study 2050 Study 

Municipality Year 2020, afa(a) Year 2020, afa Year 2050, afa 

Annual 
Percent 
Increase 

2020-2050 

City of Napa 18,195 18,798(b) 21,643 0.47 
American Canyon 2,316 6,459(c) 7,500 0.50 
Yountville 625 679(d) 679 0.00 
St Helena 2,690 2,179(e) 2,458 0.40 
Calistoga 1,515 1,285(f) 1,560 0.65 

Total 25,341 29,400 33,840 0.47 
(a) afa = acre-feet annually. 
(b) GP 2020 Buildout (See Appendix A). 
(c) From Draft 2003 Water Master Plan Update. 
(d) Uses Unit Water Demands from WYA 2004 Water Supply Plan Update, dated August 2004. 
(e) Based on St. Helena’s Year 2020 demand estimate referenced in the City’s 2003 Urban Water 

Management Plan (UWMP), plus 6 percent unaccounted-for water. 
(f) Based on Draft 2003 General Plan and August 2000 Water Facilities Plan. 

As described in TM 1, M&I water demands in the 1991 Study were determined from an analysis 
of water production records and metered water sales data. Average per capita water uses 
(Residential/Commercial/Public) for 1985 through 1989 were calculated for each municipality, 
and then used with Association of Bay Area Governments (ABAG) and California Department of 
Finance (CDOF) population projections to develop future M&I water demands. 

The 2050 Study used a combination of population projections and land-use projections to 
estimate the future water demands. A summary of the methodology used for each municipality is 
shown in Table 2. 
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Table 2. Water Demand Projection Methodology 

Agency 
Projection 

Method Used(a) Reason 
Napa Per Capita Slightly more conservative than land use projection. 

American 
Canyon Land Use Considered more reliable than per capita projections, 

reliable population projections not available. 

Yountville Land Use Considered more reliable than per capita projections, 
reliable population projections not available. 

St Helena Per Capita Land use unit demand data were not available. 

Calistoga Per Capita 

General Plan land uses are superseded by bylaws that 
restrict commercial growth. Therefore, land use projection 
would overestimate the projected commercial water 
demand. 

(a) Per Capita Methodology – Used historical data to determine a per capita water demand, and then 
projected demands based on population projections. 
Land Use Methodology – Used historical data to determine unit demands based on land use types, 
and then projected demands based on land-use projections. 

The impact of water conservation and recycling practices also varied from agency to agency. The water 
conservation assumptions for each agency are summarized in Table 3. 
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Figure 1.  2050 Study  M&I Demand Projections
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Table 3. Water Conservation and Recycling Assumptions 

Agency Assumptions 

Napa 

According to City staff, water conservation practices will reduce total water 
demands by 10 percent by the year 2020. Four percent has been saved to 
date with an additional six percent to be saved prior to 2020. The use of 
highly treated recycled water for non-potable landscape irrigation, to offset 
existing potable use, was also incorporated into these projections. 

American Canyon 

From the 2003 Water Master Plan, total projected water demand is 
10 percent less than the demand based on land use. It is assumed this 
reduction is due to reduction of unaccounted-for water and increased water 
conservation practices. 

Yountville 
The Yountville water Conservation Ordinance generally prohibits the 
wasting of water and provides for demand management measures during 
dry years. No specific normal year reduction goals have been stated. 

St. Helena 

St. Helena has implemented several water demand management measures 
to reduce the potable water demands and is expected to continue 
implementing water demand management measures. The effectiveness of 
the demand measures is represented in the per capita water demands. The 
proposed Water Recycling Project is expected to produce recycled water to 
replace potable and non-potable water use. 

Calistoga 

The Water Facilities Plan (Plan), dated August 2000, by Summit 
Engineering Inc., did not project the impacts of water conservation or 
recycled water use on the total potable water demand. The Plan indicated 
that between 31 afa and 78 afa could be saved by partial implementation of 
water conservation practices. 
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The historical population growth for the five municipalities from 1993 to 2002 is shown 
in Table 4. 

Table 4. Historical Population Growth, 1993-2002 

Municipality 

 
Estimated 
Population 

1993 

 
Estimated 
Population 

2002 

Average 
Annual 
Growth, 
percent 

Napa(a) 71,840 80,661 1.3 
American Canyon 8,517 11,280 2.8 
Yountville(b) 1,909 2,087 1.0 
St. Helena(c) 6,020 6,720 1.2 
Calistoga 4,550 5,190 1.3 
Total 92,836 105,938 1.5 
(a) Total population served. 
(b) Estimated based on 1990 and 2000 census data. 
(c) Total population served. Includes 720 persons outside City limits. 

For the purpose of this TM, the assumed rates of growth following buildout for the five 
municipalities are shown in Table 5. 

The per capita water demands and projected populations for the five municipalities in the 
County are also summarized in Table 5. The 1991 Study projected per capita demands based on 
the years 1985 through 1989 for all municipal demands such as residential, commercial and 
public. Industrial demands were projected separately, except in the cases of Yountville and 
American Canyon where industrial demands were considered insignificant at that time. The 
1991 Study then multiplied the calculated per capita water demand by the projected population, 
which was based on Napa County, ABAG, and CDOF estimates. The 1991 Study did not report 
the projected population, so the population estimates shown in the 1991 Study population 
column of Table 5 were back calculated by dividing the projected municipal demand by the per 
capita water demand. 

The per capita water demands were calculated for the 1991 Study using all water uses except 
industrial, whereas the 2050 Study water demand estimates were based on total water 
delivered. For the 1991 Study, industrial demands were considered negligible in American 
Canyon and Yountville. The revised water demand estimates would therefore be expected to 
be somewhat greater than the 1991 Study demand estimates for Napa, St. Helena, and 
Calistoga. This expectation was confirmed in Calistoga and St. Helena. In Napa, the 
1991 Study adjusted the total demand by five percent to account for industrial demands, 



Technical Memorandum No. 2 
October 19, 2005 
Page 7 
 
 

West Yost & Associates J:\clients\423\03-01\admin\finaltmsrevisions 

FINAL

therefore, the per capita water demand difference between the 1991 Study and the 2050 Study 
revised estimates is considered insignificant. 

Table 5. Per Capita Water Demands and Projected Populations 

 1991 Study Revised Estimates – 2050 Study 

Municipality 

Per Capita 
Water 

Demand, 
gpcd 

Projected 
Population 

in Year 
2020(a) 

Per Capita 
Water 

Demand, gpcd

Projected 
Population 
at Buildout 

(Year) 

Assumed 
Annual Rate of 

Growth 
Post-Buildout, 

percent 

Projected 
Population 

in Year 
2050 

Napa 179 86,142 180(b) 93,000(e) 

(2020) 
0.5 108,010 

American 
Canyon 

164 11,151 200(b) 27,800(f) 

(2015) 
0.5 33,100 

Yountville 223 2,500 225(b) 2,511(f) 
(2010) 

0.0 2,511 

St. Helena 233 8,614 228/413(c) 8,170(g) 
(2050) 

NA(i) 8,170 

Calistoga 151 7,326 169(d) 6,726(h) 
(2038) 

0.25 7,000 

Total — 115,700(i) — — — 158,800(i) 
(a) Calculated by dividing the 1991 Study projected municipal demand by the 1991 Study projected per capita 

consumption. 
(b) Calculated by WYA based on historical data provided by municipalities, see appendices. 
(c) Inside City/Outside City from UWMP May 2003, total per capita water demand is approximately 

260 gpcd. 
(d) Water Facilities Plan, Summit Engineering, May 2000. 
(e) Projected population within the City’s Rural Urban Limit. 
(f) Based on Water Supply Plan Update, dated August 2004. 
(g) UWMP May 2003/ABAG Projection. Includes 720 persons outside City Limits. 
(h) Draft 2003 General Plan. 
(i) St. Helena is projected to reach buildout in the Year 2050. 
(j) Values rounded 

The following paragraphs generally summarize the differences between the 1991 Study and the 
2050 Study projections for each municipality. More detailed information regarding the municipal 
and industrial demands for each municipality is included in the appendices. 

Napa 

The 2050 Study estimated a per capita water demand that is very similar to the demand estimated 
in the 1991 Study. The 2050 Study projected population within Napa’s water service area, which 
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includes Napa’s Rural Urban Limit (RUL) and water service to some unincorporated areas. 
Standard census data for Napa generally excludes the unincorporated islands, thus the population 
of these areas was estimated based on census block data received from Napa for the census years 
of 1990 and 2000. It is not clear if the city limits, the RUL, or the water service area was used in 
the 1991 Study for demand projections. Because the 1991 Study used USGS topographic maps 
showing urbanized areas, it is possible the population projections included areas lying outside the 
City limits. 

The 2050 Study demand estimate is based on a per capita water use methodology, based on the 
population within Napa’s RUL, with projected demands outside the RUL added in, plus the 
Yountville Veteran’s Home and Napa State Hospital. Deliveries to American Canyon, 
St. Helena, Calistoga and Yountville are not included in Napa totals because these demands are 
accounted for elsewhere. 

Buildout is expected by the year 2020. Beyond buildout, growth in population and water demand 
was projected at a nominal rate of 0.5 percent per year. 

Further information regarding the historical and projected demands is included in Appendix A. 

American Canyon 

The dramatic increase in American Canyon’s water demand, as projected in the 2050 Study, is 
due to the accelerated growth rate experienced in the American Canyon area. The 1991 Study 
assumed a 1.5 percent growth rate for all municipalities in Napa County. Since 1991, American 
Canyon has actually grown by almost three percent per year, with a growth rate of almost 
12 percent in year 2001. In year 2000, the population of American Canyon was reportedly 
9,375, compared to the 1991 Study projected population of approximately 8,400. 

According to American Canyon’s 2003 Water Master Plan prepared by Hydroscience, buildout of 
American Canyon is expected to take place shortly after the year 2006, with growth rates 
exceeding ten percent per year for the next several years, as large undeveloped areas are 
developed. The 2050 Study projected demands are based on land use multiplied by a water 
demand factor. Dividing the ultimate projected demand of 6,233 afa by the estimated per capita 
water demand (200 gpcd), results in a projected population of 27,800 persons. Officially, the 
current General Plan has designated 6,300 afa as the buildout water demand. Therefore, for the 
purposes of this analysis, the current General Plan projected demand of 6,300 afa will be used for 
the buildout condition. Beyond buildout, growth in population and water demand was projected at 
a nominal rate of 0.5 percent per year. 

Further information regarding the historical and projected demands is included in Appendix B. 

Yountville 

The 2050 Study water demand for Yountville at buildout was estimated to be 679 afa. This 
demand is based on the Water Supply Plan Update, dated August 2004, by West Yost 
& Associates. The Water Supply Plan Updated based the projections on recent (2003) land-use 
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data and projected land use at buildout of the General Plan. The recent total per capita water 
demand has been approximately 225 gpcd. 

The 1991 Study assumed the ratio between residential and commercial land-use types would 
remain constant. The 2050 Study calculated the total demand based on land-use, and then 
estimated the equivalent population based on historical per capita water demands. The difference 
between buildout population projections is most likely due to the 2050 Study’s land-use 
methodology that did not hold the ratio of residential to commercial uses constant.  

There are only seven undeveloped areas in Yountville. Development proposals have been 
received for three of them. The development proposals alter the General Plan land uses and must 
be approved. Buildout in Yountville is expected to occur by the year 2010. Due to growth 
restrictions, growth in population and water demand was not projected to increase beyond the 
maximum density buildout. 

Further information regarding the historical and projected demands is included in Appendix C. 

St. Helena 

The 2050 Study’s water demand projection for St. Helena in the year 2050 is approximately 
2,458 afa. This is approximately 10 percent less than estimated in the 1991 Study for the 
year 2020 (2,690 afa). This decrease in projected future demand is primarily due to reduced 
population projections. The 1991 Study projected a population of approximately 
8,614 (1.5 percent per year) persons by the year 2020. More recent estimates project the service 
area population (including water service areas outside of the City Limits) to be approximately 
7,120 persons by the year 2020 (current population is approximately 6,720), and 8,170 persons by 
buildout of the General Plan land uses by the year 2050 (includes approximately 720 persons 
outside City Limits). 

The St. Helena currently does not use recycled water, although untreated supplies from the Lower 
Reservoir are currently used for turf irrigation and construction water purposes. St. Helena is 
proposing a Recycled Water Project that will involve an upgrade and expansion of the existing 
wastewater treatment facilities to provide recycled water meeting tertiary, unrestricted Title 22 
reuse standards by the year 2025. This recycled water would be used to offset the use of potable 
water for irrigation of school grounds, parks, and other city properties, and other, non-potable 
water uses. The potential quantity of recycled water to be produced is currently being estimated. 

Buildout of the maximum carrying capacity identified in the General Plan is expected to occur by 
the year 2050. 

Further information regarding the historical and projected demands is included in Appendix D. 

Calistoga 

According to the City of Calistoga’s Water Facilities Plan, dated May 2000, by Summit 
Engineers, the projected water demand for Calistoga, based on a projected population at buildout 
of 8,043, will be approximately 1,517 afa. The same report projected a water demand based on 
land-use of approximately 2,600 afa. The difference between these two water demand 
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methodologies is caused by the large projected growth of commercial areas in the land-use based 
methodology, compared to the projected population increase. Typically, the land use projection is 
considered more reliable. The Draft 2003 General Plan, however, limits commercial development 
to maintain the current ratio between residential to commercial use. Currently this ratio is 
60 percent residential to 40 percent commercial, which limits the residential growth rate to 
1.35 percent per year. According to the recent studies conducted during preparation of the Draft 
2003 General Plan, total buildout is expected to be completed near the Year 2038. Beyond 
buildout, growth in population and water demand was projected at a nominal rate of 0.25 percent 
per year. For the 2050 Study, the 1,517 afa water demand estimate for buildout will be used. 

Further information regarding the historical and projected demands is included in Appendix E. 

GSN/JPC:ajb 
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APPENDIX A. CITY OF NAPA 
MUNICIPAL AND INDUSTRIAL DEMANDS 

INTRODUCTION 

To prepare a current estimate of the City of Napa’s (Napa) projected water demands, the 
following data were analyzed: 

• Historical Annual Production by Source 

• Historical Monthly Production By Source 

• Historical Annual Water Use by Land-Use Type 

• Historical and Projected Total Annual Water Consumption 

• Historical Per Capita Water Demand 

HISTORICAL ANNUAL PRODUCTION BY SOURCE 

The total annual production by source is shown in Figure A-1 for the years 1980 through 2002. 

Napa provides supplemental water or emergency supply to various entities such as the cities of 
Calistoga, St. Helena, and American Canyon, and the Town of Yountville. These entities are not 
retail customers of Napa. Napa treats the North Bay Aqueduct (NBA) water for each municipality 
at the Jameson WTP and wheels the treated water through the Conn transmission main. 

The production volumes shown in Figure A-1 include water delivered to American Canyon, 
Yountville, St. Helena, Calistoga and other outside entities. 

HISTORICAL MONTHLY PRODUCTION BY SOURCE 

Water use in Napa rises in summer months to meet landscape irrigation and other exterior 
water demands, and declines in winter months, as shown on Figure A-2. Water supply and 
distribution facilities must be planned with sufficient capacity to meet the high demands 
occurring in summer months. 

HISTORICAL ANNUAL WATER USE BY LAND-USE TYPE 

The water deliveries to the City’s retail customers and other major users are shown on Figure A-3. 

An estimation of the City’s use is shown in Table A-1 and Figure A-4. The unaccounted-for water 
was calculated by subtracting, the total of all accounted-for water uses from the production 
volume delivered to City Retail Customers. 
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The unaccounted-for water ranges from 2 percent to 14 percent of the water delivered for City 
Retail Customer use. Reportedly, unaccounted-for water is expected to range from 8 percent to 
12 percent for the City distribution system. Also shown in Figure A-4 is potable water that is used 
for agricultural and landscape irrigation. 

HISTORICAL AND PROJECTED TOTAL ANNUAL WATER CONSUMPTION 

The projected water demands for the year 2020 are shown in Table A-2. The projected year 2020 
“Total City System Demand” of 18,798 af in Table A-2 assumes water conservation measures 
will reduce the water demand by an additional 6 percent by the year 2020. Landscape irrigation 
demands have been reduced in the projection presented in Table A-2 due to the City’s use of 
highly treated recycled water from the Napa Sanitary District to partially offset these non-potable 
water demands. 

It is significant to point out that the City is assumed to have reached total buildout by 2020. 
Beyond buildout, population growth was projected at a nominal rate of 0.5 percent per year to 
account for possible densification and/or slight changes to the General Plan boundaries. The 
historical and projected growth in demand is shown in Figure A-5. 

HISTORICAL PER CAPITA WATER DEMAND 

Historical per capita water demand for Napa’s entire water service area is shown in Figure A-6. 
As this figure shows, per capita water use trended slightly upward from 1980 through 1987. There 
is then a severe downward trend in per capita water use from 1987 to a low in 1991. Since then, 
per capita demand has been slowly increasing. 

The per capita demands for each year from 1980 to 2002 are presented in Table A-3. The average 
over the entire period is 170 gallons per capita per day (gpcd). The average over the 8-year 
predrought period is 178 gpcd. The per capita water demand for the drought and immediate post-
drought years was 155 gpcd, with a low of 125 gpcd in 1991. Per capita demand has risen since 
the early 1990’s, and in some years, has met or exceeded that experienced in the predrought 
years. As is evident from Table A-3 and Figure A-6, the drought response actions implemented 
by the City of Napa significantly reduced the per capita demand during the drought years and 
years immediately following the drought. Per capita water demands, however, have increased 
since that time, as customers may not be as conscious of conservation activities. 

To project water demands, a per capita demand factor of 180 gpcd was used. This per capita 
demand factor reflects a normal supply year (full-service delivery), and thus does not include 
demand management that would be implemented by the City of Napa during a drought, but does 
reflect a 4 percent savings compared to the mid 1980’s. Projected water demand based on per capita 
water use and projected population for Napa within the service area is shown in Table A-4. With 
the City’s additional water conservation efforts, the water demand for the City’s retail customers 
within the RUL is projected to increase to 17,626 af by the year 2020. Water demand projections 
were then continued beyond 2020 at a nominal 0.5 percent growth rate, as described above. 
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Table A-1. Profile of Water Use for the City of Napa and Vicinity(a) 

 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Water Service Categories afa afa afa afa afa afa afa afa afa afa afa afa 

Residential             
Single Family Residential 4,789 5,348 5,711 6,145 6,472 6,513 7,033 6,249 7,005 7,161 7,493 7,561 
Multi-Family Residential 1,645 1,800 1,801 2,202 2,021 2,033 2,153 1,993 2,021 2,017 2,090 1,975 
Subtotal 6,434 7,148 7,513 8,347 8,493 8,546 9,186 8,242 9,026 9,177 9,584 9,536 

Commercial 1,494 1,518 1,550 1,762 1,775 2,149 1,916 1,936 2,011 2,027 2,034 2,016 
Institutional 520 404 195 295 505 446 445 340 434 462 469 416 
Government(b) 128 145 157 215 203 228 247 231 236 251 268 259 
Agricultural and Landscape Irrigation(c) 271 271 614 394 416 521 680 558 727 727 728 832 
Contract Accounts (e.g. State Hospital) 584 606 589 568 456 473 714 551 664 717 827 772 
Veterans Home — — 406 0 2 0 459 0 87 103 6 90 
Subtotal 2,997 2,944 3,511 3,234 3,356 3,816 4,461 3,617 4,159 4,287 4,332 4,384 

Other Known Water Uses (estimated)             
Main Flushing Program — — 92 0 — 15 9 — — 44 — 27 
Eastside Reservoir Draining 77 77 153 37 — 18 — — — — — — 
Hennessey WTP Backwashing 51 284 305 236 100 — — — — — — — 
Hennessey WTP De-Sludging 45 45 45 45 45 45 45 45 45 45 45 45 
Water Main Break — 9 31 0  — 18 — — — 21 31 

Subtotal 173 415 626 318 145 79 73 45 45 89 66 102 

Total Accounted-for Water 9,604 10,507 11,649 11,899 11,994 12,441 13,720 11,904 13,230 13,552 13,981 14,023 
Unaccounted-for-Water 213 620 418 311 1,068 1,133 1,646 2,005 1,833 1,817 1,919 2,096 
Total City Use 9,817 11,127 12,067 12,210 13,062 13,574 15,366 13,909 15,063 15,369 15,900 16,119 

Source: City of Napa: Water System Optimization & Master Plan updated August 1997 [Chapter 3] with revised data by City of Napa August 2003. 
(a) Includes all City retail customers inside and outside the RUL. 
(b) Governmental consumption estimated at 1.3 percent of annual production from 1989 to 1992 based on 1993 record information. 
(c) Agricultural contracts and landscape irrigation are included in this number. 
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Table A-2. Projected Water Demand of Entire Service Area, afa 

Service Area 

1997 
Master Plan (af) 

Year 2020 

Revised Projected 
Water Demand (af) 

Year 2020 

Revised Projected
Water Demand (af)

Year 2050 
City of Napa within RUL 15,574(a) 17,046(b) 19,797(h) 
County Areas Served Outside of RUL(c) 900 900 900 
Napa State Hospital(d) 400 300 300 
Napa Municipal Golf Course(e) — (161) (161) 
John F. Kennedy Memorial Park(f) — (5) (5) 
Yountville Veterans Home(g) 460 100 100 

Subtotal of Municipal Demands 17,334 18,180 20,931 
Conservation (6%) (1,040) (1,090) (1,256) 

Adjusted Municipal Demands 16,294 17,089 19,675 
System Losses (10%)(i) 1,629 1,709 1,968 

Total City System Demand 17,923 18,798 21,643 
(a) This number is based on land use methodology in the 1997 Master Plan, Table 3-13, Total Demand within the 

RUL. The 1997 Master Plan estimated the land use water factors for six land use classes: Single Family 
Residential, Multi-Family Residential, Commercial/Industrial, Elementary Schools, High Schools and Napa 
College, and Parks & Sport Complexes. The water factors were based on customer meters readings for 
1992, increased by 26 percent to adjust for water conservation practices that may have been in effect during that 
drought year. Therefore, the water demand estimates do not include the effects of conservation or system losses. 

(b) Based on a per capita water demand of 180 gpcd (assumes 4 percent conservation has been accomplished) 
multiplied by the projected 2020 RUL population of 93,000 persons. This total is 18,751 afa (93,000 persons 
times 180 gpcd times 365 days per year divided by 325,851 cubic feet per acre-foot = 18,751 afa), and would 
include system losses. With 10 percent system losses removed, the actual demand is estimated to be 
17,046 (18,751 divided by 1.1). Therefore, this number does not include system losses or future water 
conservation savings. 

(c) Based on data in the 1997 Master Plan. 
(d) Assumes use of recycled water from the Napa Sanitation District to meet non-potable water demands. 

Non-potable water demand assumed to be 25 percent of previous total water demand of 400 af. 
(e) The current total includes non-potable water demands that will be met with recycled water at build out; 

consequently, the non-potable portion of the golf course demands were removed as follows: 998 gpd/acre (see 
Table 8) x 160 acres (2020 Lot Size) x 0.9 (% Turf at Build Out) = 143,712 gpd or 161 af. 

(f) The current total includes non-potable water demands that will be met with recycled water at build out; 
consequently, the non-potable portion of the Kennedy Park demands were removed as follows: 134 gpd/acre (see 
Table 8) x 180 acres (2020 Lot Size) x 0.2 (% Turf at Build Out) = 4,824 gpd or 5.4 af. 

(g) Data provided by the City. 
(h) 17,046 afa from 2020 increased by 0.5 percent per year. 
(i) 1997 Master Plan used 6 percent; however, new data indicated a higher percentage of lost water (9-12 percent), 

so a value of 10 percent was used for the revised projected water demand. 
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Table A-3. Historical Per Capita Water Demand Factors 

Year 

Average 
Annual Water 

Production 
for City 

Use(a), mgd 

Estimated 
Population 
Served(b) 

Total Water 
Demand 

Factor, gpcd 

Average 
Annual 

Water for 
Residential 
Use(a), mgd 

Residential 
Water 

Demand 
Factor, gpcd 

1980 10.22 59,919 171 No Data No Data 
1981 10.85 60,898 178 No Data No Data 
1982 10.39 61,878 168 No Data No Data 
1983 10.80 62,857 172 No Data No Data 
1984 11.51 63,837 180 No Data No Data 
1985 12.13 64,816 187 No Data No Data 
1986 11.49 65,776 175 No Data No Data 
1987 12.86 66,736 193 No Data No Data 

Pre-Drought Average (1980-1987) 178 

1988 11.56 67,696 171 No Data No Data 
1989 11.66 68,656 170 6.85 100 
1990 11.56 69,616 166 7.24 104 
1991 8.76 70,357 125 5.74 82 
1992 9.93 71,099 140 6.38 90 
1993 10.77 71,840 150 6.70 93 
1994 10.90 72,390 151 7.45 103 
1995 11.66 74,867 156 7.58 101 
1996 12.12 73,480 165 7.62 104 

Drought and Post-Drought Average 
(1988-1996) 155  97 

1997 13.40 74,843 179 8.19 109 
1998 12.39 76,027 163 7.35 97 
1999 13.45 76,516 176 8.05 105 
2000 13.72 78,959 174 8.19 104 
2001 14.19 80,478 176 8.55 106 
2002 14.39 80,661 178 8.51 105 

Recent Years (Wet) Average 
(1997-2002) 174 104 

(a) Excludes deliveries to American Canyon, Calistoga, Yountville, and St. Helena. 
(b) Includes population within the RUL, and estimated population served in the County areas 

outside the RUL. 
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Table A-4. Present and Projected Water Demand within the RUL Based on 
Per Capita Projection Method(a) 

Year Population(a) 

Water Demand 
with 4% Water 
Conservation 

(mgd)(b) 

Water Demand 
with 4% Water 
Conservation 
(MG/year)(b) 

Water Demand 
with 4% Water 
Conservation 

(afa)(b) 

Projected 
Annual Water 

Demand with an 
Additional 6% 

(afa)(c) 

1992 68,409 12.0 4,390 13,490 — 
2002 77,471 14.5 5,299 16,263 — 
2005 81,200 14.6 5,335 16,372 16,372 
2010 86,000 15.5 5,650 17,340 16,646 
2020 93,000 16.7 6,110 18,751 17,626 
2030 97,756 17.6 6,427 19,725 18,541 
2040 102,755 18.5 6,756 20,734 19,490 
2050 108,010 19.4 7,096 21,779 20,471 

(a) Population within RUL. 
(b) Based on per capita water demand factor of 180 gpcd, which already includes a 4 percent savings due to 

water conservation, compared to the mid-1980’s. 
(c) Water conservation programs have already saved an estimated 4 percent, with increased conservation 

efforts being planned by the city, and are estimated to save an additional 4 percent from 2006 to 2010, 
and up to an additional 2 percent by 2020. This would bring the total savings to 10 percent. 

(d) Based on an assumed growth rate of 0.5 percent following buildout. 
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Figure A-1. City of Napa Historical Annual Water Production by Source (1980-2002)
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Figure A-2.  City of Napa Historical  Monthly Water Production by Source
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Figure A-3.  City of Napa Historical Annual Water Delivery (1991-2002)
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Figure A-4.  City of Napa Historical Annual City Customer Water Sales (1991-2002)
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Figure A-5.  City of Napa Historical and Projected Water Consumption (1990 - 2050)
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Figure A-6.  City of Napa Historical Per Capita Water Use (1980-2002)
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APPENDIX B. CITY OF AMERICAN CANYON 
MUNICIPAL AND INDUSTRIAL DEMANDS  

INTRODUCTION 

To update projected water demands, the following data were analyzed: 

• Historical Annual Production by Source 

• Historical Monthly Production By Source 

• Historical and Projected Total Annual Water Consumption 

• Historical Per Capita Water Demand 

HISTORICAL ANNUAL PRODUCTION BY SOURCE 

The total annual production by source is shown in Figure B-1 for the years 1991 through 2002. 

American Canyon receives water from the North Bay Aqueduct (treated at the American Canyon 
Water Treatment Plant on Lynch Road), treated water from the City of Vallejo, and treated water 
from the City of Napa. 

HISTORICAL MONTHLY PRODUCTION BY SOURCE 

Water use in the City of American Canyon rises in summer months to meet landscape irrigation 
and other exterior water demands, and declines in winter months, as shown on Figure B-2. Water 
supply and distribution facilities must be planned with sufficient capacity to meet the high 
demands occurring in summer months. 

HISTORICAL ANNUAL WATER USE BY LAND-USE TYPE 

Historical water demand by land-use type has not been tracked by the City of American Canyon. 
However, unit water demands were estimated in the 2003 American Canyon Water Master Plan, 
and were used to estimate future water demands in the following section. 

HISTORICAL AND PROJECTED TOTAL ANNUAL WATER CONSUMPTION 

The projected water demands at buildout of the adopted General Plan are based on land use and 
estimated water use by land use type, as shown on Tables B-1 and B-2. 

Table B-1 estimates future water demands based on projected land use information provided to 
WYA by City staff and water use factors provided in the 2003 Water Master Plan. However, the 
2003 Water Master Plan also independently estimates the City’s buildout water demand. A 
comparison of these water demand projections is shown in Table B-2. It is not clear why the land 
use acreages in these two cases are different. Officially, the current General Plan has designated 
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6,300 afa as the buildout water demand. Therefore, for the purposes of this analysis, the current 
General Plan projected demand of 6,300 afa will be used for the buildout condition. 

The City is assumed to have reached total buildout by 2015; however, it is anticipated that growth 
would continue at some nominal rate, either through increased densification of housing or 
through expansion of the General Plan area. Therefore, the projected demand for the Year 2015 
has been projected to the Year 2050 at a rate of 0.5 percent per year to account for this nominal 
post-buildout growth. The historical and projected growth in demand is shown in Figure B-3. 

HISTORICAL PER CAPITA WATER DEMAND 

Historical per capita water demand for the City of American Canyon’s water service area is 
shown in Figure B-4. As this figure shows, per capita water use remained fairly stable at 
approximately 150 gpcd until 1987, when it jumped to the low 200’s. In 1991 the demand 
dropped again to near 150 gpcd and has been rising slightly ever since. Current per capita water 
demand is approximately 220 gpm. 

The per capita demands for each year from 1980 to 2002 are presented in Table B-3. 

The average over the entire period is 172 gallons per capita per day (gpcd). The average over the 
8-year pre-drought period is 152 gpcd. The per capita water demand for the drought and immediate 
post-drought years was 171 gpcd, with a low of 147 gpcd in 1991. Per capita demand has been 
rising since the early 1990’s, and has met or exceeded that experienced in the predrought years. 
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Table B-1. Projected Water Demands  

 Land Use Type  

 
Category SFR Mobile MFR 

Group 
Care Comm Rest. Lodging Office 

Ware-
houses Industrial 

Elem. 
School 

Gov’t 
Office Recreation 

Total 
Demand 

Units DU DU DU Beds KSF Seats rooms KSF KSF KSF Enroll. Emp. acres — 

Existing (2000)               

Land Use Units 4,021 719 44 190 318 880 0 460 1,824 725 895 22 37  

Unit Water Demand, gpd/unit 335 210 210 100 155 25 40 155 155 155 15 25 1,500  

Customer Demand (mgd) 1.35 0.15 0.01 0.02 0.05 0.02 0 0.07 0.28 0.11 0.01 0.0 0.06 2.13 

2006               

Land Use Units 5234 719 461 190 729 960 250 1,431 3,378 4,628 1,395 68 349  

Unit Water Demand, gpd/unit 335 210 210 100 155 25 40 155 155 155 15 25 1,500  

Customer Demand (mgd) 1.75 0.15 0.10 0.02 0.11 0.02 0.01 0.22 0.52 0.72 0.02 0.0 0.52 4.18 

Buildout (2015)               

Land Use Units 5343 719 668 190 902 787 665 3,217 5,348 7,434 2,445 70 922  

Unit Water Demand, gpd/unit 335 210 210 100 155 25 40 155 155 155 15 25 1,500  

Customer Demand (mgd) 1.79 0.15 0.14 0.02 0.14 0.02 0.03 0.50 0.83 1.15 0.04 0.0 1.38 6.19 
Source: 2003 City of American Canyon Water Master Plan, HydroScience Engineers, Inc. February 2003 

Notes: 
SFR = Single Family Residential 
MFR = Multi-Family Residential 
Comm = Commercial 
Rest. = Restaurants 
KSF = Thousand Square Feet 
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Table B-2. Comparison of Land Use Data Calculations 

Demand Period Draft Water Master Plan Table B-1 Difference 
Present (2000), mgd 2.18 2.13 0.05 
2006, mgd 4.18 4.18 0.00 
Buildout (2015), mgd 5.56 6.19 0.63 
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Table B-3. Historical Per Capita Water Demand Factors 

Year 

Annual Water 
Production for City 

Use(a), mgd 

Estimated 
Population 
Served(b) 

Total Water 
Demand Factor, 

gpcd 

1980 0.87 5,708 152 
1981 0.91 5,908 154 
1982 0.86 6,108 141 
1983 0.87 6,307 137 
1984 0.97 6,507 149 
1985 1.01 6,707 151 
1986 1.02 6,907 148 
1987 1.33 7,107 187 

Pre-Drought Average (1980-1987) 152 

1988 1.40 7,306 192 
1989 1.51 7,506 201 
1990 1.55 7,706 201 
1991 1.22 7,976 152 
1992 1.26 8,247 153 
1993 1.25 8,517 147 
1994 1.35 8,741 154 
1995 1.47 8,689 170 
1996 1.52 8,849 172 

Drought and Post-Drought Average (1988-1996) 171 

1997 1.61 8,960 180 
1998 1.57 9,056 174 
1999 1.82 9,128 199 
2000 1.95 9,375 208 
2001 2.18 10,093 216 
2002 2.48 11,280 220 

Recent Years Average (1997-2002) 199 
(a) Draft Water Master Plan Update, February 2003, HydroScience Engineers, Inc. 
(b) 1980, 1990, and 1993 through 2002 from City of American Canyon Planning Dept. Other years 

are straight-line interpolation. 
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Figure B-1.  City of American Canyon Historical Annual Water Production

1,102

1,225

1,493
1,594

1,699
1,788 1,761

2,038

2,187

2,447

2,780

1,382

-

500

1,000

1,500

2,000

2,500

3,000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Month-Year

W
at

er
 P

ro
du

ct
io

n 
(a

cr
e-

fe
et

)

American Canyon's NBA Water Supply From City of Napa From City of Vallejo



FINAL

Last Revised:  08/12/03
j:\clients\423\03-01\admin\finaltmsrev\tm2\tm2app\appB West Yost & Associates

Figure B-2.  City of American Canyon Historical Monthly Water Production (1991 - 2002)
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Figure B-3.  City of American Canyon Historical and Projected Water Consumption 
(1990 - 2050)
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Figure B-4.  City of American Canyon Historical Per Capita Water Use (1980-2002)
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APPENDIX C. TOWN OF YOUNTVILLE 
MUNICIPAL AND INDUSTRIAL DEMANDS 

INTRODUCTION 

To update the Town of Yountville’s projected water demands, the following data were analyzed: 

• Historical Annual Production by Source 

• Historical Monthly Production By Source 

• Historical Annual Water Use by Land-Use Type 

• Historical and Projected Total Annual Water Consumption 

• Historical Per Capita Water Demand 

HISTORICAL ANNUAL PRODUCTION BY SOURCE 

The total annual production by source is shown on Figure C-1 for the years 1981 through 2002. 

Yountville receives North Bay Aqueduct (NBA) water, which is treated at the City of Napa’s 
Jameson Canyon water treatment plant and delivered to Yountville through the Conn 
transmission main, and water treated at the Rector water treatment plant (State of California 
facility), and delivered to Yountville through the Rector transmission main. 

HISTORICAL MONTHLY PRODUCTION BY SOURCE 

Water use in Yountville rises in summer months to meet landscape irrigation and other exterior 
water demands, and declines in winter months, as shown on Figure C-2. Water supply and 
distribution facilities must be planned with sufficient capacity to meet the higher demands that 
occur during summer months. 

HISTORICAL ANNUAL WATER USE BY LAND-USE TYPE 

Water deliveries to Yountville’s retail customers and other major users are shown on Figure C-3. 
Yountville does not have any industrial water demand. 

An estimation of Yountville’s water use by customer based on data provided to WYA by 
Yountville is shown in Table C-1 and Figure C-3. The unaccounted-for water was calculated by 
subtracting the Total Consumed, shown in Figure C-3, from the Total Purchased. 

The unaccounted-for water ranges from 3 percent to 5 percent of the Total Water Purchased. 
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HISTORICAL AND PROJECTED TOTAL ANNUAL WATER CONSUMPTION 

The projected water demands for buildout based on land use are shown in Table C-2 and on 
Figure C-4. 

Yountville’s projected water demands were estimated based on historical water use, land use and 
population projections, and were modified to reflect implementation of a water conservation and 
demand management plan. The unit demands prepared using the two methods were compared and 
found to be in close agreement. The unit demands calculated based on land use were selected, 
since these more accurately reflect the water demands of visitors and tourists. 

The existing and buildout water demands of Yountville were determined by multiplying the unit 
water demands by the number of existing and planned land use units. It is believed by Yountville 
staff that, for the 2000 through 2003 period, the 2003 land use data provide the most accurate 
representation of the numbers of land use units. Therefore, the existing water demands were 
based on land use in 2003. The buildout demands depend on the ultimate land use. Two possible 
build-out scenarios (BOS), which were provided by Yountville planning staff, were used to 
project water demands: 

1. BOS1, known development projects, plus full development of the remaining lots and 
maximum allowed in-fill density. 

2. BOS2, full development of remaining lots at less than maximum densities and average 
allowed in-fill density. 

Yountville is assumed to have reached total buildout by 2010; due to growth restrictions, it is not 
anticipated that growth would continue beyond buildout. The historical and projected growth in 
demand is shown in Figure C-5. 

HISTORICAL PER CAPITA WATER DEMAND 

Historical per capita water demand for Yountville’s water service area is shown on Figure C-6. 
As this figure shows, per capita water use has trended slightly upward throughout the period of 
record, with occasional reduced demand. The per capita demands for each year from 1981 to 
2002 are presented in Table C-3. 

The average over the entire period is 211 gallons per capita per day (gpcd). The average over the 
7-year pre-drought period is 207 gpcd. The per capita water demand for the drought and 
immediate post-drought years was 203 gpcd, with a low of 178 gpcd in 1996. Per capita demand 
has been rising since the early 1980’s. Per capita water demands have steadily increased, 
suggesting that more emphasis needs to be placed on conservation activities. 
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Table C-1. Profile of Water Use for the Town of Yountville, afa 

Land Use Category FY 2000 FY 2001 FY 2002 FY 2003(b) 

Residential 
Single Family Residential 63,165 62,558 62,020 60,781 
SFR outside of Town 6,960 6,822 7,444 7,698 
Condo/Townhouse 6,200 6,295 7,782 6,611 
Condo/Landscape 16,314 12,126 12,708 9,478 
Multi-Family Residential 4,818 5,127 5,545 5,754 
Mobile Home Parks 10,482 16,394 20,842 15,322 

Commercial 
Commercial/retail 8,974 10,135 8,138 6,662 
Restaurant/Bar 10,372 14,216 10,598 8,628 
Hotel/Inns 18,283 22,557 20,224 18,340 

Institutional 
Adventist Home 6,559 5,272 5,962 4,137 
Church 1,586 1,664 2,182 1,794 
School 3,645 2,487 3,009 2,544 

Municipal 
Public Facilities 1,300 1,238 1,335 998 
Public Landscape 5,607 3,115 3,591 2,471 

Total, kgal 164,269 170,009 172,997 151,217 
Total, acre-feet 504 522 531 464 

(a) Based on metered water sales data provided by Town staff. 
(b) The low recorded water demands for the year 2003 are believed to be caused by 

faulty meters and do not represent decreased water demands. Therefore, the 
data from FY 2003 were not used to calculate the Recommended Updated Unit 
Demands shown in Table 2-4.  

 



FINAL 

West Yost & Associates J:\clients\423\03-01\admin\finaltmsrev\tm2\tm2app\appC 

Table C-2. Projected Demand at Buildout of the General Plan Based on Land Use 

Estimated for 2003(a) BOS1(b) BOS2(c) 
Land Use Category 

Unit  
Type 

Unit Demand, 
Kgal/year No. of units Demand, kgal/year No. of units Demand, kgal/year No. of units Demand, kgal/year 

Residential 

Single Family Residential Units 114 549 62,851  708 81,053  672 76,932  

SFR outside of Town Units 202 35 7,075  35 7,075  35 7,075  

Condo/Townhouse Units 39 175 6,877  175 6,877  175 6,877  

Condo/Landscape(d) Acres 762 18 13,716  10 7,620  10 7,620  

Multi- Family Residential Units 63 82 5,163  155 9,760  120 7,556  

Mobile Home Parks Units 50 319 15,906  319 15,906  319 15,906  

Commercial 

Commercial/retail SF 0.07 126,951 9,082  165,574 11,846  157,069 11,237  

Restaurant/Bar Seats 13 907 11,729  907 11,729  907 11,729  

Hotel/Inns Rooms 59 345 20,355  465 27,435  427 25,193  

Institutional 

Adventist Home Persons 66 90 5,931  90 5,931  90 5,931  

Church total 604 3 1,811  3 1,811  3 1,811  

School Students 16 166 2,581  166 2,581  166 2,581  

Municipal 

Public Facilities total 1,291 1 1,291  1 1,291  1 1,291  

Public Landscape Acres 513 8 4,104  20 10,261  20 10,261  

Subtotal, kgal/year    168,472   201,174   191,999  

Subtotal, af/year    517   617   589  

Estimated System Losses, af/yr(e)    52   62   59  

Total Demand, af/yr   569   679   648  

(a) Demand projected using existing land use data for 2003, multiplied by the unit water demands recommended in Table 2-4. 
(b) BOS1: Buildout Scenario 1 — full development of the remaining lots and allowed in-fill, based on known development projects. 
(c) BOS2: Buildout Scenario 2 — full development of remaining lots at less than maximum densities and average allowed in-fill. 
(d) Landscape irrigation of Vista Condominiums, representing approximately 8 acres, was removed from the Town potable water system in FY 2004. 
(e) Estimated using an assumed loss rate of 10 percent. 
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Table C-3. Historical Per Capita Water Demand Factors 

Year 

Total 
Demand, 

gpd(a) 

Estimated 
Population 
served(b) 

Total Per Capita 
water Demand, 

gpcd 

Total Demand 
for Residential 

Use, gpd 

Residential per 
Capita Water 

Demand, gpcd 
1981 293,823 1,485 198 No Data No Data 
1982 288,497 1,521 190 No Data No Data 
1983 284,274 1,558 182 No Data No Data 
1984 346,477 1,594 217 No Data No Data 
1985 347,182 1,631 213 No Data No Data 
1986 364,607 1,668 219 No Data No Data 
1987 395,467 1,704 232 No Data No Data 

Pre-Drought Average (1981-1987) 207   

1988 368,919 1,741 212 No Data No Data 
1989 405,242 1,777 228 No Data No Data 
1990 327,926 1,836 179 No Data No Data 
1991 380,258 1,860 204 No Data No Data 
1992 373,589 1,884 198 No Data No Data 
1993 387,511 1,909 203 No Data No Data 
1994 446,182 1,933 231 285,405 148 
1995 375,489 1,957 192 311,608 159 
1996 352,371 1,981 178 294,266 149 

Drought and Post-Drought Average 
(1988-1996) 203  152 

1997 510,926 2,005 255 300,545 150  
1998 425,907 2,030 210 270,934 133  
1999 455,285 2,054 222 292,504 142  
2000 464,592 2,078 223 297,542 143  
2001 491,011 2,083 236 318,655 153  
2002 468,426 2,087 224 338,192 162  

Recent Years Average (1997-2002) 228  147 
(a) From Town of Yountville 
(b) California Department of Finance – Total population minus Group Quarters for years 

1990 through 2002. Linear interpolation for earlier years from 1980 Census data. 
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Figure C-1. Town of Yountville Historical Annual Water Purchases by Source (1981 - 2002)
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Figure C-2.  Town of Yountville Historical Monthly Water Purchases (1991 - 2002)
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Figure C-3.  Town of Yountville Historical Water Consumption (FY 2000-2002)
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Figure C-4.  Town of Yountville Projected Water Consumption Based on Land Use
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Figure C-5.  Town of Yountville Historical and Projected Water Consumption (1990 - 2050)
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Figure C-6. Town of Yountville Historical Per Capita Water Use (1980-2002)

198
190

182

217 213
219

232

212

228

179

204
198 203

231

192

178

255

210
222 223

236
224

148
159

150

133
142 143

153
162

149

-

50

100

150

200

250

300

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Fiscal Year

Pe
r C

ap
ita

 W
at

er
 C

on
su

m
pt

io
n 

(g
pc

d)

Total Per capita Demand

Residential Per Capita Water Demand

Note:  Overall per capita use includes unaccounted-for water.



APPENDIX D 
City of St. Helena Municipal and Industrial Demands 

 



FINAL 

West Yost & Associates D-1 j:\clients\423\03-01\admin\finaltmsrev\tm2\tm2app\appD 

APPENDIX D. CITY OF ST. HELENA 
MUNICIPAL AND INDUSTRIAL DEMANDS 

INTRODUCTION 

To update the City of St. Helena’s projected water demands, the following data were analyzed: 

• Historical Annual Production by Source 

• Historical Monthly Production By Source 

• Historical Annual Water Use by Land-Use Type 

• Historical and Projected Total Annual Water Consumption 

• Historical Per Capita Water Demand 

Much of the information contained in this appendix was developed as part of the City of 
St. Helena’s 2003 Urban Water Management Plan, prepared by West Yost & Associates. 

HISTORICAL ANNUAL PRODUCTION BY SOURCE 

The City of St. Helena’s total annual production by source is shown on Figure D-1 for the years 
1990 through 2002. 

St. Helena receives water primarily from Bell Canyon Reservoir (treated at the Louis Stralla 
Water Treatment Plant), with supplemental water supplied by groundwater (Stonebridge Well) 
and the Lower Reservoir (irrigation and other non-potable uses). Emergency potable water has 
been supplied by the City of Napa. 

HISTORICAL MONTHLY PRODUCTION BY SOURCE 

Water use in the City of St. Helena rises in summer months to meet landscape irrigation and other 
exterior water demands, and declines in winter months, as shown on Figure D-2. Water supply 
and distribution facilities must be planned with sufficient capacity to meet the higher demands 
occurring in summer months. 

HISTORICAL ANNUAL WATER USE BY LAND-USE TYPE 

An estimation of the water deliveries to the City’s retail customers both inside and outside City 
limits are shown in Table D-1 and on Figure D-3.  

The unaccounted-for water was calculated by subtracting the Total Consumed from the Total 
Produced. 

The unaccounted-for water ranges from 1 percent to 16 percent of the total water produced, with 
one aberrant data point in 2000 showing a negative amount of unaccounted-for water. 
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HISTORICAL AND PROJECTED TOTAL ANNUAL WATER CONSUMPTION 

Projected land uses were not available at the time of this analysis. 

The historical and projected water consumption based on per capita water demands is shown in 
Figure D-4. St. Helena is anticipated to reach buildout of its maximum carrying capacity based on 
General Plan land uses around Year 2050. 

HISTORICAL PER CAPITA WATER DEMAND 

Historical per capita water demand for St. Helena’s entire water service area is shown in Figure 
D-5. As this figure shows, per capita water use trended slightly downward from 1988 through 
1991. Since then, per capita demand has been slowly increasing. 

The per capita demands for each year from 1988 to 2002 are presented in Table D-2 including 
residential and overall per capita water demands for the populations inside and outside City 
limits. Water demands outside City limits are substantially greater than inside City limits due to 
the higher volumes of water used for commercial/winery activities, and the lower number of 
residents per acre. Per capita demand has been rising since the early 1990’s. 

As is evident from Table D-2 and Figure D-5, the drought response actions implemented by the 
City of St. Helena reduced the per capita demand slightly during the drought years and 
immediately following. Per capita water demands, however, have steadily increased, as customers 
may not be as conscious of conservation activities. 

To project future City of St. Helena water demands, per capita demand factors of 228 gpcd and 
413 gpcd were used for inside City customers and outside City customers respectively (these per 
capita demand factors were developed in St. Helena’s 2003 Urban Water Management Plan). This 
per capita demand factor reflects a normal supply year (full-service delivery), and thus does not 
include demand management that would be implemented by the City of St. Helena during a 
drought. Projected water demand based on per capita water use and projected population for 
St. Helena is shown in Table D-3. Water demand, including a 6 percent factor to account for 
distribution system losses, is projected to increase to 2,179 afa by the year 2020, and to 2,458 by 
the year 2050. 
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Table D-1. Profile of Water Use for the City of St. Helena and Vicinity, afa 

 Year 
Water Service Categories 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Residential Inside City 689.1 787.7 783.3 733.4 734.5 765.6 831.1 744.1 848 925.2 1010.5 1007.9 
Residential Outside City 146.5 165.3 178.6 151.5 142.3 142.8 167.1 138.9 168.5 190.1 179.5 179.4 
Commercial Inside City 135.1 159.9 149.5 153.2 141.7 162.4 208.2 186.2 222.3 231.6 242.9 231.5 
Commercial Outside City 15.3 21.9 39.4 40.7 46.3 53.7 52.3 53.6 65.9 92.8 59.8 63.3 
Industrial Inside City 90.7 100.7 110.9 110.2 167.5 130.9 151.9 158.9 177.3 134.1 104.1 128.4 
Industrial Outside City 97.2 97.1 103.4 92.1 113.0 133.8 145.6 174.8 131.8 88.8 102.9 90.6 
Institutional Inside City 86.9 92.8 108.2 106.3 76.5 79.1 93.6 100.4 98.6 230.6 203.3 164.5 
Institutional Outside City 0.4 0.3 0.5 0.6 0.4 0 0 0 0 0 0 0 
Landscape Meters--Inside and Outside City 45.3 40 6.8 7.9 61.1 72.3 81.1 56.2 81.2 79.5 94.7 90 

Total Inside City 1,001.8 1,141.1 1,151.9 1,103.1 1,120.2 1,138 1,284.8 1,189.6 1,346.2 1,521.5 1,560.8 1,532.3 
Total Outside City 259.4 284.6 321.9 284.9 302 330.3 365 367.3 366.2 371.7 342.2 333.3 
Landscape Meters--Inside and Outside City 45.3 40 6.8 7.9 61.1 72.3 81.1 56.2 81.2 79.5 94.7 90 

Total Consumed 1,306.5 1,465.7 1,480.6 1,395.9 1,483.3 1,540.6 1,730.9 1,613.1 1,793.6 1,972.7 1,997.7 1,955.6 
Total Produced 1,430.2 1,735.9 1,633.8 1,465.3 1,500.9 1,706.3 1,779.0 1,647.4 1,856.9 1,896.8 2,114.3 2,290.5 

Unaccounted-for water, acre-feet 124 270 153 69 18 166 48 34 63 -76 117 335 
Unaccounted-for water, % of Production 9% 16% 9% 5% 1% 10% 3% 2% 3% -4% 6% 15% 
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Table D-2. City of St. Helena Historical Per Capita Water Demand Factors 

 Inside City Outside City 

Year 
Total 

Demand, afa Population 

Residential per 
capita water 

demand, gpcd 

Overall per 
capita water 

demand, gpcd
Total 

Demand, afa Population 

Residential per 
capita water 

demand, gpcd

Overall per 
capita water 

demand, gpcd
1988 1,290 4,972 144 232 360 720 279 446 
1989 1,113 4,981 136 199 331 720 249 410 
1990 1,032 4,990 112 185 294 720 201 365 
1991 1,002 5,100 121 175 259 720 182 322 
1992 1,141 5,200 135 196 285 720 205 353 
1993 1,152 5,300 132 194 322 720 221 399 
1994 1,103 5,400 121 182 285 720 188 353 
1995 1,120 5,500 119 182 302 720 176 374 
1996 1,138 5,560 123 183 330 720 177 410 

Drought and Post-Drought Average (1988-1996) 127 192 — — 209 381 
1997 1,285 5,620 132 204 365 720 207 453 
1998 1,190 5,680 117 187 367 720 172 455 
1999 1,346 5,740 132 209 366 720 209 454 
2000 1,522 5,800 142 234 372 720 236 461 
2001 1,561 5,860 154 238 342 720 223 424 
2002 1,532 6,000 150 228 333 720 222 413 

Recent Years Average (1997-2002) 138 217 — — 211 443 
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Table D-3. Present and Projected Water Demand Based on Per Capita Projection Method(a) 

 Inside City Outside City Both Overall 

Year Population(b) 
Per Capita Water 

Demand, gpcd 
Projected Water 

Demand, afa Population(a) 
Per Capita Water 

Demand, gpcd 
Projected Water 

Demand, afa 
Landscape 
Irrigation 

Projected Water 
Demand, afa 

2000 5,800 228 1,481 720 413 335 90 1,906 
2005 6,100 228 1,555 720 413 335 90 1,980 
2010 6,200 228 1,580 720 413 335 90 2,005 
2015 6,300 228 1,606 720 413 335 90 2,031 
2020 6,400 228 1,631 720 413 335 90 2,056 
2030 6,727 228 1,718 720 413 335 90 2,143 
2040 7,070 228 1,805 720 413 335 90 2,230 
2050 7,433 228 1,900 720 413 335 90 2,327 

(a) Does not include unaccounted-for water system losses, estimated to be 6 percent. 
(b) Source: St Helena Urban Water Management Plan, West Yost & Associates, May 2003 for 2000-2020, Population growth was projected at 0.5 percent per year through 2050. The 

General Plan estimated maximum carrying capacity is 7,450 persons, based on General Plan land uses. 
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Figure D-1.  City of St. Helena Historical Annual Water Production (1990-2002)
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Figure D-2.  City of St. Helena Historical Monthly Water Production (1990 - 2002)
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Figure D-3.  City of St. Helena Historical Water Consumption (1988-2002)
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Figure D-4.  City of St. Helena Historical and Projected Water Consumption (1990 - 2050)
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Figure D-5.  City of St. Helena Historical Per Capita Water Use (1988-2002)
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APPENDIX E. CITY OF CALISTOGA 
MUNICIPAL AND INDUSTRIAL DEMANDS 

INTRODUCTION 

To update the City of Calistoga’s projected water demands, the following data were analyzed: 

• Historical Annual Production by Source 

• Historical Monthly Production By Source 

• Historical Annual Water Use by Land-Use Type 

• Historical and Projected Total Annual Water Consumption 

• Historical Per Capita Water Demand 

Much of the data for this appendix was derived from the Water Facilities Plan by Summit 
Engineering, dated August 2000. 

HISTORICAL ANNUAL PRODUCTION BY SOURCE 

The total annual production by source is shown on Figure E-1 for the years 1991 through 2002. 

Calistoga uses local surface water captured in Kimball Reservoir (treated at the City of 
Calistoga’s Kimball Water Treatment Plant) and imported surface water from the State Water 
Project wheeled through the North Bay Aqueduct (treated at the City of Napa’s Jameson Canyon 
Water Treatment Plant). The City of Calistoga also had a groundwater supply, but has now 
discontinued the use of the Fiege Canyon Wells due to elevated water temperatures and taste and 
odor issues. 

HISTORICAL MONTHLY PRODUCTION BY SOURCE 

Water use in Calistoga rises in summer months to meet landscape irrigation and other exterior 
water demands, and declines in winter months, as shown on Figure E-2. Water supply and 
distribution facilities must be planned with sufficient capacity to meet the higher demands 
occurring in summer months. 

HISTORICAL ANNUAL WATER USE BY LAND-USE TYPE 

An estimation of the City retail customer use is shown in Table E-1 and Figure E-3. The 
unaccounted-for water was calculated by subtracting the Total Water Sales from the Total Water 
Produced. The unaccounted-for water ranges from 5 percent to 20 percent of the water produced. 
The percent of unaccounted-for water has been decreasing in recent years. 
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HISTORICAL AND PROJECTED TOTAL ANNUAL WATER CONSUMPTION 

The projected water demands for buildout conditions (2038) based on land use are shown in 
Table E-2. 

Although the projected demands based on land-use are commonly assumed to be more accurate 
than projected demands based on population and per capita water demands, the demands 
projected in Table E-2 are probably high, because of the large quantity of commercial demand 
assumed to be present at buildout. For the total demand calculated in Table E-2 to materialize, 
commercial properties would have to grow at a rate disproportionate to the residential growth 
rate. The City of Calistoga has regulated commercial growth to maintain the present ratio of 
residential to commercial property. The projected demands used in this 2050 Study are based on 
the per capita water demands, discussed below. 

It is significant to point out that the City is assumed to have reached total buildout by 
2038. Beyond buildout, population growth was projected at a nominal rate of 0.25 percent per 
year to account for possible densification of residential areas, or slight changes to the General 
Plan boundaries. The historical and projected growth in demand is shown in Figure E-4. 

HISTORICAL PER CAPITA WATER DEMAND 

Historical per capita water demand and population for Calistoga’s entire water service area is 
shown in Figure E-5. As this figure shows, per capita water use was very high in the early 1970’s 
with a sharp decline during the drought of the mid 1970’s as water use was severely restricted. 
Water use then generally rose, reaching a maximum in 1988. Water demands decreased as the 
drought of the late 1980’s and early 1990’s worsened. Continued emphasis on water conservation 
practices has caused a continued decrease in the per capita water demand since 1988.  

The per capita demands for each year from 1970 to 2002 are presented in Table E-3. The average 
over the entire period is 168 gallons per capita per day (gpcd). The average over the 8-year 
predrought period (1980 to 1987) is 144 gpcd. The per capita water demand for the drought and 
immediate post-drought years was 176 gpcd. Per capita demand has continued to fall since the 
early 1990’s with the average per capita water demands in recent years averaging 160 gpcd. As is 
evident from Table E-3 and Figure E-5, continued efforts on the part of Calistoga to reduce 
potable water demands by effective demand control measures have been effective. 

To project water demands, a per capita demand factor of 169 gpcd was used. This per capita 
demand factor reflects a normal supply year (full-service delivery), and thus does not include 
demand management that would be implemented by the City of Calistoga during a drought. 
Projected water demand based on per capita water use and projected population for Calistoga is 
shown in Table E-4. Water demand is projected to increase to approximately 1,517 af by the year 
2040, and to 1,563 af by the year 2050. 
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Table E-1. Profile of Water Use for the City of Calistoga and Vicinity 

Water Service Categories 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 
Single Family Residential 320 311 316 350 357 354 405 408 409 411 415 427 
Multi-Family Residential 101 101 103 106 123 111 87 84 119 125 141 120 
Commercial 180 199 208 211 210 226 227 222 230 231 216 227 
Industrial 91 95 90 73 89 81 81 85 89 84 72 67 
Sales Outside City — — — — 4 5 6 4 — — — — 
Total Water Sales 692 706 717 740 783 777 806 803 846 851 844 842 
Total Produced 847 874 848 928 844 876 920 860 904 909 888 915 
Unaccounted-for Water 155 168 131 188 61 99 114 57 57.38 58 44 73 
Percent 18% 19% 15% 20% 7% 11% 12% 7% 6% 6% 5% 8% 

Source: City of Calistoga: Water Facilities Plan dated August 2000 with revised data by City of Calistoga July/August 2003. 
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Table E-2. Projected Water Demands Based on Land-Use 

   Existing(a) Buildout 
    Demand Allocation  Demand Allocation

Water Service Categories Unit 

Water 
Factor, 

gpd/unit
Total 
Units 

gallons 
per day 

acre-
feet 

annually
Total 
Units 

gallons 
per day 

acre-
feet 

annually
Single Family Residential DU 236 1,063 250,868 281 2,043 482,148 540 
Mobile Homes DU 208 553 115,024 129 698 145,184 163 
Multi-Family Residential DU 630 121 76,230 85 352 221,760 248 
Commercial acres 8,145 22 179,190 201 157 1,278,765 1,432 
Industrial             
   Bottling Companies acres 18,886 4 75,544 85 8 151,088 169 
   Other Industrial acres 35 3 105 0 11 385 0 
Campgrounds/Public 
Buildings acres 240 77 18,480 21 156 37,440 42 
Total Water Sales     715,441 801  2,316,770 2,595 
Unaccounted-For Water (8%)    62,212 70  201,458 225 
Total Water Demand    777,653 871  2,518,228 2,820 
(a) 1999 data from Water Facilities Plan, Summit Engineering, August 2000. 
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Table E-3. Historical Per Capita Water Demand Factors 

Year 
Total 

Produced, afa Population 
Per Capita Water Use

(Total Produced), gpcd
Per Capita Water Use 

(Residential), gpcd 
1980 597 3,879 137 No Data 
1981 518 3,854 120 No Data 
1982 542 3,973 122 No Data 
1983 644 4,022 143 No Data 
1984 709 4,049 156 No Data 
1985 742 4,066 163 No Data 
1986 774 4,218 164 No Data 
1987 869 4,340 179 No Data 

Pre-Drought Average (1980-1987) 144 No Data 
1988 977 4,374 199 No Data 
1989 912 4,386 186 No Data 
1990 930 4,468 186 No Data 
1991 847 4,480 169 101 
1992 874 4,500 173 98 
1993 848 4,550 166 98 
1994 928 4,640 179 106 
1995 844 4,660 162 110 
1996 876 4,710 166 105 

Drought and Post-Drought Average 
(1988-1996) 176 103 
1997 920 4,760 173 116 
1998 860 4,840 159 115 
1999 904 4,920 164 96 
2000 909 5,190 156 92 
2001 888 5,190 153 96 
2002 915 5,190 157 94 

Recent Years Average (1997-2002) 160 101 
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Table E-4. Present and Projected Water Demand Based on 
Per Capita Projection Method(a) 

Year Population(b) Projected Water Demands, afa 
2005 5,550 1,051 
2010 5,935 1,124 
2020 6,786 1,285 
2030 7,760 1,469 
2040 8,065(c) 1,525 
2050 8,269 1,563 

(a) Based on a per capita water demand factor of 169 gpcd per Water Facilities Plan, Summit 
Engineering August 2000. 

(b) Population growth estimated at the regulated limit of 1.35 percent per year per Draft 2003 General 
Plan. 

(c) Buildout population, according to Draft 2003 General Plan, is 8,025 in year 2038. 
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Figure E-1.  City of Calistoga Historical Annual Water Production 1991-2002
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Figure E-2.  City of Calistoga Historical Monthly Water Production (1991 - 2002)
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Figure E-3.  Calistoga Historical Water Consumption (1991-2002)
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Figure E-4.  Calistoga Historical and Projected Water Consumption (1990 - 2050)
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Figure E-5.  Calistoga Historical Per Capita Water Use (1970-2002)
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TECHNICAL MEMORANDUM NO. 3 
 
 
DATE: October 19, 2005 Project No.:   423-02-03-01 

TO: Don Ridenhour, Project Manager CC: WATRTAC Members 
 
FROM: Gerry Nakano, Project Manager 
 J. J. Westra, Project Engineer 
 
SUBJECT: 2050 Napa Valley Water Resources Study 
 Unincorporated Water Demands 
 

SUMMARY OF FINDINGS/CONCLUSIONS 

This TM summarizes the existing (year 2000) and projected (year 2050) unincorporated water 
demands within the Napa Valley 2050 Water Resources Study Area (Study Area). The 
unincorporated water demands include: rural residential, improved open space (golf courses), 
wineries and crop water demands. Unincorporated water demands are estimated to be 
approximately 39,500 acre-feet annually (afa) in the year 2000 and are projected to increase up to 
approximately 51,500 afa in the year 2050. This increase in agricultural demand is predominately a 
result of existing vineyards ultimately being converted to denser plantings. 

The TM outlines data sources, and procedures for determining existing and future unincorporated 
water demands for the Study Area. Total demands currently anticipated for the Study Area are 
based on unit water demands for various regions and sub-regions in the Study Area. 

SUMMARY OF PROCEDURES 

Unincorporated water demands discussed in this Technical Memorandum (TM) are divided into 
Non-agricultural and agricultural categories. Non-agricultural water demands in the 
unincorporated areas consist of rural residential and improved open space (golf courses). 
Agricultural water demands consist of winery and crop water demands. Because the majority of 
lands within the Study Area are vineyards, significantly more detail regarding vineyard demands 
are discussed in this TM. 

To determine the existing (year 2000) and projected (year 2050) unincorporated water demands 
for the Study Area, the following methodology was employed. The rural residential population 
was multiplied by a per capita water demand to calculate the rural residential water demand. A 
rural residential growth rate of 0.25 percent per year was used to project the population. The 
projected population was then multiplied by the same per capita water demand to calculate the 
2050 water demand. The land area of improved open space (golf courses) was multiplied by the 
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appropriate unit water demand factor to calculate the water demand of improved open space. 
Improved open space water demands were held constant in the 2050 projection. 

Winery water demand was based on vineyard acres multiplied by a unit water demand factor for 
wineries based on vineyard acreage. Future water demands were based upon the increased 
number of vineyard acres planted in 2050. Potential Napa Valley irrigated agricultural land uses 
were grouped into three categories consisting of vineyards, non-vineyard agricultural land, and 
native vegetation. To determine existing water demands, land use categories were multiplied by 
the appropriate unit water demands based upon location and corresponding micro-climate water 
demands within the Napa Valley. Future crop water demands were estimated by assuming the 
conversion of all existing vineyards to a denser (4-foot by 6-foot) vine spacing, and the 
conversion of some portions of native vegetation land use areas with slopes of less than 
30 percent to a dense vineyard spacing by the year 2050. All existing non-vineyard agricultural 
land use areas (and their corresponding higher water duty factors) were assumed to remain. 

AGRICULTURAL WATER DEMAND 

The following data sources were used to calculate the agricultural water demands presented in 
this TM: 

• Aerial photos dated August 2002 

• 1999 DWR land use survey 

• USGS 30 meter Digital Elevation Model data 

• Personal communication with Mr. Steve Soper, Agricultural/Irrigation Consultant 
from The Water Works 

• Groundwater Resources in the Lower Milliken-Sarco-Tulucay Creeks Area, 
Southeastern Napa County California, 2000-2002. Published by the U.S.G.S. 

Aerial photos were taken of the Napa Valley in August 2002 were used as the basis for this 
analysis. These photos were used to verify land use as well as background images for various 
report figures. 

The 1999 Land Use data was obtained from the California Department of Water Resources 
(DWR). Aerial photographs were used by DWR to develop the Land Use survey, taken in late 
June of 1999. This work was compiled with site visits by DWR staff to verify land uses. The 
1999 DWR land use data was used in the Napa 2050 Study since DWR’s land use survey more 
accurately reports land use information. These acreages are also consistent with the 1999 crop 
report prepared by the Napa County Agricultural Commissioner as discussed in subsequent 
sections. To remain consistent with future WYA TM’s, the demands calculated using the 
1999 DWR land use data will be referred to as 2000 water demands. 

Napa County’s GIS Department prepared and delivered land use data containing a complete 
parcel GIS database, including land use, and other data, dated April 2003. WYA attempted to use 
the land use database component, however this database could not be used in the assessment of 
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agricultural lands because entire parcels were designated as a particular land use type, even if 
only a small portion of that parcel contained a particular land use type. 

For purposes of this study, to define the extent of the Napa Valley floor, USGS 30 meter Digital 
Elevation Model (DEM) data was downloaded from the California Spatial Information Library 
(CASIL). This data is based upon a 30-meter by 30-meter pixel grid across the entire Napa County 
area. The extent of the valley floor was then determined based upon aerial photos and lines of 
equal elevation as topography generally increases from south to north up the axis of the valley. 

Percent slope for areas within the Study Area was derived from the DEM using ArcGIS Spatial 
Analyst Version 8.2. This software was able to calculate average slopes using the DEM data 
generated at the center of the 30-meter by 30-meter pixels to define areas into the following slope 
categories; 0-5%, 5-20%, 20-30%, and greater than 30 percent. These categories were used to 
define locations that could and could not be converted to vineyard lands in the future, due to the 
physical limitation of farm equipment to climb terrain having a slope greater than 30 percent. 

Mr. Steve Soper from The Water Works was consulted regarding crop water demands within the 
Study Area. Discussions were based upon Mr. Soper's knowledge of the Napa Valley. Various 
topics of discussion included: water demand factors, existing and future agricultural patterns, and 
identification of various micro-climate locations. Mr. Soper’s discussion with other growers and 
vineyard managers in the Napa Valley verified the water use factors discussed in this TM. 

PROCEDURES 

Based upon discussions with Mr. Soper the Study Area was divided up into eight sub-regions. 
The sub-regions were based upon several factors that included: micro-climate, land use, 
geological features, appellations, and landmarks. The eight sub-regions are described in 
Table 1 and are spatially shown in Figure 1. 

Table 1. Sub-region Description 

Sub-region Number Sub-region Name Sub-region Description 

1 Calistoga North Study Area Boundary south to Lodi Lane 
2 St. Helena Lodi Lane south to Oakville Crossing 
3 Yountville Oakville Crossing south to Oak Knoll Road 
4 Napa Oak Knoll Road south to Imola Avenue 
5 MST Study Area Napa River east to Base of Howell Mountains 
6 Carneros Based upon the Carneros Appellation 
7 American Canyon Imola Avenue south to Napa County Line 
8 Hillside Outside of valley floor yet inside 2050 Study Area
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The hillside sub-region is not included in the water demand analysis section of this TM. 
Generally, the cost of installing water system infrastructure from the valley floor area to these 
more remote hillside areas will be uneconomical and more localized water supplies will have to 
be developed if these areas are to become irrigated agricultural area. Therefore, water demands 
for the hillside sub-region would not be supplied from the groundwater basin beneath the Napa 
Valley floor, and this sub-region water demand were not considered in this Study Area. 

The various land use categories from the 2000 DWR land use survey were analyzed using ArcGIS 
for each sub-region. The various land uses were grouped into three basic categories: existing 
vineyards, existing non-vineyard agricultural lands and native vegetation. Non-vineyard 
agricultural lands consisted of: Subtropical (citrus), Deciduous Trees (apples, cherries, etc), Truck 
Crops (lettuce, melons, onions, etc), Pasture, Idle Lands and Grain (wheat, barley, etc). Each of the 
three basic land use categories were multiplied by a water duty factor to determine crop water 
demand. Because the water demand for existing non-vineyard agricultural lands is actually greater 
than the water demand if these lands were to be converted to vineyards, for the purposes of this 
Study, it was assumed that these areas would remain non-vineyard agricultural into the future. 

Native vegetation was classified within Napa Valley. Native vegetation was not shown for those 
areas with slopes greater than 30 percent for clarity purposes, as these slopes are steeper than 
existing farm equipment can climb. Native vegetation consists of trees and grasses that occur 
naturally within the Napa County. This land is not irrigated and survives off of 
natural precipitation. 

Areas of native vegetation were overlaid with the percent slope map shown in Figure 2 to identify 
areas of native vegetation which are growing on slopes of less than 30 percent. It is significant to 
note that 30 percent slope criteria is the theoretical maximum land slope on which vineyards can 
presently be planted on within Napa County. (There are several county ordinances that prohibit 
the conversion of land greater than 30 percent to vineyards, and it is extremely difficult for 
vineyard equipment to climb a 30 percent slope). For the purposes of this Study, it was assumed 
that the estimated acreage of native vegetation less than 30 percent slope would be converted to 
vineyards by the year 2050. 

The DWR land use survey which contained the native vegetation land use category also had to be 
adjusted in several areas. One area was the Napa County airport which was classified as native 
vegetation. Because one of the purposes of the 2050 Study is to project the number of acres of 
native vegetation that could be converted to vineyards in the future and since there is little 
potential for the airport to convert to an irrigated agricultural area, this area was not considered as 
land that was available for conversion to vineyards by the year 2050. 

A second example would be the northern portions of the Napa River. While it would be correct to 
classify the Napa River as native vegetation, this land cannot be converted to vineyards in the 
future. These land types were removed from the database as possible future vineyard sites. 
Approximately 7,700 acres originally classified as native vegetation was not considered to be 
available for conversion in our water demand calculations. The net of these calculations produce a 
total native vegetation acreage of approximately 30,400 acres. 
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Existing and future water demands for vineyards were assigned for each of the various 
sub-regions. The unit water demands were based upon discussion with Mr. Soper. Total unit 
water demands for vineyards included heat and frost protection. The average vine spacing for 
existing vineyards was six feet by ten feet, which results in 726 vines per acre. Vine densification 
was assumed to occur in the future, and future vine spacing was assumed to average four feet by 
six feet, which results in a density of 1,815 vines per acre. 

Vines planted at a density of 726 vines per acre are irrigated from 100 to 250 gallons per vine per 
year, while vines planted at a density of 1,815 vines per acre are irrigated at 100 to 110 gallons 
per vine per year (depending on micro-climate location). 

For existing non-vineyard irrigated agricultural lands, no distinction was made between actual 
crop types. The acreages were summed together and an average unit water demand of three 
acre-feet per acre per year was assigned to this category. Because the water demand on existing 
non-vineyard irrigated agricultural land is actually greater than the water demand if these lands 
were to be converted to vineyards, for the purposes of this Study, it was assumed that these area 
would remain irrigated non-vineyard agricultural land into the future. 

Total crop water use for the Study Area was calculated by multiplying the unit water demands by 
the total number of acres in each sub-region and then summing all of the sub-region demands. 
Future water demands were calculated in a similar manner. It was assumed the existing vineyards 
planted at 726 vines per acre and native vegetation existing on slopes of less than 30 percent 
would be converted to vineyards, at a density of 1,815 vines per acre by the year 2050. 

NON-AGRICULTURAL WATER DEMANDS 

Non-agricultural water demands in the unincorporated areas of the Study Area consist of rural 
residential and improved open space. The rural residential population is primarily contained in the 
communities of Angwin and Deer Park and on the Napa Valley floor, outside of the incorporated 
areas. The improved open space areas consist of cemeteries, golf courses and public institutions. 

Rural Residential 

The Napa Valley rural residential population is spread throughout the County, but is found in 
greater concentration in the communities of Angwin and Deer Park, both located north of 
St. Helena. As of the 2000 Census, there were 3,148 residents of Angwin, and 1,433 residents of 
Deer Park, for a total of 4,581 for the two communities. The 1990 Census and the 1980 Census 
indicated a population of 5,328 and 4,980, respectively for the two communities. The 1991 Study 
estimated a County rural residential total population of approximately 23,300 persons as of 1990. 

The Study Area for this project includes Deer Park, but does not include Angwin or the rural 
areas around Lake Berryessa. The total rural population within the current project’s Study Area is 
approximately 20,600 persons, of which approximately 13,700 live on the valley floor, 4,800 live 
in the Milliken-Sarco-Tulucay region north and east of Napa as reported by the 2002 USGS MST 
study, and 2,100 live in the Carneros region west of Napa. A unit water use factor of 150 gallons 



Technical Memorandum No. 3 FINAL 
October 19, 2005 
Page 8 
 
 

West Yost & Associates J:\clients\423\03-01\admin\finaltmsrev\tm3 

per capita per day was assigned to rural residential areas. The estimated water demands for these 
residents are summarized in Table 2. 

Table 2. Estimated Existing and Projected Rural Residential Water Demand 

2000 2020 2050  
 
 

Region 

 
 

Population 

Water 
Demand, 

afa(a) 

 
 

Population

Water 
Demand, 

afa 

 
 

Population 

Water 
Demand, 

afa 

Main Basin(b) 13,700 2,300 14,430 2,420 15,520 2,750 
MST(c) 4,800 800 5,045 850 5,440 960 
Carneros(d) 2,100 350 2,200 370 2,380 420 

Total 20,600 3,450 21,675 3,640 23,340 4,130 
(a) Water demand assumes a water use factor of 150 gallons per capita per day. 
(b) Main Basin includes the valley floor. 
(c) MST (Milliken-Sarco-Tulucay) is the lower watersheds of those creeks, north and east of Napa. 
(d) Carneros is the region west of Napa that drains into the Carneros Creek. 

A rural residential growth rate of 0.25 percent per year was used to project water demands to 
2050 although between the 1990 and 2000 census years, the rural residential population actually 
decreased by approximately 0.25 percent per year. 

Improved Open Space 

Improved open space consists of cemeteries, golf courses and public institutions although the 
primary land use in this category in the unincorporated portions of the Napa Valley is golf courses. 
Chardonnay Vineyard golf course and Eagle Vines golf course are the only improved open space 
areas identified in the unincorporated areas of the Main Basin. The two golf courses identified in 
the MST region are Silverado and Napa Valley Country Club, and the improved open space area is 
taken directly from the 2002 USGS MST study. The only golf course in the Carneros region is the 
privately owned Vineyard Knolls golf club. 

Due to the amount of improved open space compared to other areas, discussed in more detail in 
subsequent sections of the TM, the unit water demands are not based upon micro-climates and are 
assigned a constant unit water demand of 4 af/ac as used in the 2002 USGS MST Study. Due to 
the cost of land, it is assumed that these golf courses would not expand and the areas are held 
constant under future conditions. The estimated existing and projected improved open space is 
shown in Table 3. 
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Table 3. Estimated Existing and Projected Improved Open Space Water Demand 

2000 2020 2050  
 
 

Region 

 
 

Area, ac 

Water 
Demand, 

afa(a) 

 
 

Area, ac 

Water 
Demand, 

afa(a) 

 
 

Area, ac 

Water 
Demand, 

afa(a) 

Main Basin(b) 278 1,111 278 1,111 278 1,111 
MST(c) 391 1,564 391 1,564 391 1,564 
Carneros(d) 24 96 24 96 24 96 

Total 693 2,771 693 2,771 693 2,771 
(a) Water demand assumes a water use factor of 4 acre-feet annually per acre. 
(b) Main Basin includes the valley floor. 
(c) MST (Milliken-Sarco-Tulucay) is the lower watersheds of those creeks, north and east of Napa. 
(d) Carneros is the region west of Napa that drains into the Carneros Creek. 

AGRICULTURAL WATER DEMANDS 

The primary agricultural water demands in the Napa Valley are vineyard related. Agricultural 
water demands consist of winery and crop water demands. Because the Napa Valley is 
extensively irrigated, significantly more detail regarding crop water demand is presented in the 
following section of this TM. 

Winery Water Demand 

Winery water demands for the unincorporated areas of the County were calculated by WYA using 
the Final Environmental Impact Report for the Napa County Winery Definition Ordinance 
(LSA Associates December 1989), the Napa County Wine Industry Growth Master Environmental 
Assessment, Part III Industry Projections (Agland Investment Services, Inc., December 1989), 
information provided by growers, and WYA estimates of projected vineyard areas as discussed in 
the following section. 

In the above referenced documents, winery growth was projected to the year 2010. Continuing 
the projected growth through the year 2050 resulted in unreasonably high estimates of winery 
water demand. It is generally believed that the winery growth cannot exceed vineyard production 
due to the Winery Definition Ordinance, which limits the amount of wine grapes that a winery 
can import and still claim to be a “Napa Valley” wine. Under the Winery Definition Ordinance, a 
“Napa Valley” winery can import up to 25 percent of the wine grapes used in the production of 
the wine. 

Therefore, WYA calculated an estimated gross unit water demand for wineries. This estimate 
takes into consideration historical winery water demands that, prior to the Winery Definition 
Ordinance, allowed greater than 25 percent of the grapes used in a “Napa Valley” label to be 
imported from outside the County. Thus, the projected water demands could be considered to be 
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conservative. Because the only parameter related to wine production and winery water use that 
was projected to the year 2050 was vineyard acreages, WYA normalized the current winery water 
demand per vineyard acre by using the following factors calculated from data in the Winery 
Ordinance Environmental Impact Report: 

• Tons of grapes per acre 

• 25 percent imported grapes 

• Gallons of wine per ton of grapes 

• Gallons of water per gallon of wine 

WYA found the total projected winery water demand is considerably smaller than the water 
demand required to irrigate the actual vineyards, or the M&I water demand (discussed in TM 2). 
Therefore, any variability in the winery water demand calculations will essentially be 
inconsequential to the total Napa Valley water supply and demand situation. 

WYA calculated the approximate winery water demand to be 12,350 gallons per year per acre 
of vineyard, which is larger than the more typical factor of approximately 7 gallons of water 
demand per gallon of bottled wine. 

Although wineries are not necessarily located adjacent to the respective vineyard, it was assumed 
winery water demands would be proportional to the amount of vineyards planted in each sub-region. 

The estimated area of vineyards and the estimated existing and projected winery water demands 
are shown in Table 4. 

Table 4. Estimated Existing and Projected Winery Water Demand 

  2000 2000 2020 2020 2050 2050 

Region 
Vineyard 
Area, ac 

Winery 
Demand, 

afa 
Vineyard 
Area, ac 

Winery 
Demand, 

afa 
Vineyard 
Area, ac 

Winery 
Demand, 

afa 
Main Basin 25,689 974 26,970 1,022 29,012 1,100 
MST 2,301 87 2,640 99 3,134 119 
Carneros 6,823 259 7,345 278 8,203 311 
Total 34,813 1,319 36,919 1,400 40,349 1,530 

 

Crop Demands 

The Napa Valley floor was subdivided into seven sub-regions. The Main Basin consists of 
sub-regions 1-4 and sub-region 7 as previously shown in Figure 1. The MST Study Area and the 
Carneros area are sub-regions 5 and 6, respectively. Existing and projected crop water demands 
are discussed in the following section. 
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Existing Crop Water Demands 
Areas of cropped lands were calculated using 2000 DWR land use survey as shown in Figure 3. 
There were approximately 34,800 acres of vineyards and approximately 2,200 acres of 
non-vineyards grown within the valley floor including MST and Carneros areas as shown in 
Table 5. All types of vineyards such as, bearing, non-bearing, black, and white vine varieties were 
accounted for. It was assumed that the existing vineyards were planted on an average spacing of 
six feet by ten feet, which equates to 726 vines per acre. 

Table 5. Existing Crop Water Demands 

(1) (2) (3) (4) (5) (6) (7) (8) 

Sub-region 
Number Sub-region Name 

Annual 
Water Duty, 
gallons per 

vine 

Frost and 
Heat 

Protection, 
af/ac 

Annual Total 
Water Duty, 

af/ac 
Vineyard 
Area, ac(a) 

Non-
Vineyard 

Agricultural 
Area, ac(b) 

Total Annual 
Crop Water 
Demand, afa 

1 Calistoga 250 0.5 1.06 4,051 108 4,606 
2 St. Helena  200 0.5 0.95 8,519 197 8,647 
3 Yountville  200 0.5 0.95 9,083 573 10,308 
4 Napa  150 0.5 0.83 2,615 79 2,419 
5 MST Study Area 100 0.0 0.22 2,301 116 862 
6 Carneros 100 0.0 0.22 6,823 107 1,842 
7 American Canyon 100 0.0 0.22 1,422 991 3,291 

Total  — — — 34,813 2,173 31,975 
(a) Average vine spacing 6’x10’ or 726 vines per acre. 
(b) Annual water duty of non-vineyard agricultural areas in 3 af/ac. 

The Napa County Agricultural Commissioner prepares an annual crop report for Napa County. 
Total vineyard acreages from 1975 to 2003 for Napa County which included bearing and 
non-bearing vineyards are shown in Figure 4. From 1975 to 2003 vineyard acreages increased by 
approximately 19,800 acres or 700 acres per year within Napa County. From 2000 to 2003 vineyard 
acreage has increased at a rate of 1,350 acres per year. Vineyard yields from 1985 to 2003 have 
declined from approximately 4.0 to 3.3 tons per acre, respectively. This decrease in yield is due to 
cultural practices and is discussed in the projected 2050 crop water demands section. 

Non-vineyard agricultural lands within the valley floor were grouped together as previously 
discussed to determine their water use. The total irrigated area is approximately 2,200 acres 
within the valley floor including MST and Carneros areas. 

Areas of native vegetation on a slope of less than 30 percent were also calculated. There are 
approximately 30,400 acres of native vegetation on less than 30 percent slope within the Study 
Area. Of this 30,400 acre area, only about 5,500 acres is considered to be convertible to 
vineyards. This reduction was due to existing (non-compatible) land usage, (i.e. airport area, 
etc.), surrounding land uses, and proximity to rivers and streams. Figure 5 shows the areas of 
irrigated acreage (all existing agricultural lands) and non-irrigated lands (native vegetation) in 
the Study Area. 
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Figure 4. Napa Valley Wine Grape Acreages
Napa County Agricultural Crop Report (1975-2003)
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Unit water demands ranged from 250 gallons per vine (gpv) in the northern portions of Napa 
Valley, to 100 gpv in the southern portions of Napa Valley as shown in Table 5. San Pablo Bay 
has a direct influence on the climate of the American Canyon and adjacent areas, but does not 
influence the northern portions of the Napa Valley. This results in a hotter and dryer 
micro-climate in these northerly sub-regions, and thus a higher unit water demand. Conversely, 
since San Pablo Bay influences the southern Napa Valley the climate is more moderate which 
results in lower unit water demand. 

Since the climate is milder in the southern portions of the Study Area, frost and heat protection is 
not needed. However, frost and heat protection is needed in the northern portions of the Study 
Area. Approximately 0.25 acre-feet per acre were assigned individually for frost and heat 
protection in the northern portions of the Valley floor. This totals 0.50 acre-feet per acre for both 
frost and heat protection. 

Total water demand, which includes applied water, frost and heat protection, range from 
1.06 acre-feet per acre in the north, to 0.22 acre-feet per acre in the south as shown in Table 5. 

The acreages of non-vineyard agricultural lands in the valley floor are considered to be relatively 
small as compared to the acreages of vineyards. Typical unit water demands for these types of 
crops range from two to four acre-feet per acre per year. For the purposes of the Napa 
2050 Study, non-vineyard crop water demands were lumped together in a single category and 
assigned a unit water demand of three acre-feet per acre per year. 

Native vegetation is simply grasses and trees that occur naturally within the Study Area. The 
water source for native vegetation is typically from rainfall. Therefore native vegetation was not 
assigned a unit water demand in the water demands because it is not irrigated. 

The cities of American Canyon, St. Helena, and Napa supply surface water to agricultural 
customers within the city boundaries. The combined surface water provided to agricultural 
customers is approximately 1,566 afa. 

Total existing annual crop water demands for the valley floor including the MST and Carneros 
areas were estimated to be approximately 32,000 acre-feet. This includes applied water, frost and 
heat protection for vineyards, and non-vineyard irrigated agricultural water demands. 

Projected 2050 crop water demands 
Projected crop water demands were estimated for the year 2050. It was assumed that by the 
year 2050, all existing vineyards (34,813 acres) would have been replanted at a density of 
1,815 vines per acre. The existing non-vineyard agricultural areas (2,173 acres) were assumed to 
remain in production, and a portion of the current native vegetation acreage with less than 
30 percent slope (5,536 acres) was assumed to have been planted as vineyard at a density of 
1,815 vines per acre by the year 2050 as shown in Table 6. 
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Table 6. Projected 2050 Crop Water Demands 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Sub-
region # 

Sub-region 
Name 

Annual Water 
Duty, gallons 

per vine 

Frost and 
Heat 

Protection, 
af/ac 

Total 
Water 
Duty, 
af/ac 

Vineyard 
Area, ac(a)(b)

Non-
Vineyard 

Agricultural 
Area, ac(c) 

Adjusted 
Native 

Vegetation 
Less Than 
30 Percent 
Slope, ac 

Total Crop 
Water 

Demand, afa

1 Calistoga 110 0.5 1.11 4,051 108 401 5,278 
2 St. Helena  110 0.5 1.11 8,519 197 312 10,418 
3 Yountville  110 0.5 1.11 9,083 573 590 12,482 
4 Napa  100 0.5 1.06 2,615 79 233 3,248 

5 
MST Study 
Area 100 0.0 0.56 2,301 116 833 1,958 

6 Carneros 100 0.0 0.56 6,823 107 1,380 4,892 

7 
American 
Canyon 100 0.0 0.56 1,422 991 1,785 4,760 

Total  — — — 34,813 2,173 5,536 43,037 
(a) Average vine spacing 4’x6’ or 1,815 vines per acre. 
(b) All existing vineyard is converted to denser planting by 2050. 
(c) Existing non-vineyard irrigated agricultural areas assumed to continue to be planted “as is,” with current water 

demands. 

Unit water demands per vine ranged from 110 gpv in the north to 100 gpv in the south, as shown 
in Table 6. The per vine water demands were reduced in the denser plantings as growers desire to 
further stress the vines, and increase the intensity of the fruit. Even though the amount of water 
per vine is reduced by almost half in the northern portions of the valley floor, annual water 
demand on a per acre basis has increased to 1.11 acre-feet per acre due to the large number of 
vines per acre. The unit water demands based on an acre foot per acre basis has also increased in 
southern portions of the valley floor as a result of the denser plantings. Annual unit water 
demands have increased from 0.22 acre-feet per acre to 0.56 acre-feet per acre in the southern 
portions of the valley floor. 

Unit water demands for heat and frost protection remain the same for denser plantings. A total of 
approximately 0.5 acre-feet per acre were assumed for both frost and heat protection. 

As previously discussed approximately 30,400 acres of native vegetation area are potentially 
available for conversion to vineyards, this acreage quantity is larger than the additional vineyard 
acreage estimated by the Napa County Agricultural Commissioner. Therefore based on discussion 
with our agricultural consultant’s knowledge and estimates of developable future vineyard areas, 
acreage reduction factors were applied to each sub-region as listed below: 



Technical Memorandum No. 3 FINAL 
October 19, 2005 
Page 17 
 
 

West Yost & Associates J:\clients\423\03-01\admin\finaltmsrev\tm3 

• 40 percent of native vegetation in American Canyon would transition to vineyards 

• 25 percent of native vegetation in Carneros and MST would transition to vineyards 

• 20 percent of native vegetation in the remaining sub-regions would transition to 
vineyards 

Using these percent transitions, it is anticipated that approximately 5,500 acres of native 
vegetation would be converted to vineyards by the year 2050. No irrigated water demands were 
previously associated with these native vegetation areas, prior to conversion to vineyards. 

To approximate water demands for the year 2050, the total number of irrigated acres was 
multiplied by the total unit water demand. This resulted in a total estimated crop water demand of 
43,000 acre-feet per year in year 2050, for the valley floor as shown in Table 6. This includes the 
replanting of: 

• Existing vineyards to the denser 1,815 vines per acre 

• New vineyard plantings on native vegetation areas 

• Continued irrigation of non-vineyard agricultural lands 

Existing water demands for the Main Basin including the MST and Carneros areas, are expected 
to steadily increase from the year 2000 (31,975 afa) to the year 2050 (43,037 afa). This will be an 
increase of approximately 11,050 acre-feet, or 34 percent as shown in Table 7. 

Table 7. Estimated Increase in Crop Water Demands for Napa Valley (2000-2050) 

(1) (2) (3) (4) (5) (6) 

Sub-region 
Number Sub-region Name 

Total 2000 
Crop Water 
Demand, afa

Total 2050 
Crop Water 
Demand, afa 

2000-2050 
Increase, afa Percent Increase 

1 Calistoga 4,606 5,278 672 14.6 
2 St. Helena 8,647 10,418 1,771 21 
3 Yountville  10,308 12,482 2,174 21 
4 Napa  2,419 3,248 829 34 
5 MST Study Area 862 1,958 1,096 127 
6 Carneros 1,842 4,892 3,050 166 
7 American Canyon  3,291 4,760 1,470 45 

Total  31,975 43,037 11,062 35 
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DISCUSSION 

The 2050 Study Area is summarized into three regions so they can be compared to previously 
published documents. The Main Basin includes the unincorporated areas of sub-regions 1-4 and 
sub-region 7, while the MST and Carneros sub-regions remain in their own category. 

Main Basin Region 

The Main Basin region includes the unincorporated areas in the vicinity of Calistoga, St. Helena, 
Yountville, Napa and American Canyon as previously shown on Figure 1. Water demands are 
projected to increase by approximately 7,500 af as shown in Table 8. A significant portion 
(6,900 af) is the result of the increase in crop water demands. Of the 6,900 af increase, 4,226 afa 
is due to the conversion of existing vineyards to denser plantings. The remainder of the increase is 
from the conversion of native vegetation to vineyards. These potential increases in water demands 
are based upon the assumption that water sources are available to support this growth. 

Table 8. Estimated Main Basin Existing and Projected Water Demand 

(1) (2) (3) (4) 

Category 
2000 Water 
Demand, afa 

2020 Water 
Demand, afa 

2050 Water 
Demand, afa 

Rural Residential 2,300 2,420 2,750 
Improved Open Space 1,111 1,111 1,111 
Winery 974 1,022 1,100 
Crop(a) 29,271 31,863 36,187 

Total 33,656 36,416 41,148 
(a) Includes unincorporated areas of Calistoga, St. Helena, Yountville, Napa, American 

Canyon. 

MST Region 

The concepts used by WYA to determine the unincorporated area water demands for the MST 
region are similar as those used in the 2002 USGS MST study. However, the unit water 
demands used by WYA in this TM are slightly different, as discussed below, resulting in lower 
water demands. 

The USGS calculated rural residential water demands by averaging a land based methodology and a 
per capita water demand of 148 gpcd. WYA calculated rural residential demand only using 
2000 census population of 4,800 persons, as presented in the USGS report, multiplied by a unit 
water demand of 150 gpcd. 

The USGS calculated an annual water demand for the improved open space area (golf courses) of 
391 acres, by multiplying this acreage by a unit water demand of 4.0 af/ac. WYA agreed with this 
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methodology and water demand estimate, and used the annual water demand calculation of 
1,564 afa. However, the USGS did not account for winery demands in the MST area. WYA 
estimated existing winery demands to be approximately 87 afa. 

The USGS estimated vineyard water demands by calculating vineyard areas using two different 
methodologies, applying two different unit water demand factors, and taking the average of the 
resultant values. The vineyard areas ranging from 2,369 to 2,869 acres and the USGS unit water 
demand factors ranged from 0.5 to 1.2 af/ac for the years 2000 and 1980, respectively. WYA 
calculated 2,301 acres of vineyard area and 116 acres of non-vineyards area, and multiplied these 
respective areas by unit water demands of 0.22 and 3.0 af/ac respectively. While the cropped areas 
are similar, WYA believes the lower unit water demand of 0.22 more accurately represent 
vineyards in the area, thus WYA water demands are lower than those presented in the USGS report. 
Water demands for the MST regions are shown in Table 9. 

For the purposes of the 2050 Study, WYA will proceed with the unincorporated water demands 
used in this TM. The USGS made no estimation of projected water demands for the MST region. 
However, based on WYA’s estimates of vineyard densification and a slight increase in rural 
residential water demands, water demands in the MST region have the potential to increase by 
approximately 1,290 af. Similar to the Main Basin region, the greatest potential increase is from 
increased cropped acreage. These potential increases in water demands are based upon the 
assumption that a water sources are available to support this growth. 

Table 9. Estimated MST Existing and Projected Water Demand 

(1) (2) (3) (4) 

Category 
2000 Water 
Demand, afa 

2020 Water 
Demand, afa 

2050 Water 
Demand, afa 

Rural Residential 800 850 960 
Improved Open Space 1,564 1,564 1,564 
Winery 87 99 119 
Crop 862 1,197 1,958 

Total 3,313 3,710 4,601 
 

Carneros Region 

The sub-region that has the greatest potential for an increase in water demand is the Carneros 
sub-region. Unincorporated water demands can potentially increase by approximately 
3,170 acre-feet or 45 percent by the year 2050. This increase would be predominately due to the 
conversion of existing vineyards to vineyards of increased density. The conversion of native 
vegetation to vineyards will also be a small component of this potential water demand increase. 
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These potential increases in unincorporated water demands are based upon the assumption that 
water sources are available to support this growth. Water demands are summarized in Table 10. 

Table 10. Estimated Carneros Existing and Projected Water Demand 

(1) (2) (3) (4) 

Category 
2000 Water 
Demand, afa 

2020 Water 
Demand, afa 

2050 Water 
Demand, afa 

Rural Residential 350 370 420 
Improved Open Space 96 96 96 
Winery 259 278 311 
Crop 1,842 2,723 4,892 

Total 2,547 3,467 5,719 
 

Total unincorporated water demands  

Table 11 summarizes the previously discussed water demands for the three regions. Unincorporated 
water demands under existing conditions are approximately 39,500 afa. These water demands are 
projected to increase to approximately 51,500 afa by the year 2050, a difference of approximately 
12,000 afa. 

Table 11. Estimated Unincorporated Existing and Projected Water Demand 

(1) (2) (3) (4) 

Category 
2000 Water 
Demand, afa 

2020 Water 
Demand, afa 

2050 Water 
Demand, afa 

Main Basin 33,656 36,416 41,148 
MST 3,313 3,710 4,601 
Carneros 2,547 3,467 5,719 

Total 39,516 43,593 51,468 
 

CONCLUSIONS 

The following assumptions were used to estimate the unincorporated water demands for the Study 
Area evaluated in this TM: 
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• Rural residential demands are based upon 2000 Census data and a unit water demand 
of 150 gallons per person per day 

• Improved open space areas (primarily golf courses) were held constant in the future 
and continued to be irrigated at an annual water use of four acre-feet per acre per year. 

• Winery demands were calculated based upon acreages and a unit water demand of 
12,350 gallons per year per acre of vineyard. 

• Portions of the native vegetation occurring within the Napa Valley floor area were 
assumed to be planted as vineyards by 2050. 

• All existing Valley floor vineyards were assumed to be replanted to denser vineyards 
by the year 2050. 

• All existing non-vineyard, irrigated agricultural lands were assumed to continue to be 
irrigated at an annual water use of three acre-feet per acre per year. 

• Water demands for frost and heat protection were also accounted for in the calculated 
water use factors. 

• Available irrigable lands with slopes greater than 30 percent were not included in this 
analysis. 

Using the above assumptions the water demands in the unincorporated areas of the Study Area 
are expected to reach a maximum of approximately 51,500 afa by the year 2050. This is an 
approximate increase of 12,000 af from the year 2000 to the year 2050. 

Average vine densities in the Napa Valley appear to be increasing from approximately 726 vines 
per acre to 1,815 vines per acre. Current unit water demands per vine currently range from 
100 to 250 gpv from the south to the north respectively, depending on microclimate. Unit water 
demands per vine at denser plantings decrease the unit water demand per vine to a range from 
100 to 110 gpv per acre, from the south to the north respectively. With the increase in vine 
density and the decrease in the per vine water demand, the per acre water demand increased from 
0.34 acre-feet per acre in the south to 0.05 acre-feet per acre in the north. The conversion to 
denser plantings in the northern portions of the valley floor have a lesser impact on water supplies 
than in the south. 

This increase in vine density and decrease in the per vine unit water demand is a result of the 
Napa Valley grower’s desire to increase the grape juice intensity, while still allowing for roughly 
the same tonnage per acre of planted vines. 

The actual 2050 unincorporated water demands will be dependant upon water availability, 
climate, and marketability of wine from the Napa Valley, among others. 

GSN/JPC:ajb 
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TECHNICAL MEMORANDUM NO. 4 
 

DATE: October 19, 2005 Project No.:   423-02-03-01 
 
TO: Don Ridenhour, Project Manager CC:   WATRTAC Members 
 
FROM: Gerry Nakano, Project Manager 
 Jim Connell, Project Engineer 
 
SUBJECT: 2050 Napa Valley Water Resources Study 
 Napa County Incorporated Area Water Supplies 
 
The purpose of this Technical memorandum (TM) is to describe the water supplies available to 
Napa County municipalities, to project the available quantity of local and imported water, to 
discuss opportunities and projected impacts of water recycling efforts, and to discuss the current 
and projected use of the groundwater basin. The municipalities involved are: 

• The City of Napa (Napa), 

• The City of American Canyon (American Canyon), 

• The Town of Yountville (Yountville), 

• The City of St. Helena (St. Helena), 

• The City of Calistoga (Calistoga), and 

• Napa Sanitation District (NSD - source of recycled water). 

Information for this TM was derived from the following sources: 

• Water Resources Study for the Napa Valley Region, James M. Montgomery, 
January 1991 

• Water Supply Plan, City of Calistoga, West Yost & Associates, August 17, 1997 

• Water Facilities Plan for the City of Calistoga, Summit Engineering, Inc., 
August 2000 

• Urban Water Management Plan, City of St. Helena, West Yost & Associates, 
May 2003 

• Water Supply Plan, Town of Yountville, West Yost & Associates, September 1, 1998 

• Water Supply Plan Update, Town of Yountville, West Yost & Associates, June 2004 

• Water System Optimization and Master Plan Report – Draft, City of Napa, West Yost 
& Associates, August 1997 
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• The State Water Project Delivery Reliability Report, California Department of Water 
Resources, 2002 

• Comprehensive Water Service Study, Public Workshop Draft, Local Agency 
Formation Commission of Napa County, 2003 

• City of Napa 2020 General Plan, Adopted and with Amendments to January 1, 2002 

• Napa Water Treatment and Wheeling Study, Town of Yountville and City of 
St. Helena, West Yost & Associates, August 2, 2000 

• Napa County Local Agency Formation Commission (LAFCO) Comprehensive Water 
Service Study, 2003 

• Rector Reservoir Yield Study, Department of Water Resources, Prepared for the 
California Department of Veteran Affairs, Veteran’s Home of California, Yountville, 
December 2000. 

• Conversations with local water supply representatives 

• Napa County Grand Jury 2002-2003 Water Report and responses 

This TM discusses the availability of local and imported surface water supplies, the current state 
and projected use of recycled water, and the current and projected use of groundwater. 

SURFACE WATER SUPPLIES 

The municipalities involved in this study receive surface water from several sources: 

• The State Water Project 

• Local Reservoirs 

• Other Municipalities 

The Napa County Flood Control and Water Conservation District (District) is a State Water 
Project (SWP) contractor. The District administers the SWP contract for several municipalities in 
Napa County, including the Cities of Napa, American Canyon, St. Helena, and Calistoga, and the 
Town of Yountville. Water is delivered from the SWP through the North Bay Aqueduct. This is 
discussed in more detail below. 

The cities of Napa, St. Helena, Calistoga and the Town of Yountville each have their own local 
surface water reservoir that supplies a portion of the water demand. 



Technical Memorandum No. 4 
October 19, 2005 
Page 3 
 
 

West Yost & Associates  J:\clients\423\03-01\admin\finaltmsrev\tm4

FINAL

The terms “storage capacity”, “yield”, “firm yield” and “safe yield’ are used frequently in 
discussing reservoirs. For the purpose of this TM, these terms are defined below. 

• Storage Capacity – The static volume of a reservoir at the spillway elevation, 
assuming no inflow and no outflow. 

• Yield – The amount of water that can be supplied from the reservoir, taking into 
account dead pool, inflow, outflow, evaporation, and deliveries. 

• Maximum Yield – The maximum yield is the greatest potential yield from the 
reservoir, based on maximum historical rainfall. 

• Firm Yield and Safe Yield – The amount of water that can be guaranteed during a 
critically dry period. 

• Reliable Yield - The amount of water that can be guaranteed during a multiple dry 
year period. 

• Probability of Exceedence – The probability that a given reservoir yield could be 
exceeded in a given year. The firm, or safe yield would have a probability of 
exceedence of 100 percent. The reliable yield would have a probability of exceedence 
of 85 percent, as described in the SWP Reliability Report. The maximum yield would 
have a probability of exceedence of zero percent. 

Planning for surface water supplies should address the variations in water availability forecasting 
that include average-year, wet-year, and dry-year. According to the California Department of 
Water Resources (DWR) State Water Project Delivery Reliability Report (SWP Report), water 
deliveries are based on the water year and the ability of the SWP Contractors, including the 
District, to receive SWP deliveries. The percent of time that each of these water availability 
conditions occur for SWP deliveries are shown in Table 1. 

Table 1. State Water Project Occurrence Frequency for Year 2021 

Water-Year Type 
Probability of 

Exceedence, percent(a) 
Projected SWP 

Delivery, percent of Table A(b) 
(1) (2) (3) 

Wet-year 50 85 
Average-year 60 76 
Multiple Dry-years 85 40 
Single Dry-year(c) 100 20 
(a) Percent of time equal to or greater than as defined above. 
(b) See discussion under Reliability of SWP Supplies, below. 
(c) The DWR report indicated a single dry year would have the most severe reduction in supply. 

The SWP Report provided the projected SWP Delivery (column 3). The probability of 
exceedence was determined by looking up the SWP Delivery (as Percent of SWP full Table A) on 
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the SWP Report Figure 1, and determining the “percent of time at or above”, which is termed 
percent exceedence for the 2050 Study. Figure 7 of this TM is Figure 1 of the SWP Report, 
adjusted for the Napa County full SWP entitlement of 29,025 afa. For example, the SWP Report 
calculates the single dry-year delivery would be 20 percent of the SWP entitlement. Cross 
referencing 20 percent of 29,025 afa (5,805 afa) on Figure 7 yields a “probability of exceedence” 
of 100 percent. Similarly, the SWP report indicates deliveries during a multiple dry year 
(4 or 6-year droughts) would be 40 percent of entitlement. Cross referencing 40 percent of 
29,025 afa (11,610 afa) on Figure 7 yields a “probability of exceedence” of 85 percent. The same 
process is applied to the average year delivery of 76 percent, as reported by the DWR, and the 
wet year delivery of 85 percent. 

The percent exceedences discussed above suggest that the water-year data are not normally 
distributed (i.e. the median is not equal to the average). Consequently, the average-year is not 
exceeded 50 percent of the time; it is exceeded 60 percent of the time. A more thorough 
discussion of the development of the data in Table 1 is included in the Imported Surface Water 
section, below. 

In the City of Napa’s 1997 Water Master Plan, WYA had recommended Napa use a range of 
20 to 50 percent to estimate the firm-yield of the SWP (minimum percentage of Table A 
entitlement that would be delivered in a single-dry year). This range was recommended because, 
at that time, DWR was investigating projects that would help “firm up” the reliability of the SWP. 
Over the last several years, DWR has not been able to implement projects that would increase the 
reliability of the SWP in the single dry year. Therefore, DWR’s published single-dry year 
delivery of 20 percent will be used for the 2050 Study. 

Even though the occurrence frequency may be the same for the local water supply reservoirs, the 
water-year types do not necessarily coincide between local reservoirs and the SWP. For example, 
a normal (or average) rainfall year for the Lake Hennessey watershed area may occur in the same 
year as a dry (below average rainfall) year for the State Water Project watershed area. 
Reconciling the local hydrology with the SWP hydrology is an important step that should be 
undertaken in later studies to better understand water supply availability. To declare that a dry 
year, however, occurs in both the SWP and local watersheds at the same time, would provide the 
most conservative estimate of surface water availability, but may slightly overestimate supply 
shortcomings. The surface water supply summary presented in Table 11 and Table 12, assumes 
dry years occur at the same time for the SWP and the local reservoirs. 

Local Surface Water 

The major surface water features in Napa Valley are shown in Figure 1. 

The existing major water supply reservoirs in Napa County from north to south include: 

• Kimball Reservoir (serving Calistoga) 

• Bell Canyon Reservoir (serving St. Helena) 
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• Lake Hennessey (serving Napa) 

• Rector Reservoir (serving Yountville and the State of California Veteran’s Home, 
Department of Fish and Game, and Napa State Hospital) 

• Milliken Reservoir (serving Napa) 

All these reservoirs are located on tributaries to the Napa River. There are also minor surface 
water impoundments throughout the Valley that are used for agricultural purposes. 

The 1991 Water Resources Study (1991 Study) generated yield curves for the five reservoirs 
based on watershed modeling and forty to fifty years of rainfall data. These yield curves are 
shown in Figures 2 through 6 and are discussed below. 

A comparison of the reservoir storage capacity to the average annual inflow from the watershed 
reported in the 1991 Study is presented in Table 2. The storage capacity of two of the reservoirs 
(Lake Hennessey and Rector) is greater than the average annual inflow. Of the three remaining 
reservoirs, only Kimball appears to be sized substantially smaller than the average annual inflow. 

Table 2. Comparison of Reservoir Storage Capacity to Average Annual Inflow 

Reservoir Total Storage Capacity, af Average Annual Inflow, af 
(1) (2) (3) 

Kimball Reservoir 335 2,817 
Bell Canyon Reservoir 2,050 3,133 
Lake Hennessey 31,000 19,692 
Rector Reservoir 4,000 3,354 
Milliken Reservoir 2,000 3,656 
Total 39,385 32,652 

Source: 1991 Water Resource Study for Napa County Region 

Each municipality, and the State of California, has water rights from the State Water Resources 
Control Board, Division of Water Rights, to divert and store water in its respective reservoirs. 
The current water rights are shown in Table 3. 
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Figure 2. Kimball Reservoir Yield Curve
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Source: Water Resources Study for the Napa County Region, JMM, January 1991

Figure 3. Bell Canyon Reservoir Yield Curve

-

500

1,000

1,500

2,000

2,500

0 10 20 30 40 50 60 70 80 90 100

Percent Annual Frequency of Occurrence

Y
ie

ld
, A

cr
e-

fe
et

 p
er

 y
ea

r

Source: Water Resources Study for the Napa County Region, JMM, January 1991

Figure 4. Hennesey Reservoir Yield Curve
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Source: Water Resources Study for the Napa County Region, JMM, January 1991
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Figure 5. Rector Reservoir Yield Curve
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Source: Water Resources Study for the Napa County Region, JMM, January 1991

Figure 6. Milliken Reservoir Yield Curve
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Table 3. Summary of Diversion and Storage Water Rights 

Reservoir Diversion Right, afa 
(1) (2) 

Kimball Reservoir 626 
Bell Canyon Reservoir 3,800 
Lake Hennessey 30,500 
Rector Reservoir 1,937 
Milliken Reservoir 2,350 

Total 39,213 
Source: 2003 LAFCO Comprehensive Water Service Study 

The estimated yields for these five major reservoirs are shown in Table 4. 

Table 4. Comparison of Reservoir Yield, acre-feet per year 

 Yield in afa (Probability of Exceedence) 

 
Reservoir 

Maximum 
(0 percent) 

Wet-year 
(50 percent) 

Average-year
(60 percent) 

Multiple 
Dry-years 

(85 percent) 

Single, 
Critically 
Dry-year 

(100 percent) 
(1) (2) (3) (4) (5) (6) 

Kimball Reservoir 400 400 400 380 110 
Bell Canyon Reservoir 2,050 2,050 1,800 1,035 530 
Lake Hennessey 31,000 19,500 17,500 10,420 5,000 
Rector Reservoir(a) 4,000 3,000 2,500 1,500 1,200 
Milliken Reservoir(b) 700 700 700 700 400 

Total 38,150 25,650 22,900 14,035 7,240 
Source: 1991 Water Resource Study for Napa County Region – updated per City of Napa 2004 

(a) Total yield of Rector Reservoir, the water available for Yountville is significantly less, and is discussed 
below. 

(b) Seismic stability concerns by the California Department of Water Resources, Division of Safety of Dams 
regarding Milliken Dam has significantly reduced previous yield values. 

Updated storage capacity and yield studies have been performed on some of the reservoirs shown 
in Tables 2 through 4. These studies and a brief description of each of the reservoirs are provided 
below. The revised studies did not significantly alter the estimated yields shown in Table 4. 
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Kimball Reservoir (Calistoga) 

Kimball Canyon Dam, which captures flow from Kimball Creek, was originally completed in 
1939 and raised in 1948. The dam forms Kimball Reservoir, which provides water supply to 
Calistoga. The original total reservoir capacity to the spillway elevation was 345 acre-feet (af). 
Flashboards were installed that increased the capacity to 409 af, at the top of the flashboards (four 
feet above the spillway crest). According to the Calistoga Water Facilities Plan, soundings taken 
in 1991 indicated the total capacity of Kimball Reservoir to the top of the flashboards was 
reduced to an estimated 312 af by sedimentation following a large fire in the Kimball Creek 
watershed. It was estimated for the 2000 Water Facilities Plan that sedimentation losses continued 
at a rate of 2.6 acre-feet per year resulting in a storage capacity in 2000 of 291 af. The revised 
yields described in the Water Facilities Plan are shown in Table 5. 

Table 5. Estimated Reservoir Storage Capacity and Yield 

  Yield in afa (Probability of Exceedence) 

Reservoir 
Storage 

Capacity, af 
Normal-year 
(63 percent) 

Below-Normal 
Year (90 percent) 

Critically 
Dry-year 

(100 percent) 
(1) (2) (3) (4) (5) 

Kimball Reservoir 291 392 336 103 
Source: 2000 Water Facilities Plan, which references a J M Montgomery Yield Study that followed the 1991 capacity survey. 

The yield curve for Kimball Reservoir, generated for the 1991 Study, is shown in Figure 2. The 
data shown in Table 5 were developed from reservoir soundings that were taken after the 
1991 Study was issued; therefore, the 1991 Study indicated a total storage capacity of 335 af, as 
shown in Table 2, instead of the revised available storage capacity of approximately 291 af, as 
revised by JM Montgomery following the 1991 Study. As defined above, storage capacity 
(column 2) is the static volume of a reservoir at the spillway elevation, assuming no inflow and 
no outflow. Storage capacity differs from yield (columns 3 through 6) in that yield is defined as 
the amount of water that can be supplied from the reservoir, taking into account dead pool, 
inflow, outflow, evaporation, and deliveries. The revised yield, calculated by JM Montgomery 
and shown in Table 5, closely matches the original yield developed for the 1991 Study that is 
shown in Figure 2. 

The data in Table 2 and the yield curve in Figure 2 suggest Kimball Reservoir is undersized for 
the watershed. 

Water from Kimball Reservoir is treated at Calistoga’s Kimball Water Treatment Plant, which 
has a nominal treatment capacity of 833 gpm, or 1.2 million gallons per day (mgd). 
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Bell Canyon Reservoir (St. Helena) 

Bell Canyon Dam, which captures Bell Creek, was originally constructed in 1959. The dam forms 
Bell Canyon Reservoir, which provides water supply to St. Helena. Although Bell Canyon 
Reservoir was originally built to store 1,800 af of water, the Napa County Local Agency 
Formation Commission (LAFCO) reports the existing maximum capacity of Bell Canyon 
Reservoir is 2,350 af. Other reports have indicated a reservoir storage capacity from 2,050 af 
(1991 Study) to 2,500 af (2003 Urban Water Management Plan). 

The yield curve for Bell Canyon Reservoir, generated for the 1991 Study, is shown in Figure 3. 
The 1991 Study indicated a maximum annual yield of 2,050 af, based on a total storage capacity 
of 2,050 af. 

Water from Bell Canyon Reservoir is treated at St. Helena’s Louis Stralla Water Treatment Plant, 
which has a nominal treatment capacity of 2,430 gpm, or 3.5 mgd. 

Lake Hennessey (City of Napa) 

Conn Dam, which captures flow in Conn Creek, was originally constructed in 1946. The dam 
forms Lake Hennessey, which provides water supply to Napa. According to the 2003 LAFCO 
Comprehensive Water Service Study, Lake Hennessey has a storage capacity of approximately 
31,000 af. 

The yield curve for Lake Hennessey, generated for the 1991 Study, is shown in Figure 4. The 
1991 Study indicated a maximum annual yield of 31,000 af. As this yield confirms, the volume of 
Lake Hennessey is quite large in comparison to the yield from the tributary watershed. 

Water from Lake Hennessey is treated at the City of Napa’s Hennessey Water Treatment Plant, 
which has a nominal treatment capacity of 13,888 gpm, or 20 mgd. 

Rector Reservoir (State of California) 

Rector Dam, which captures water from Rector Creek, was originally constructed in 1946 and 
raised in 1985. The dam forms Rector Reservoir, which provides water supply to Yountville and 
the State of California Yountville Veteran’s Home, Napa State Hospital and Department of Fish 
and Game. According to the 2003 LAFCO Comprehensive Water Service Study, Rector 
Reservoir has a capacity of approximately 4,600 af. 

The yield curve for Rector Reservoir, generated for the 1991 Study, is shown in Figure 5. The 
1991 Study indicated a maximum annual yield of 4,000 af. 

In 2000, the DWR conducted a study of the Rector Reservoir storage capacity and range of 
possible yields. The study calculated the reservoir capacity to be 4,535 af. The safe yield was 
estimated to be 1,670 acre feet annually (afa), assuming 1992 actual deliveries, and 1,190 afa 
considering the flow releases anticipated to meet “the instream flows proposed by DFG and the 
needs projected by all parties are met.” This value compares well to the 1991 Study safe yield of 
1,200 afa, shown on Figure 5. 
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Yountville has recently signed an agreement with the State of California Yountville Veteran’s 
Home to obtain water from Rector Reservoir. The estimated delivery to Yountville is presented 
in Table 6. 

Table 6. Estimated Rector Reservoir Deliveries to Yountville, afa 

 
 
 

Parameter 
Average-year 
(60 percent) 

Multiple 
Dry-years 

(85 percent) 

Single, 
Critically 
Dry-year 

(100 percent) 
(1) (2) (3) (4) 

Delivery to Yountville  500 500 125 
Source: Yountville Water Supply Plan Update, 2004 

Water from Rector Reservoir is treated at the State of California’s Rector Water Treatment Plant, 
which has a nominal treatment capacity of 2,000 gpm, or 2.9 mgd. 

Milliken Reservoir (City of Napa) 

Milliken Dam, which captures flow in Milliken Creek, was originally constructed in 1923. The 
dam forms Milliken Reservoir, which provides water supply to Napa. According to the 
2003 LAFCO Comprehensive Water Service Study, Milliken Reservoir has a capacity of 
approximately 1,980 af. 

The yield curve for Milliken Reservoir, generated for the 1991 Study, is shown in Figure 6. The 
1991 Study indicated a maximum yield of 2,000 af. 

Recent California Department of Water Resources, Division of Safety of Dams concerns over the 
seismic stability of Milliken Dam have caused Napa to significantly lower the water level in 
Milliken Reservoir. Substantial modifications will be required to allow operation at the original 
reservoir design levels. Currently, Napa operates Milliken Reservoir to deliver 700 afa in all but 
single dry years. 

Water from Milliken Reservoir is treated at Napa’s Milliken Water Treatment Plant, which has a 
nominal treatment capacity of 2,777 gpm, or 4 mgd. 

Drought Assumptions 

The impact of single-year and multiple-year drought conditions on estimated reservoir yield was 
evaluated. The initial storage in a local reservoir at the start of a drought period is based on the 
assumption that each reservoir would start the previous year full and would be drawn down by the 
1998-2002 average use described in previous TMs. 

The estimated amount of surface water storage in each reservoir following a Normal Year supply 
and demand condition is shown in Table 7. 
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Table 7. Calculation of Normal Year Final Storage(a) 

  Reservoir 

Parameter Kimball
Bell 

Canyon Milliken 
Lake 

Hennessey 
Initial Storage 400 2,050 1,100 31,000 
Annual Demand 200 1,035 700 5,000 

Final Storage 200 1,015 400 26,000 
Percent of Initial Storage Remaining 50% 50% 36% 84% 

(a) Based on zero consumption of storage. 

This amount of storage was then used to calculate the amount of drawdown that would occur in 
multi-year droughts and single year droughts. For a multi-year (6-year) drought condition, it was 
assumed the reservoir drawdown would be 50 percent of the remaining storage following a 
Normal Year. For Kimball Reservoir, Bell Canyon Reservoir, and Milliken Reservoir the storage 
was withdrawn at a uniform rate of 8.33 percent over the six year drought period. For 
Lake Hennessey, an initial drawdown of 25 percent in the first year was followed by five years of 
5 percent drawdown to simulate the impacts of starting a multi-year drought with a single year 
drought. The estimated reservoir yields, including drawdown of reservoir storage, are shown in 
Table 8 for each of the four locally controlled reservoirs. 

Table 8. Multi-Year Drought Estimated Reservoir Yields(a) 

  Reservoir 

Parameter Kimball 
Bell 

Canyon Milliken 
Lake 

Hennessey
Initial Storage 200 1,015 400 26,000 
Annual Storage Depletion 17 85 33 1,300(b) 
Annual Yield 380 1,035 1,040 10,420 

Total Annual Water Supply 397 1,120 1,073 11,720 
(a) Based on a 6-year drought and 50 percent consumption of the storage following a 

normal year as depicted in Table 7. 
(b) Hennessey yield based on one year of 25 percent draw down and five years of 5 percent 

drawdown. 

For a single-year drought, it was assumed each reservoir would be drawn down by 25 percent of 
the storage remaining following a Normal Year. The estimated reservoir yields, including 
drawdown of reservoir storage, for a single-year drought are shown in Table 9 for each of the four 
locally controlled reservoirs. 
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Table 9. Single-Year Drought Estimated Reservoir Yields(a) 

  Reservoir 

Parameter Kimball 
Bell 

Canyon Milliken 
Lake 

Hennessey
Initial Storage 200 1,015 400 26,000 
Total Storage Depletion 50 254 100 6,500 
Annual Yield 110 530 400 5,000 

Total Annual Water Supply 160 784 500 11,500 
(a) Based on a 1-year drought and 25 percent consumption of the storage following a 

normal year as depicted in Table 7. 

Imported Surface Water  

Four Napa Valley municipalities receive imported surface water from the State Water Project. 
Some of the municipalities also receive imported surface water from other sources. State Water 
Project deliveries and the other sources of imported water supplies are discussed below. 

State Water Project 

The District is a contractor of the State Water Project (SWP) and imports surface water supplies 
for use in the Napa Valley. Water is diverted from the Sacramento/San Joaquin Delta at the 
Barker Slough Pumping Plant and conveyed through the North Bay Aqueduct (NBA) 
approximately 21 miles to the Cordelia Forebay to serve customers in Napa and Solano Counties. 
District water is pumped from the Cordelia Forebay and conveyed an additional six miles to the 
SWP Napa Turnout Reservoir at Jamieson Canyon. The majority of the water delivered through 
the NBA is then treated at Napa’s Jamieson Canyon Water Treatment Plant and distributed to 
Napa water users and the participating municipalities (Yountville and Calistoga). The remainder 
of this water is treated at American Canyon’s water treatment plant or delivered as raw water to 
American Canyon irrigation customers. 

The amount of water available to each contractor is included in Table A of the SWP contract. The 
total Table A entitlement for the District is 29,025 acre-feet per year, including the KCWA 
purchase, as indicated in Table 10. 

Originally, the District contracted for the ultimate delivery of up to 25,000 af of water from the 
SWP and a pre-determined ramp-up schedule. Therefore, this entitlement has been increasing 
incrementally each year until 2021, when the full Table A entitlement will be in effect. In 
2000, an additional 4,025 af of SWP water was acquired, and permanently transferred from the 
Kern County Water Agency (KCWA) to the District. Therefore, with the addition of this 
entitlement from Kern County, in 2021, the District’s total allocation will increase to 29,025 af. 
The water supply contract is due to expire in 2035. The current (2004) and ultimate SWP water 
entitlement, by municipality, is shown in Table 10. 
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The SWP contract states that the maximum-month delivery cannot exceed 11 percent of the total 
annual entitlement. For the District, this delivery rate is 11 percent of the pre-KCWA purchase, or 
a maximum-month delivery of 2,750 af (approximately 46 cfs). 

Concerns regarding the hydraulic delivery capability of the NBA have recently been expressed and 
studied. In a memorandum dated February 2, 2004, David Okita, General Manager of the Solano 
County Water Agency, summarized the results of recent capacity studies. In the memorandum, the 
contractual capacity of the NBA from Barker Slough to Cordelia Forebay is indicated as 175 cfs 
(includes contractors in addition to the District). The theoretical capacity of the pump station at 
Barker Slough is 154 cfs, to be increased to 175 cfs with the installation of an additional pump. 
The actual capacity was measured by DWR at 140 cfs. This reduction in capacity was reportedly 
due to bio-growth. The bio-growth was removed through pigging and the capacity of the system 
increased to approximately 154 cfs, although the accuracy of the second capacity test has been 
questioned. Several months after DWR removed the bio-growth, the capacity of the system was 
again measured at the pre-pigging amount of 140 cfs. Further studies are being undertaken to 
assess the improvements necessary to increase the capacity to the contractual amount and further 
increase the capacity to a future desired amount of 248 cfs. These studies were expected to be 
completed prior to the issuance of this TM, but have not been received. 

Table 10. SWP Entitlements, acre-feet per year 

Municipality 

Year 2004 
Table A 

Entitlement 

Remaining 
Table A 

Entitlement 
KCWA 

Purchase 

Total SWP 
Contractual 
Entitlement 

(1) (2) (3) (4) (5) 
American Canyon 4,100 600(a) 500 5,200(c) 
Napa 12,600 6,200 1,000 19,800 
Yountville 500 0 600 1,100 
St. Helena 0 0 1,000 1,000(d) 
Calistoga 625(b) 375(b) 925 1,925 
Total District Entitlement 17,825 7,175 4,025 29,025 

Source: 2003 LAFCO Comprehensive Water Service Study 
(a) Includes the sale of 500 afa to Calistoga in 1998. 
(b) Includes 500 afa purchased from American Canyon in 1998, to be added in 25 afa increments 

beginning in 2000. 
(c) American Canyon has an additional 500 afa of “Permit” water (non-SWP water) that is conveyed 

through the NBA. 
(d) St. Helena did not acquire any conveyance capacity in the NBA through the acquisition of this 

SWP entitlement. 

The impact of the reduced conveyance capacity in the NBA is that the District may not be able to 
receive its full contractual capacity of 46 cfs through the Barker Slough to Cordelia portion of the 
NBA system. The NBA system from Cordelia to the Napa turn-out is reportedly capable of 
delivering the contracted amount of 46 cfs, although that capacity is also being studied. 
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If 40 cfs were delivered continuously for the entire year, the total volume of water delivered would 
be approximately 29,000 af. During low demand months, however, the District may not be able to 
receive and treat the available SWP supply. Without significant local raw water storage capacity, 
the District’s ability to receive its full entitlement is limited. If non-local storage or dry-year water 
supply options were available, these sources of supply could be used to supplement SWP 
cut-backs in dry and critically dry years. The relationship between available supply and demand, 
and the effect of local and non-local storage, will be discussed in more detail in future TMs. 

The capacity of the NBA is discussed in more detail under the Reliability of SWP Supplies 
paragraph, below. 

Interruptible Supply (Article 21) Water 

In addition to Table A, Article 21 of the SWP contract allows for the purchase of surplus water 
beyond the Table A quantities. Article 21 assumes the contractor can take delivery of the surplus 
water during the wet season without interfering with the ability of the SWP to deliver the Table A 
water to other contractors, and that all environmental and other water requirements have been 
met. Article 21 also requires the contractor to receive the full month’s scheduled delivery prior to 
receiving Article 21 water. 

The District provides a delivery schedule to the DWR that maximizes the use of Article 21 water, 
following consumption of carryover water. 

Carryover Water 

Carryover water is water from a previous year’s entitlement that was available for use, but was in 
excess of demands, and was therefore stored for use in the subsequent years. District carryover 
water is stored in San Luis Reservoir. If San Luis Reservoir spills, the carryover water is 
considered the first water to be lost. The District frequently uses carryover water during the early 
months of the year. 

Turn-back Pools (Article 56) 

Each year, the DWR decides whether to operate a dry-year purchase program to distribute water 
from those agencies that may not be using their full entitlement, to those agencies that request 
additional water supplies. According to Article 56 of the State Water Project Contracts, the State 
will “establish an annual entitlement water pool (the Pool) for contractors wishing to sell or buy 
project water…” The amount of water available for purchase from the Pool is dependent on the 
contractor’s willingness to sell entitlement that is excess to their needs for that given year, and 
could drop to zero in any given year. 

The District has purchased water through the program in the past and is expected to continue to 
do so in the future. Due to the unpredictable nature of the program, however, the program should 
not be considered a reliable long-term source of supply. 

The amount and source of imported surface water the District has received in recent years is 
shown in Table 11. 
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Table 11. Recent Imported Surface Water Deliveries, af 

Source 2001 2002 2003 
(1) (2) (3) (4) 

Original SWP Table A Entitlement 3,808 1,577 4,197 
Kern County Water Purchase 0 0 0 
Interruptible, Article 21 Water 532 996 0 
Carryover Water 1,723 4,226 3,399 
Turnback Pools, Article 56 82 76 760 

Total 6,145 6,875 8,356 
Source: Napa County Flood Control and Water Conservation District 

The water from the SWP is treated at Napa’s Jamieson Canyon WTP, which has a rated capacity 
of 12 mgd (although it can treat up to 15 mgd during peak demand periods), and American 
Canyon’s WTP, which has a current capacity of 5.6 mgd. Both treatment plants may undergo 
capacity expansions – design is currently under way at Napa’s Jamieson Canyon WTP to expand 
this facility to 24 mgd, and American Canyon is planning a subsequent 3 mgd expansion to 
8.6 mgd. Once these expansions are complete, the total treatment capacity at the Napa turnout 
will be 32.6 mgd, or approximately 50 cfs. 

The projected 2050 maximum-day demands, NBA WTP capacity, SWP facility conveyance capacity, 
and maximum NBA pipeline capacity allocated to each municipality are shown in Table 12. 

Table 12. NBA Capacity Allocation 

Municipality 

Projected 2050 
Maximum-Day 
Demand, cfs(a) 

NBA WTP 
Capacity, cfs 

SWP Facility 
Conveyance 

Capacity(b), cfs 

Contractual NBA 
Conveyance, 

Capacity(c), cfs 
(1) (2) (3) (4) (5) 

American Canyon 27.4 13.3(d) 9.6 8.6 
Napa 84.3 37.0(e) 36.6 34.7 
Yountville 3.1 0 2.0 0.9 
St. Helena 8.1 0 1.8 0.0 
Calistoga 5.9 0 3.6 1.8 
Total 128.8(f) 50.3 53.6 46.0(g) 

(a) Annual 2050 demands from TM 3 multiplied by max-day peaking factor of 2.0. 
(b) 11 percent of full Table A entitlements, found in Table 6, including KCWA purchase. 
(c) 11 percent of original SWP entitlement, not including KCWA purchase. 
(d) Equivalent to future capacity of 8.6 mgd. 
(e) Equivalent to future capacity of 24 mgd. 
(f) Local surface water treatment plants serve a portion of this demand (approximately 43 cfs). 
(g) Physical NBA capacity may be as low as 40 cfs, as discussed in more detail above. 
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The main points to consider in a review of Table 12 are: 

1. The hydraulic capacity of the NBA is less than originally contracted (comparing 
column 5 with footnote g and discussion above). 

2. The contractual capacity in the NBA is less than the full Table A entitlement 
(comparing column 5 with column 4). 

3. The treatment capacity is approximately equal to the full Table A entitlement, 
assuming a 10 percent loss during the treatment process (comparing column 4 with 
column 3. 

4. The local WTP capacity (43 cfs) plus the NBA water treatment capacity 
(50 cfs - totaling 93 cfs) is substantially less than the projected maximum-day 
demand of 129 cfs. 

Although additional hydraulic capacity in the NBA was not available for purchase during the 
KCWA transfer, the transfer did include transportation in the SWP facilities to KCWA. This 
capacity may be used to transfer water to and from a Kern County groundwater storage system, 
such as the Semitropic Water Storage District, if desired. 

In addition to the capacity limitations shown in Table 12, other, non-SWP water is conveyed 
through the NBA facilities to Solano County agencies (“Settlement Water”, not discussed in this 
TM) and Solano and Napa County agencies (“Permit Water”, discussed briefly below). The 
priority of these two other deliveries (Settlement water and Permit water) is less than the SWP 
water. For example, Settlement water can be delivered to Vacaville only after the SWP and 
Permit water have been delivered. 

Reliability of SWP supplies 

To assist municipalities in their compliance with SB 221 and SB 610, two projections were 
completed by DWR for the Year 2021 SWP deliveries using the CALSIM II model. The first 
projection (2021A) assumes the water demands of each Contractor (i.e. the District) change with 
the rainfall year. During a wet year, demands would be lower and local storage would be full, or 
spilling. Therefore, the contractor would not be able to receive the volume of SWP water that is 
available. The second projection (2021B) assumes the water demands of each Contractor do not 
change with the weather and that the contractors can receive the entire SWP entitlement (i.e. each 
contractor has an infinite ability to receive available SWP water). 

The two projections are shown in Figure 7. The major difference between the two projections 
occurs during wet years when local reservoirs are more likely to be full, and water demands 
lessened. The projections match closely for four of the five conditions under consideration in this 
study (i.e. 50 percent, 60 percent, 85 percent, and 100 percent exceedence). During wet years, the 
SWP is able to deliver 100 percent of the full Table A entitlement more frequently under 
projection 2021B than under 2021A. Following discussions with District personnel, projection 
2021A was used in this study because of its more realistic use of weather data. The potential 
deliveries under the five conditions are shown in Table 13. 



Technical Memorandum No. 4 
October 19, 2005 
Page 19 
 
 

West Yost & Associates  J:\clients\423\03-01\admin\finaltmsrev\tm4

FINAL

As shown in Figure 7, the delivery for a single, critically dry year is 20 percent of the entitlement. 
In the City of Napa’s 1997 Water Master Plan, WYA had recommended Napa use a range of 
20 to 50 percent to estimate the firm-yield of the SWP (minimum percentage of Table A 
entitlement that would be delivered in a single-dry year). This range was recommended because, 
at that time, DWR was investigating projects that would help “firm up” the reliability of the SWP. 
Over the last several years, DWR has not been able to implement projects that would increase the 
reliability of the SWP in the single dry year. Therefore, DWR’s published single-dry year 
delivery of 20 percent will be used for the 2050 Study. 

An extensive study of the interaction of all the District surface water supplies could indicate that a 
multiple dry-year scenario where the District receives 40 percent of its allocation for three or 
more years could affect water supplies more severely than a single dry year. Calculating the 
projected demands and comparing to the potential yield based on 85 percent exceedence and 
100 percent exceedence indicates a single dry year has a more severe impact on storage than 
multiple dry years. Therefore, for the purposes of this study, the single dry year has been taken to 
be the most critical. 

Table 13. Comparison of SWP Deliveries, acre-feet per year 

 Delivery in afa (Probability of Exceedence) 

Reservoir 
Full Table A(a) 

(0 percent) 
Wet-year(a) 

(50 percent) 
Average-year(a) 

(60 percent) 

Multiple 
Dry-years(a) 
(85 percent) 

Single, 
Critically 

Dry-year(a) 
(100 percent)

(1) (2) (3) (4) (5) (6) 

American Canyon 5,200 4,315 3,950 2,080 1,040 
Napa 19,800 16,435 15,050 7,920 3,960 
Yountville 1,100 915 835 440 220 
St. Helena(b) 1,000 830 760 400 200 
Calistoga 1,925 1,600 1,465 770 385 

Total 29,025 24,095 22,060 11,610 5,765 
Source: 2002 SWP Delivery Reliability Report 

(a) Refer to Table 1 for percent deliveries under supply conditions. 
(b) This volume cannot be delivered until St. Helena acquires contractual capacity in the NBA system. 
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Figure 7. SWP Yield Curve
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Other Sources of Imported Surface Water 

In addition to the SWP, American Canyon has an agreement with the City of Vallejo (Vallejo) in 
Solano County for additional imported surface water. 

In 2000, American Canyon transferred 500 af of its entitlement to Calistoga and arranged to 
purchase 500 af of Vallejo’s “Permit” water (appropriative water right), which is pumped from 
Lindsey Slough and delivered through the NBA. American Canyon staff have indicated that this 
water supply is more reliable than the SWP water supply and is expected to have a firm capacity 
in multi-dry and single dry years of 90 percent of the total annual volume. American Canyon’s 
total raw surface water supply through the NBA is thus 5,700 af (SWP water of 5,200 af plus 
500 af “Permit” water). 

American Canyon also has an agreement with Vallejo to purchase up to 628.6 acre-feet per year 
of potable water at a maximum-day capacity of one mgd. Additional maximum-day potable water 
capacity can be purchased in 0.1 mgd (62.86 afa) increments to a maximum of 5.1 mgd 
(3,206 afa). The raw water supply for this potable water could come from American Canyon 
supplies, or from Vallejo’s supplies. Each year, American Canyon decides whether to allocate the 
previous year’s potable water purchase to American Canyon’s supplies or to Vallejo’s supplies. A 
discount of $75 per acre-foot is applied to the cost of the potable water if American Canyon’s raw 
water supply is used. Because the reliability of the Vallejo supplies were not investigated as part 
of this evaluation, the reliability of the potable water supply has been estimated to be the same as 
the SWP reliability. 

Surface Water Summary 

A summary of the surface water sources discussed above is presented in Table 14 and Table 15. 
The reliability of the Vallejo potable water supply to American Canyon is dependent on the 
source of raw water and the reliability of the Vallejo supplies. Currently the Vallejo raw water 
supplies are considered very reliable, so the capacity of the 630 af maximum is assumed to be 
firm. The reliability of the Permit water supply is not known at this time, but is understood to be a 
more reliable supply than SWP water, although Permit water has a lower priority in the NBA 
conveyance capacity than the SWP water does, as discussed above. Since the exact reliability is 
not known, the Permit water was assumed to have the same cutback as SWP water. 

The reliable capacity of the local and imported water systems, which is the ability of the water 
system to supply water during a multiple-year drought condition, is shown in Table 14. 
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Table 14. Reliable Capacity of Surface Water Supplies During Multiple Dry-Years, afa 

Municipality Local Surface Water(a) Imported Surface Water(a) Total 
(1) (2) (3) (4) 

American Canyon 0 2,781(b) 2,781 
Napa 11,120(e) 7,920 19,040 
Yountville 500(c) 440 940 
St. Helena 1,035 400(d) 1,435 
Calistoga 380 770 1,150 
Total 13,035 12,311 25,346 

(a) Includes both SWP (Table 13) and other sources of imported water. Corresponds to an 85 percent 
exceedence for a multiple dry-year for SWP deliveries. 

(b) Table 13 SWP delivery plus 90 percent of Vallejo Permit water and approximately 40 percent of 
the 628 afa potable Vallejo water supply. 

(c) Based on August 2004 Yountville Water Supply Study update. 
(d) This volume cannot be delivered until St. Helena acquires contractual conveyance capacity in the 

NBA system and is therefore not considered in the later TM comparison of supplies and demands. 
(e) Supply available from both Lake Hennessey and Milliken Reservoirs. 

The reliable capacity during a multiple-year drought is estimated to be slightly less than 
26,000 af. The firm capacity of the local and imported water systems, which is the ability of all 
surface water sources to supply water during the critical dry year is approximately 12,700 afa as 
shown in Table 15. 

Table 15. Firm Capacity of Surface Water Supplies (During Single Dry Year), afa 

Municipality Local Surface Water Imported Surface Water(a) Total 
(1) (2) (3) (4) 

American Canyon 0 1,616(b) 1,616 
Napa 5,400(e) 3,960 9,360 
Yountville 125(c) 220 345 
St. Helena 530 200(d) 730 
Calistoga 110 385 495 
Total 6,165 6,381 12,546 

(a) Includes both SWP (Table 13) and other sources of imported water. Corresponds to a 100 percent 
exceedence for single dry-year SWP deliveries. 

(b) Table 13 SWP delivery plus 90 percent of Vallejo Permit water and approximately 20 percent of the 
628 afa  potable Vallejo water supply. 

(c) Based on August 2004 Yountville Water Supply Plan Update. 
(d) This volume cannot be delivered until St. Helena acquires contractual capacity in the NBA system. 
(e) Supply available from both Lake Hennessey and Milliken Reservoir. 
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Substituting recycled water to meet non-potable water demands can extend the effectiveness of 
surface water use. A brief discussion of the state of recycled water use is included below. 

RECYCLED WATER SUPPLIES 

Many of the municipalities initiated recycled water systems to avoid discharge to the Napa River 
during the restricted period of May 1 to October 31. Using recycled water reduces the size of 
effluent storage required to hold treated wastewater until the Napa River flows increase to the 
level where discharge to the river are permitted by the RWQCB. 

Current and anticipated recycled water use is summarized in Table 16. 

Much of the recycled water is used to irrigate areas that would not otherwise be irrigated 
(i.e. spray fields). This use constitutes a disposal of wastewater, as opposed to offsetting potable 
water use, and does not create additional supply. A small portion of the current recycled water use 
is used to offset potable water, raw surface water, or groundwater use by irrigating areas that 
would be irrigated regardless of the water source. These types of uses create additional supply by 
allowing the surface water and groundwater supplies to serve potable demands, instead of serving 
non-potable demands. 

Table 16. Current and Planned Recycled Water Use, afa 

Municipality Current Use 
Planned Future 

Production 
Total Projected 

Wastewater Flows 
(1) (2) (3) (4) 

American Canyon 107 858 2,800(b) 

Napa/NSD 2,222 3,600 to 9,800(a) 3,600 to 9,800(a) 

Yountville 200 200 675(c) 

St. Helena 0 — (f) 1,232(d) 
Calistoga 265 265 3,670(e) 
(a) Based on information contained in NSD’s Draft Recycled Water Master Plan, February 2005, by 

Larry Walker and Associates. The most likely alternatives deliver recycled water volumes 
ranging from 3,600 to 4,700 afa. 

(b) Total of Main Basin (0.625 mgd) and North Basin (1.875 mgd) Discharge Permits per 
2003 Recycled Water Facilities Plan. 

(c) Based on 2001 average influent flow rate of 0.42 mgd (including Veterans’ Home) projected 
using same growth rate as water projections. 

(d) Based on 2003 Facility Plan for the Water Recycling Project, year 2025 average precipitation. 
(e)  Based on 1998 WWTP Master Plan, year 2040. 
(f) Potential recycled water production quantity is currently being estimated. 

The planned future treatment capacity, itemized in Column 3, does not necessarily replace 
potable water use. The fraction of the future production capacity delivered to offset potable 
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water use depends on the recycled water storage, the delivery capacity, and the recycled water 
distribution system. 

The total projected wastewater flows (Column 4) is a theoretical value that represents the 
projected volume of wastewater that would be available to offset potable water and groundwater 
use for non-potable demands, provided customers and infrastructure exist to store and deliver the 
total volume. 

Each agency’s current and projected recycled water use is described below. 

American Canyon 

American Canyon has recently completed construction of a new wastewater treatment plant that can 
treat approximately 2.6 mgd to tertiary recycled water standards. Phase I water deliveries began in 
late spring 2004 with deliveries to Green Island Vineyards and Hess Collection Wineries. Phase II 
is anticipated to be complete by the end of 2006 and will include City facilities, parks, agricultural 
users, and large landscaped areas in the City’s distribution system. 

According to the Recycled Water Facilities Plan by HydroScience Engineers, Inc., dated 
December 2003, engineering, administration, and legal work is scheduled to begin in 2004 with 
construction completed in 2009. The Plan did not detail which customers would be served at each 
annual milestone, but the project is intended to serve 80 customers at the completion of 
construction. The potential recycled water customers are using either potable water, or raw NBA 
water for irrigation. According to the American Canyon 2003 Recycled Water Facilities Plan, the 
use of recycled water will replace the use of potable and raw water, and is anticipated to save an 
estimated 1,000 af of potable water and 500 af of raw NBA water. More recent estimates by City 
staff suggest a 858 afa potable and raw water offset is more likely. The value 858 afa was used in 
this study. 

Even though some potable water use is offset by the recycled water system, the primary purpose 
of the recycled water system is to dispose of wastewater, not to offset potable water use. As a 
result, no recycled water storage, other than a one million gallon operational storage tank, is 
anticipated. By not having significant recycled water storage, the recycled water must be used as 
it is produced. The water demand of those areas where the recycled water would be offsetting 
potable water or raw water is not sufficient in May or October to consume the anticipated volume 
of recycled water treated. Therefore, excess recycled water would be delivered to spray fields that 
would not normally receive potable or raw surface water. During the higher demand months of 
June through September, the production of recycled water would not meet the demand of those 
areas where recycled water would be offsetting potable or raw water use. Therefore, potable 
water or raw NBA water would be required to supplement the recycled water production. 

By adding sufficient recycled water storage, excess treated wastewater could be delivered to 
storage during low demand periods in sufficient quantities to serve the peak demands of the 
irrigation areas currently using potable water or raw surface water. Storage of recycled water in 
sufficient quantities to serve peak non-potable demands would allow a greater volume of recycled 
water to offset potable water and raw water use. The offset water could then be used to serve 
demands that require potable water. 
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Potentially, with sufficient recycled water storage and distribution systems, the entire treated 
wastewater volume could be delivered to offset non-potable water demands currently met by 
potable water, raw surface water, or groundwater. The volume of storage and the capacity of the 
distribution system necessary for zero discharge were not discussed in the Recycled Water 
Facilities Plan. 

Napa Sanitation District 

Wastewater from Napa and surrounding unincorporated areas is treated and recycled at the Soscol 
Wastewater Treatment Plant (Soscol WWTP), owned and operated by the Napa Sanitation 
District (NSD). NSD is currently developing a Strategic Plan for Recycled Water Use. Although 
the plan will not be complete until later in 2005, preliminary data are available. Because the plan 
is not final, all preliminary data should be considered tentative. 

In 2001, NSD treated approximately 9,343 af of wastewater and delivered approximately 2,222 af 
of recycled water for landscaping and/or agricultural irrigation to the following seven locations: 

• Jamieson Canyon Ranch 

• Somky Ranch 

• Napa County Airport/Fagundos Ranch 

• Giles Vineyard 

• Chardonnay Golf Course 

• Kohnan, Inc. 

• Napa Corporate Office Park 

In 2002, approximately 2,100 af were delivered to the same seven locations. Of that amount, 
approximately 800 af were replacing potable water landscape irrigation. The remaining water was 
applied to land that would not otherwise have been irrigated, as treated wastewater disposal. 

NSD has recently completed a 24-inch diameter pipeline connecting to the Napa Municipal Golf 
Course at Kennedy Park. According to the preliminary data, the golf course is anticipated to 
consume approximately 60 million gallons per year (184 af) or more. Short-term future expansion 
of NSD’s recycled water distribution system includes delivering water to Napa State Hospital, 
with an expected recycled water demand of approximately 54 million gallons per year (165 af). 

The Soscol WWTP has a capacity of 8.8 mgd to provide tertiary treated water. Wastewater is 
treated to tertiary standards from May 1 to October 1, when discharge to the Napa River is 
prohibited. One alternative under evaluation for the strategic plan is to eliminate discharge to the 
Napa River and deliver all treated wastewater to recycled water customers. Although the analysis 
is not complete, preliminary results suggest eliminating discharge would be prohibitively 
expensive without outside financial assistance. 

It has not been determined what percentage of the future recycled water use would be offsetting 
potable water or groundwater use, but it appears that up to 3,000 af could be available for use, and 
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are discussed further in a subsequent TM being prepared for this study. Approximately 166 afa of 
this amount (serving non-potable demands of Kennedy Memorial Park and the Napa Municipal 
Golf Course) have already been accounted for through a reduction in the potable water demand 
projections for the City of Napa. 

Yountville 

Yountville produces recycled water treated to advanced secondary standards at the Yountville 
Veterans Home Wastewater Treatment Plant, owned and operated by Yountville. Recycled water 
is delivered to four customers for vineyard and/or landscape irrigation: 

• Chimney Rock (vineyard) 

• Vintner’s Golf Club 

• Clos du Val (vineyard) 

• Stag’s Leap (vineyard) 

The vineyards listed above also recycle their own treated wastewater for landscape irrigation. In 
2002-2003, Yountville produced and delivered approximately 200 af of recycled water. All this 
water is used to irrigate areas that would be irrigated independent of the availability of recycled 
water. Thus the delivery of recycled water is reducing the amount of groundwater extracted. 

Yountville has two small treated water flow-equalization ponds, but no long-term recycled water 
storage. Recycled water is delivered when discharge to the Napa River is prohibited. Yountville 
has no plans to expand its recycled water system at the present time. 

St. Helena 

The City of St. Helena is currently developing preliminary planning documents to evaluate a 
comprehensive recycled water system that could include upgrading the existing wastewater 
treatment plant, constructing recycled water storage, and installing transmission and distribution 
pipelines. While plans are still very preliminary at this time, St. Helena may be able to reduce its 
annual potable and non-potable water demands through the implementation of this program. If 
implemented, the recycled water program would be constructed over the next ten to fifteen years.  

Calistoga 

Calistoga provides tertiary treated recycled water to 14 entities, irrigating a total of 131 acres. 
Recycled water customers include a golf course, school irrigation, City park landscape 
irrigation, and commercial facility landscape irrigation at motels, an apartment complex, and a 
water bottling plant. Although the water meets tertiary standards, a high level of boron reduces 
the irrigation usefulness of the recycled water to irrigating turf grass and pasture. There is very 
little, if any, boron in the potable water system. It is believed the boron originates from the 
geothermal wells that local spas use and discharge into the City sewer system. The City is 
currently working with the local spas to decrease the amount of geothermal well water 
discharged into the sewer system. 
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At this time, approximately half of the recycled water delivered to users is replacing potable 
water use, the other half is delivered to fields which otherwise would not be irrigated. The total 
estimated water demand of the 14 recycled water recipients that is replaced with this reuse 
program is 265 acre-feet per year. This value is accounted for in the Calistoga potable water 
demand projections summarized in TM 2. 

The City would like to increase the amount of recycled water delivered, but there are no current 
plans to expand the recycled water delivery system. 

GROUNDWATER SUPPLIES 

Some of the Napa Valley municipalities are using, or are planning to use, the main groundwater 
basin to supplement existing water supplies. A brief summary of each municipality’s historical 
and immediate future groundwater use situation is described below. 

Napa 

Napa currently does not have any groundwater production capacity, nor does the City have any 
immediate plans to install water supply wells. The 1997 Water System Optimization and Master 
Plan recommended the City develop a groundwater conjunctive use project that recharges local 
groundwater in the Milliken and Conn Creek areas, using excess surface water available from 
these two sources in wet and normal years, and then extracting this previously stored groundwater 
in the years of supply deficiency. To date, Napa has not implemented these suggestions. 

American Canyon 

American Canyon does not currently have any groundwater production capacity nor does the City 
have any immediate plans to install water supply wells. 

Yountville 

Although Yountville does not currently have any groundwater production capacity, the Town is 
planning to construct a well to provide supplemental water supplies in years when SWP water and 
Rector Reservoir water supplies are cut back. The estimated extraction quantity during a single 
dry year water supply condition is approximately 300 af. 

St. Helena 

According to the 2003 Urban Water Management Plan, St. Helena currently has two active 
groundwater wells: Stonebridge Well No. 1 was placed into service in 1992 and Stonebridge Well 
No. 2 was placed into service in 1996. Both of these wells are near the Napa River, south of Pope 
Street in the northeastern part of St. Helena. Current production capacities for Well No.1 and 
Well No. 2 are 245 gallons per minute (gpm) and 350 gpm, respectively. These groundwater 
supplies are treated to remove iron and manganese and are chlorinated prior to entering 
St. Helena’s distribution system. St. Helena generally only operates one well at a time and has an 
extensive groundwater monitoring program to monitor groundwater levels in the local area. 
St. Helena’s current policy is to utilize local groundwater supplies to meet about 20 percent of the 
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annual water demand. This groundwater usage percentage can be increased to 30 percent under 
Phase II of St. Helena’s Water Shortage Contingency Plan. St. Helena’s historic groundwater 
production has averaged approximately 340 afa. 

St. Helena also owns three wells located in the vicinity of the wastewater treatment plant. The 
well located closest to the wastewater treatment plant is used to supply the non-potable water 
needs at the wastewater treatment plant. The other two wells had been used many years ago for 
irrigation purposes; however, these two wells are not currently used. 

During the 1977 drought, several private wells (including the Pope Park, Spring Street, 
Bartolucci, and Van Asperen wells) were temporarily connected to the City’s distribution system 
to provide emergency supplies during this critical water shortage period. 

Calistoga 

Calistoga removed its Feige Canyon water supply wells from production in 1998 due to declining 
production and water quality concerns. The August 2000 Water Facilities Plan discussed 
opportunities for Calistoga to install groundwater production capacity, but the City does not have 
any immediate plans to install groundwater production capacity. 

Groundwater Supply Summary 

A summary of the existing and immediate future groundwater capacity for the Napa Valley 
municipalities is presented in Table 17. 

Table 17 Estimated and Projected Groundwater Production Capacity, afa 

Municipality Current 2020 2050 
(1) (2) (3) (4) 

Napa — — — 
American Canyon — — — 
Yountville — 300 300 
St. Helena 340(a) 340 340 
Calistoga — — — 
Total 340 640 640 

(a) Average annual yield of Stonebridge Wells from 1991 through 2000. 

Additional supplemental groundwater production and/or emergency supply capability for use in 
the incorporated areas may be recommended in future TMs as a result of this Study and 
subsequent analysis. 

GSN/JPC:ajb 
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TECHNICAL MEMORANDUM NO. 7 
 
 
DATE: October 19, 2005 Project No.:  423-02-03-01 
 
TO: Don Ridenhour, Project Manager 
 
CC: WATRTAC Members 
 
FROM: Gerry Nakano, Project Manager 
 Jim Connell, Project Engineer 
 Elizabeth Drayer, Project Engineer 
 
SUBJECT: 2050 Napa Valley Water Resources Study Project 
 Potential Local and Regional Water Supply Projects 
 

PURPOSE 

The purpose of this Technical Memorandum No. 7 (TM 7) is to describe several local and 
regional water supply projects which have the potential to resolve the valley-wide municipal and 
industrial (M&I) water supply deficit described in TM 6, Comparison of Demand Projections and 
Supply Capabilities1. This TM 7 describes the benefits, issues, and costs associated with these 
potential urban water supply and/or water reliability projects. This TM 7 also includes a 
discussion on the water supply projects previously recommended in the 1991 and 1992 studies. 

SUMMARY OF FINDINGS  

TM 6 provided a valley-wide comparison of incorporated (M&I) and unincorporated (rural 
residential, wineries, improved open areas, and agriculture) present and projected demands and 
available water supplies. The comparison of M&I supplies and demands suggests, based on the 
assumptions used in this 2050 Study, a supply deficit during single-dry years for the 2020 and 
2050 study periods and for multiple-dry years for the 2050 Study period. Excess supplies are 
currently available during all hydrologic conditions, and projected to be available in 2020 during 
normal and multiple-dry years, and in normal years in 2050. For Main Basin unincorporated area 
water users (the Main Basin doesn’t include groundwater users in the MST or Carneros areas), 
while unincorporated demands will be dependent upon climate, marketability of wine, and water 
supply availability, there could be a projected deficit in water supplies for all periods studied, 
except for present normal years. A summary of key findings of the 2050 Study follows: 
                                                 
1 Technical Memorandum No. 6, 2050 Napa Valley Water Resources Study Project, Comparison of Demand 
Projections and Supply Capabilities, prepared by West Yost & Associates, October 19, 2005. 
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• M&I areas are or will be facing water supply shortages and/or cutbacks in the future under 
various climatic conditions. 

• M&I is aggressively looking at ways to mitigate/deal with these projected supply shortfall 
periods. These agencies have organized and are evaluating opportunities, both as 
individual agencies and collectively, to address their existing and future water supply 
issues. 

• Unincorporated areas could be facing water supply shortages and/or cutbacks now under 
all hydrologic conditions except during a normal supply year, and will continue to face 
future water supply shortages under all climatic conditions if irrigated agricultural 
demands continue to increase. 

• Water demands are increasing in the unincorporated areas. Additional solutions beyond 
the initial evaluation of potentially providing recycled water to portions of the 
Milliken-Sarco-Tulucay (MST) area should be developed and explored. 

• The groundwater supply in the Main Basin is an extremely valuable resource for all Napa 
Valley residents and should be maintained. Historic, although somewhat limited, water 
level data indicates that current usage is within the “perennial yield” of the Main Basin. 
However, to ensure that water levels are maintained, additional data (groundwater 
monitoring) is required to better assess the impacts of increasing groundwater demands. 

• During wet periods, there are more than enough supplies available to provide for the needs 
for both M&I and unincorporated area demands. However, the issue is that there is not 
enough local storage available to provide “carry-over” storage from year to year in the 
locally available reservoirs. 

• Water supply projects involving increased diversions from the Napa River, or increased 
existing dam heights to expand local reservoir capacities, are probably not feasible due to 
increased regulatory and environmental concerns and high capital costs. 

SUMMARY OF CONCLUSIONS  

Based on the findings of the 2050 Study, several conclusions can be made. These conclusions 
reflect the importance of cooperation between and among the municipalities and various interests 
within the Napa Valley to ensure that the Valley’s valuable water resources will be available for 
use by existing and future generations. 

• Municipalities should pursue a number of diversified individual and/or joint projects to 
reliably meet the demands of existing and future users. One such project is the acquisition 
of “dry year supplies” from outside the County to increase the reliability of existing 
supplies. As described later in this TM 7, it may not be necessary for the municipalities to 
expand the capacity of the NBA to import new supplies. 

• Unincorporated area and agricultural water users are the primary users of groundwater in 
the County, with the exception of a very small quantity pumped by some of the municipal 
agencies. Unincorporated and agricultural demands will continue to grow and further 
increase extractions from the groundwater basin. As described in TM 5, based on the 
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estimated perennial yield of the Main Basin and the existing agriculture demands, about 
10 percent of the Main Basin’s available storage capacity is currently being used for 
“working storage” or seasonal use (10 to 15 percent is fairly typical). However, as 
agricultural demands continue to increase in the future, a larger percentage of the Main 
Basin’s storage capacity will be seasonally used. 

• Municipalities are also considering very small increases in the quantities of groundwater 
they pump. While municipalities may pursue individual project opportunities to increase 
the use of local groundwater resources, it is recommended that the groundwater basin be 
managed appropriately, if used as a supply source for M&I supply reliability during a 
drought condition. As municipalities are considering increases in groundwater pumpage, 
they should exercise caution as they move forward, so that they do not adversely impact 
existing groundwater users. 

• The use of recycled water or other alternative supply sources to meet non-potable water 
demands should be aggressively pursued, where possible, to offset groundwater and/or 
potable use. 

SUMMARY OF RECOMMENDATIONS 

Recommended water supply projects were grouped into three categories: 

• Regional Projects, 

• Individual Area Projects, and 

• Unincorporated Area Projects. 

Specific, individual water supply projects within each of these three categories are discussed in 
the following sections. 

Recommended Regional Project 

As described in this TM 7, the recommended regional water supply project is to maximize the use 
of the North Bay Aqueduct (NBA) through the acquisition of imported dry year supplies. This 
recommended project is also known as the “Fill the Pipe” alternative. This project involves 
maximizing the use the existing conveyance capacity in the NBA and importing water supplies 
acquired from other water agencies through supply agreements or options in dry years when 
deliveries from the State Water Project (SWP) to Napa County and other SWP Contractors are 
curtailed. A complete description of this proposed regional project is provided later in this TM 7. 

Recommended Individual Agency Projects 

As described later in this TM 7, each municipality has developed a prioritized list of potential 
water supply projects which they are considering. These individual projects include the following: 
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• Increasing the use of groundwater (either as a potable water supply, or a non-potable 
water supply to offset potable water use), 

• Expanding recycled water programs, 

• Exercising available water options to purchase additional supplies, 

• Purchasing additional entitlements, 

• Exploring opportunities to engage in the purchase of dry year water supply options, 
and 

• Modifying standard operational procedures and/or facilities to enhance available local 
water resources. 

Recommended Unincorporated Area Projects  

As described above in the Summary of Findings, for Main Basin unincorporated area water users, 
there appears to be a projected deficit in water supplies for all periods studied, except under 
current normal supply conditions. The potential projects/solutions to address these projected 
supply shortfalls are those being pursued by Napa County and the Napa Sanitation District 
(NSD), which involve the use of recycled water supplies in the MST area, and possibly in the 
Carneros area. No other regional or local projects are currently being considered. 

Also, to ensure that groundwater levels are maintained, additional groundwater level data should 
be collected to better assess the impacts of increasing pumpage. 

SUMMARY OF TM 6 SUPPLY AND DEMAND FINDINGS 

Comparison of Present and Future Annual Demand and Supply 

Previous TMs prepared for this 2050 Study have described the present and projected future M&I 
water demands for the incorporated areas of Napa County, in addition to the water demands in the 
unincorporated areas (rural residential, wineries, improved open areas and agriculture). TM 6 
provided a comparison of these present and projected demands to the water supplies available to 
Napa County municipalities and unincorporated areas during normal years, single dry years and 
multiple dry years. Table 1 provides a summary of the findings described in TM 6. 

The findings summarized in Table 1 are also graphically shown on Figures 1, 2 and 3. Figure 1 
demonstrates that M&I users only have projected supply shortfalls in single dry years under 
2020 and 2050 demand and during a multiple dry year drought condition under 2050 demands. 
On the other hand, as shown on Figure 2, unincorporated users have projected supply shortfalls 
under all hydrologic conditions, except under existing demands during a normal hydrologic 
year. As shown on Figure 3, if it is assumed that available supplies can be distributed among all 
parties, the combined M&I and unincorporated users experience multiple dry year shortfalls 
under 2020 and 2050 demands and single dry year shortfalls under present, 2020 and 2050 
demands. This indicates that while regional water supply solutions may be possible, closer 
attention should be focused on water supplies and supply reliability for unincorporated users, as 
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well as the different institutional issues which relate to and impact both M&I and agricultural 
water supplies and demands. 

Table 1. Summary of Water Supply Findings for 
Incorporated and Unincorporated Areas of Napa County 

Excess Supply (Shortfall), afa 
Hydrologic Condition Present 2020 2050 

Incorporated Areas (M&I Supply)(a) 
  Normal Year 16,590 14,987 10,679 
  Multiple Dry Year 6,037 3,127 (559) 

(3,354 af total for 6 
year drought) 

  Single Dry Year 344 (3,921) (7,604) 
Unincorporated Areas(b) 
  Normal Year 1,248 (1,340) (5,644) 
  Multiple Dry Year (1,596) 

(9,576 af total for 6 
year drought) 

(4,184) 
(25,104 af total for 

6 year drought) 

(8,488) 
(50,928 af total for 

6 year drought) 
  Single Dry Year (3,176) (5,764) (10,068) 
Combined Incorporated and Unincorporated Areas(c) 
  Normal Year 17,838 13,646 5,034 
  Multiple Dry Year 4,441 (1,057) 

(6,340 af total for 6 
year drought) 

(9,047) 
(54,282 af total for 

6 year drought) 
  Single Dry Year (2,832) (9,685) (17,672) 

(a) Source: TM 6 dated October 19, 2005, Table 4. Comparison of Projected M&I Supply and Demand. 
(b) Source: TM 6 dated October 19, 2005, Table 12. Comparison of Present and Projected 

Unincorporated Area Supply and Demand. 
(c) Source: TM 6 dated October 19, 2005, Table 13 Comparison of Combined Incorporated and 

Unincorporated Area Main Basin Supply and Demand. Assumes available supplies could be 
distributed among all parties to meet demands. 

TM 6 also provided supply and demand data for the individual municipalities within Napa County, 
including the cities of Napa, American Canyon, St. Helena and Calistoga and the Town of 
Yountville. Table 2 provides a summary of the supply surpluses, or shortfalls, projected for each 
municipality for normal, single dry and multiple dry years under present, 2020 and 2050 demands. 
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Table 2. Summary of Water Supply Findings for Individual Municipalities  
within Napa County(a) 

Excess Supply (Shortfall), afa Municipality/ 
Hydrologic Condition Present 2020 2050 

City of Napa    
  Normal Year 13,166 14,374 11,605 
  Multiple Dry Year 4,826 4,352 1,974 
  Single Dry Year 1,656 (38) (2,437) 
City of American Canyon    
  Normal Year 2,393 (194) (1,235) 
  Multiple Dry Year 789 (1,600) (2,485) 
  Single Dry Year (256) (2,891) (3,776) 
Town of Yountville    
  Normal Year 480 621 621 
  Multiple Dry Year 498 663 663 
  Single Dry Year (97) 68 68 
City of St. Helena    
  Normal Year 61 71 (152) 
  Multiple Dry Year (319) (363) (552) 
  Single Dry Year (655) (512) (679) 
City of Calistoga    
  Normal Year 490 115 (160) 
  Multiple Dry Year 243 74 (159) 
  Single Dry Year (304) (547) (781) 

(a) Source: TM 6 dated October 19, 2005, Attachment B, Comparison of Incorporated Area Water Supplies 
and Demands. 

Figures 4 through 8 graphically demonstrate the individual supply surpluses and shortfalls for 
each municipality. Figure 4 indicates that the City of Napa will experience shortfall in single dry 
years under 2050 demands. Figure 5 indicates that American Canyon will experience shortfalls 
for single dry years under present demands and for normal, single dry and multiple dry years 
under 2020 and 2050 demands. Figure 6 indicates that the Town of Yountville will experience a 
shortfall for a single dry year under present demands, but has supply surpluses in future years 
under normal, single dry and multiple dry years (due to the construction of a new municipal 
supply well). Figure 7 indicates that the City of St. Helena experiences shortfalls for single dry 
years and multiple dry years under present, 2020 and 2050 demands and in normal years under 
2050 demands. Figure 8 demonstrates that the City of Calistoga experiences shortfalls for single 
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dry years under present, 2020 and 2050 demands and for normal and multiple dry years under 
2050 demands. 

DWR has recently indicated that State Water Project (SWP) deliveries could potentially be 
reduced to only 5 percent of agency’s Table A Entitlement during a catastrophic event. If such an 
event were to occur, it is anticipated that each municipality would mandate emergency water 
conservation measures and would do whatever was necessary to reduce water demand to within 
the available supply. Table 3 presents the anticipated supplies, normal demands and required 
demand reduction for each municipality under such a catastrophic emergency event. 

Table 3. Water Supply Findings for Individual Municipalities within Napa County during a 
Catastrophic Water Supply Reduction 

Municipality Present 2020 2050 

City of Napa 
Reduced Supply (5 percent SWP Delivery), afa 12,680 12,985 12,990 
Normal Demand, afa 15,370 18,798 21,643 
Required Demand Reduction, percent 20 30 40 
City of American Canyon 
Reduced Supply (5 percent SWP Delivery), afa 818 1,631 1,631 
Normal Demand, afa 2,187 6,459 7,500 
Required Demand Reduction, percent 65 75 80 
Town of Yountville 
Reduced Supply (5 percent SWP Delivery), afa 180 480 480 
Normal Demand, afa 520 679 679 
Required Demand Reduction, percent 65 30 30 
City of St. Helena 
Reduced Supply (5 percent SWP Delivery), afa 1,124 1,340 1,411 
Normal Demand, afa 2,092 2,179 2,458 
Required Demand Reduction, percent 45 40 45 
City of Calistoga 
Reduced Supply (5 percent SWP Delivery), afa 238 256 256 
Normal Demand, afa 910 1,285 1,560 
Required Demand Reduction, percent 75 80 85 
 

As shown in Table 3, the cities with the highest dependence on SWP supplies are impacted the 
most by such a catastrophic event. The cities of Napa and St. Helena, which have alternative 
water supplies to the SWP supply, would have the lowest required demand reduction during the 
catastrophic event. However, the cities of American Canyon and Calistoga would require extreme 
demand reduction measures. This is largely due to these cities’ high dependence on SWP water 
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supplies. The Town of Yountville is also extremely dependent on SWP water supplies at present; 
however, once groundwater supplies become available to Yountville, the dependence on SWP 
water supplies decreases, resulting in lower required demand reduction during a catastrophic 
event in future years. 

Comparison of Present and Future M&I Maximum Day Demand and Production Capacity 

In addition to looking at overall annual demands versus available supplies in TM 6, WYA evaluated 
M&I maximum day demands and available production capacities. The evaluation indicated that there 
was an overall maximum day production deficiency of 4.4 mgd (6.6 cfs) based on 2050 M&I 
maximum day demands and production capacities2. This relatively small deficiency would seem to 
indicate that Napa County’s participation in the proposed expansion of the North Bay Aqueduct 
(NBA) may not be worthwhile and that a local solution may be more appropriate to meet the 
projected maximum day production deficiency. 

Upon closer evaluation of the maximum day demand and production capacities, it is evident that the 
maximum day production deficiencies indicated in TM 6 can be primarily attributed to the City of 
American Canyon, based on its projected maximum day demand and production capabilities. The 
American Canyon projected maximum day production capacity includes the potable water delivered 
through the Vallejo potable water distribution system. The current potable water maximum day 
delivery is 1 mgd, projected to increase to 2 mgd in the near future, then remain at 2 mgd for the 
foreseeable future (2020 and 2050). This water supply is not dependent on the NBA for conveyance. 
As shown in Table 4 and Figure 9, the maximum day production deficiencies for the City of 
American Canyon are 4.7 mgd based on 2020 maximum day demands and 6.6 mgd based on 
2050 maximum day demands. The other municipalities, including the cities of Napa, St. Helena and 
Calistoga and the Town of Yountville, either have maximum day production surpluses or very small 
maximum day production deficiencies (less than 1 mgd). The City of American Canyon’s production 
deficiency primarily stems from the fact that American Canyon’s water treatment plant production 
capacity is constrained by the conveyance capacity in the NBA. Based on this analysis it would seem 
that the City of American Canyon could potentially benefit from the proposed expansion of the NBA. 
However, because Napa County’s other SWP contractors (the cities of Napa and Calistoga and the 
Town of Yountville) do not have a maximum day production deficiency, they would not need or 
likely desire to contribute to the proposed NBA expansion. Therefore, it may be beneficial for the 
City of American Canyon to pursue alternative water supplies to meet its maximum day production 
deficiency. Some of the projects which the City of American Canyon is considering are described 
in the Potential Local Water Supply Projects section below. 

                                                 
2 Table 6. Present and Projected M&I Maximum Day Production, Technical Memorandum No. 6, 2050 Napa Valley 
Water Resources Study Project, Comparison of Demand Projects and Supply Capabilities, prepared by West Yost & 
Associates, October 19, 2005. 



Technical Memorandum No. 7 FINAL 
October 19, 2005 
Page 9 
 
 

West Yost & Associates J:\clients\423\03-01\admin\finaltmsrev\tm7 

Table 4. Summary of M&I Maximum Day Demands and 
Production Capabilities for Individual Municipalities within Napa County 

Maximum Day Demand, Production 
Capabilities and Surpluses (Deficiencies), mgd 

Municipality/Parameter Present 2020 2050 

City of Napa    
Maximum Day Demand 27.4 33.6 38.6 
Maximum Day Production Capacity 
(includes Hennessey WTP, Milliken WTP 
and Jamieson WTP) 

35.0 43.4 43.4 

Maximum Day Surplus (Deficiency) 7.6 9.8 4.8 

City of American Canyon    
Maximum Day Demand 3.9 11.5 13.4 
Maximum Day Production Capacity 
(includes American Canyon WTP and 
Vallejo Potable Water) 

6.6 6.8 6.8 

Maximum Day Surplus (Deficiency) 2.7 (4.7) (6.6) 

Town of Yountville    
Maximum Day Demand 0.9 1.2 1.2 
Maximum Day Production Capacity 
(includes Rector and Jamieson WTP) 

1.5 1.6 1.6 

Maximum Day Surplus (Deficiency) 0.6 0.4 0.4 

City of St. Helena    
Maximum Day Demand 3.7 3.9 4.4 
Maximum Day Production Capacity 
(includes Louis Stralla WTP and 
Stonebridge Wells) 

3.9 3.9 3.9 

Maximum Day Surplus (Deficiency) 0.2 0.0 (0.5) 

City of Calistoga    
Maximum Day Demand 1.6 2.3 2.8 
Maximum Day Production Capacity 
(includes Kimball WTP and Jamieson WTP)

1.8 2.2 2.2 

Maximum Day Surplus (Deficiency) 0.2 (0.1) (0.6) 

Total Combined Maximum Day 
Surplus (Deficiency) for all Municipalities

11.3 5.4 (2.5) 
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REVIEW OF PREVIOUSLY EVALUATED WATER SUPPLY PROJECTS 

A number of potential water supply projects were previously evaluated in the 1991 and 1992 
studies. These projects, as discussed in TM 13, included the following: 

• Diverting water from the Napa River to Hennessey Reservoir during the October to 
May time period and enlarging Hennessey Reservoir to accept additional river 
diversions by raising Conn Dam and modifying the spillway, 

• Enlarging Bell Canyon Reservoir as a option for storage of diverted Napa River water, 

• Constructing a new reservoir on Carneros Creek, 

• Investigating a groundwater recharge/conjunctive use project using surface water from 
the Milliken-Sarco-Tulucay (MST) groundwater basin in the southeastern portion of 
the City of Napa service area. Municipal water supplies from Milliken used for 
groundwater recharge could be replaced with diverted Napa River flows into Lake 
Hennessey. The groundwater recharge project should be coordinated with a 
County-wide groundwater management strategy that protects groundwater resources. 

With regard to the proposed river diversions and reservoir enlargements listed above, no action 
has been taken. The proposed enlargement of Bell Canyon Reservoir was eliminated from 
consideration as a result of the 1992 Study. The enlargement of Hennessey Reservoir and the 
construction of a new Carneros Creek Reservoir have also been dismissed from further 
consideration. This is primarily due to the listing of steelhead as a threatened species under the 
Federal Endangered Species Act of 1997, potential increased flow release requirements, and 
increased regulatory concerns with maintaining habitat areas and flushing flows. Based on these 
concerns, the river diversion projects evaluated in the 1992 Study are not believed to be viable 
water supply alternatives. 

As described in TM 1, Napa County and the United States Geological Survey (USGS) have 
conducted a cooperative study of the MST Basin, and Napa County has begun a more 
comprehensive program of collecting and monitoring groundwater level information throughout 
the County. This information will be useful when evaluating the potential for increased 
conjunctive use of the groundwater basin (see Potential Regional Water Supply Projects below) 
or increased groundwater pumpage by individual municipalities (see Potential Local Water 
Supply Projects below). 

POTENTIAL LOCAL M&I WATER SUPPLY PROJECTS 

As discussed in TM 6, each municipality in Napa County is anticipated to experience a supply 
shortfall in present and/or future years under normal, single dry and/or multiple dry year 
conditions. Supply shortfalls will also occur for some municipalities as a result of a catastrophic 

                                                 
3 Technical Memorandum No. 1, 2050 Napa Valley Water Resources Study Project, Review of 1991 and 1992 
Studies, prepared by West Yost & Associates, October 19, 2005. 
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supply event. The individual municipal supply shortfalls are shown in Tables 2, 3 and 4 and 
Figures 4 through 9 of this TM 7. In response to these anticipated supply shortfalls, each 
municipality is actively evaluating individual water supply projects to ensure that the needs of 
their existing and future customers will be met. These individual projects include increasing the 
use of groundwater (either as a potable water supply or a non-potable water supply to offset 
potable water use), expanding recycled water programs, exercising available water options to 
purchase additional supplies, purchasing additional entitlements, exploring opportunities to 
engage in the purchase of dry year water supply options, and modifying standard operational 
procedures and/or facilities to enhance available local water resources. These projects, by 
individual agency, are discussed briefly below. 

City of Napa 

The City of Napa is considering the following water supply projects: 

Priority Projects 

1. Jamieson Water Treatment Plant Improvements: Allows the City to maximize the use 
of existing State Water Project entitlements and save local supplies in Lake Hennessey 
for dry-year use. 

2. Dry Year Water: Negotiate a long-term agreement for reliable dry year water supplies 
to be imported via the North Bay Aqueduct. Agencies that may have dry year supplies 
available include Sacramento River users, Butte County and City of Vallejo (possibly 
in partnership with the City of American Canyon). The City may want to consider 
joining a larger group of SWP Contractors in such an acquisition process. 

3. Purchase Additional SWP Entitlements: Acquire/purchase additional entitlements to 
Table “A” with SWP, either within Napa County or externally (i.e. Kern County 
Water Agency). 

4. Conjunctive Use: Store excess SWP entitlements in groundwater wells along the NBA 
pipeline (Solano County). 

5. Municipal Groundwater Well for Dry-Year Supply: Develop a groundwater source 
that will be used for dry-year supply. 

6. Recycled Water: Continue working with the Napa Sanitation District to further expand 
the use of recycled water to meet non-potable demands. 

Other Projects City of Napa may Consider 

1. Groundwater Wells for Schools/Parks: Develop on-site wells to provide non-potable 
supply at individual parks/schools, instead of using potable water supplies. The 
potable water saved through the use of groundwater supplies will then be available to 
meet other potable water demands. Converting the four schools with the highest 
demand would net a total annual savings of 150 AF of potable supply per year. 
However, the investment in well infrastructure may not be worth the gain in supply. 
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2. Maximize Use of Milliken Reservoir: Install treatment plant modifications so the 
Milliken source could be used year-around. However, the investment may not be 
worth the supply savings. Supply is only saved if use of Milliken reduces the supply 
required from Hennessey or Jamieson. However, since Hennessey spills frequently, it 
is unclear whether this would be worth the investment. 

3. Napa Pipe Wells: There are a number of large wells on the former Napa Pipe 
Corporation property near Napa. The property is not in the City limits but is adjacent 
to it. The property may be developed in the future, and if so, will need a water supply. 
Existing wells have unknown quality/quantity. 

City of American Canyon 

The City of American Canyon is moving forward with several projects or is considering the 
following water projects: 

1. Vallejo Potable Water: The City currently has an agreement with the City of Vallejo 
for options to purchase additional potable water in future years. The “option to buy” 
specific blocks of water can be exercised between now and 2021. If all of the 
remaining options were exercised, this would provide a total entitlement of 8,144, afa 
which would exceed demand in wet and average years.  Only one of the additional 
options was assumed in this study because that is what the current capacity connection 
fee provides for. 

2. Vallejo Raw Water: The City is investigating the purchase of additional raw water 
instead of potable water from the City of Vallejo. This would be more cost effective 
for the City of American Canyon. 

3. Purchase of Entitlements from Other Agencies: The City is currently investigating the 
purchase of State Water Project water entitlements that can be wheeled through the 
NBA system. In addition, the City is investigating the purchase of other water from 
Napa County agencies. This project could also include short term transfers and 
exchanges during drought years. 

4. Condition Assessment: The City will be completing a condition assessment beginning 
in October 2005 to estimate the quantity of real annual water losses within the City’s 
distribution system, facilitate future leak repair by pinpointing the locations of 
significant leaks, and develop an infrastructure replacement program that prioritizes 
repairs. Replacement of the several severely deteriorated pipelines is currently in 
progress. 

5. Recycled Water Distribution System: The construction of the recycled water 
distribution system is being conducted in phases. One customer is currently receiving 
recycled water and segments of recycled water pipeline to other customers have been 
constructed. It is anticipated that the recycled water distribution system will be 
completed as early as 2008. 

6. Using recycled water to meet agricultural demands: The one existing recycled water 
customer is a vineyard, and it is planned that a significant proportion of the identified 
potential customers are vineyards. 
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7. Continuing implementation of BMPs: The City has created and filled a new 
“environmental program specialist” position with water conservation being one of the 
duties of the position. The addition of this staff person ensures continued 
implementation of water conservation BMPs as well as establishing additional water 
conservation programs. 

8. Demand Management Standards for New Development: The City will look at 
additional demand management measures that go beyond the State requirements for 
water conservation to find additional water savings; for example, watering front yards 
and requiring commercial low-flow toilets. 

9. Groundwater Wells for Drought: The City is currently completing a preliminary 
groundwater study to determine the potential for groundwater resources available to 
the City.  Construction of municipal wells for drought contingency would be the 
objective, if groundwater sources can be identified. 

10. Dry Year Reserves: In order to be ready to purchase short term water during drought 
years and to ensure the fiscal health of the City’s water enterprise fund during drought 
years, the City is planning to establish dry year reserves. 

11. NBA Reliability Improvements: The City is supporting the improvements for the 
NBA, such as the terminal tank. The tank is not seismically retrofitted and can only be 
filled to 5.3 million gallons. The Joint Powers Authority is constructing two new tanks 
that will provide 10-million gallons storage that will result in better water quality and 
meet current seismic standards. 

12. Jamieson Canyon Reservoir: In 1994, the City of American Canyon, along with the 
Cities of Vallejo and Napa, investigated the feasibility constructing a 4000 acre-foot 
raw water reservoir in Jamieson Canyon for storage during the winter for summer use. 
The study found that the reservoir would cost approximately $47 million, and in today 
cost, would be $65-million or $16,000 per acre-foot. It was concluded that the project 
was not cost effective. 

Town of Yountville 

The Town of Yountville is moving forward with/considering the following water supply projects: 

1. Constructing a proposed municipal production well and wellhead treatment facilities, 
and 

2. Possibly expanding its recycled water program to increase the offset of existing water 
uses. 

City of St. Helena 

The City of St. Helena is considering the following water supply projects: 

1. Continuing negotiations with interested parties regarding long-term transfer of 
1,000 af of KCWA entitlements in exchange for water supply/wheeling capacity 
and/or money,  
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2. Possibly changing its institutional constraints which currently limit existing 
groundwater withdrawals for M&I uses, 

3. Possibly installing additional groundwater wells for potable use and/or non-potable 
use (to offset existing potable water uses), and 

4. Developing Title 22 recycled water supplies for non-potable use. 

City of Calistoga 

The City of Calistoga is considering the following water supply projects: 

1. Constructing additional wells with wellhead treatment, 

2. Possibly expanding its recycled water program (to increase potable water offset), and 

3. Purchasing the City of St. Helena’s KCWA entitlements. 

POTENTIAL LOCAL AGRICULTURE WATER SUPPLY PROJECTS 

The potential projects/solutions currently being pursued to address the projected supply shortfalls 
for the unincorporated areas (including rural residential, wineries, improved open areas, and 
agriculture) are those which are being pursued by Napa County and the Napa Sanitation District 
(NSD). These potential projects involve the use of recycled water supplies generated by NSD for 
use in the MST area, and possibly in the Carneros area. No other regional or local projects are 
currently being considered. 

Also, to ensure that groundwater levels are maintained, additional groundwater level data should 
be collected to better assess the impacts of increasing pumpage. 

POTENTIAL REGIONAL M&I WATER SUPPLY PROJECTS 

In addition to the individual water supply projects being considered by Napa County’s 
municipalities, a regional water supply project is proposed to address the present and projected 
supply deficits. The project is the maximized use of the North Bay Aqueduct (NBA) through the 
acquisition of imported dry year supplies (a.k.a. “Fill the Pipe”). 

It should be noted that implementation of one or more of the individual local agency water supply 
projects listed above would decrease the amount of water needed from a regional water supply 
project. The following sections describe the regional project in detail, along with potential 
benefits and issues, which are summarized in Table 5. 
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Table 5. Summary of Regional M&I Water Supply Project Considerations 

Consideration Description 

Project Name & Description Maximize Use of the North Bay Aqueduct (NBA) through the Acquisition of 
Imported Dry Year Supplies 

Quantity of Supply Deficit Single Dry Years: Up to 7,614 AF  
Multiple Dry Years: Up to 569 AF/yr for 6 years (3,414 AF) 

Project Beneficiaries Current SWP Contractors only: 
• City of Napa 
• American Canyon 
• Yountville 
• Calistoga 

Project Benefits • Does not require expansion of NBA 
• Utilizes existing NBA capacity even when SWP deliveries are curtailed 

Project Issues • Requires acquisition of non-local dry year supplies 
• Requires environmental review and SWRCB approval 
• Supply not available for non-SWP contractors (City of St. Helena and ag 

users) 
• Requires prior negotiation of a “supply option” to allow for “on demand” 

delivery in future single or multiple dry years based on hydrologic conditions 
• Multi-year dry year supply options have not yet been approved 
• Acquisition of imported water supplies can be expensive 

Project Costs • Legal and administrative costs associated with acquisition negotiations and 
agreements 

• Environmental consulting costs associated with preparation of EIR 
• Approximate water supply cost (see Table 7):  

— Annual Water Option Cost = $15/AF 
— Water Supply Cost (when called on) = $150/AF 
— Estimated Total Project Cost = $6.84 million 
— Estimated Total Project Cost = $310/AF of delivered water 

 

Maximize Use of the North Bay Aqueduct (NBA) Through the Acquisition of Imported Dry 
Year Supplies (a.k.a. “Fill the Pipe”) 

Background 

The North Bay Aqueduct (NBA) is a part of the State Water Project (SWP), which conveys SWP 
water to water users in Napa and Solano counties. The Napa County Flood Control and Water 
Conservation District represents the interests of those Napa County agencies obtaining supply 
from the NBA. The NBA is composed of a 27-mile long underground pipeline that runs from 
Barker Slough in the Delta to Cordelia Forebay, just outside of Vallejo. The size of the pipeline 
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varies from 72 inches in diameter at Barker Slough to 54 inches in diameter at Cordelia Forebay, 
then a 36-inch diameter pipeline from Cordelia to the turn-out reservoir at Jamieson Canyon. The 
NBA is operated remotely by the State Department of Water Resources (DWR). 

The contractual conveyance capacity of the Napa County Flood Control District’s entitlement in 
the NBA is 45.6 cubic feet per second (cfs). However, the estimated actual capacity of the NBA 
is only 40 cfs. The NBA conveys untreated water supplies to Napa and Solano counties from the 
SWP. Within Napa County, the NBA conveys water supplies for M&I purposes for the cities of 
Napa, American Canyon, and Calistoga, and the Town of Yountville. Annual deliveries from the 
SWP are based on a percentage of the contractual entitlement, which is established annually by 
DWR based on hydrologic conditions. Table 6 summarizes the estimated delivery percentages 
during various hydrologic conditions used for this 2050 Study. 

Table 6. Estimated SWP Deliveries During Various Hydrologic Conditions(a) 

Water Supply Year Yield Condition 

Percent of 
Entitlement Delivered, 

percent 

Exceedence 
Probability,  

percent 

Wet Year Maximum Yield 100 0 
Normal Year Average Yield 76 60 
Multiple Dry Year Reliable Yield 40 85 
Single Dry Year Perennial Yield 20 100 
(a) Based on SWP 2001 Reliability Report 

Currently, the NBA conveys only SWP supplies. Therefore, in single dry, multiple dry and even 
normal years, when SWP deliveries are less than 100 percent of contractual entitlements, the full 
existing capacity of the NBA is not utilized. If additional dry year supplies were to be acquired, it 
may be possible to utilize the NBA to convey those supplies to water users in Napa County. 

Project Description 

This proposed project would involve the acquisition of additional dry year supplies from water 
agencies outside of Napa County to be conveyed to project-participating M&I agencies within 
Napa County via the NBA in single and multiple dry years. This additional dry year water supply 
would only be available to existing SWP contractors in Napa County, namely the cities of Napa, 
American Canyon, and Calistoga, and the Town of Yountville4 (if they opt to participate in this 
proposed project). Other water users within Napa County (including the City of St. Helena, rural 
residential, wineries and agriculture in the unincorporated areas) would not have access to this 

                                                 
4 The City of St. Helena is not an SWP contractor and does not currently have access to conveyance capacity in 
the NBA. 
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additional supply, as the supplemental supply would be acquired and paid for by SWP contactors, 
and conveyed/distributed through facilities financed by only the SWP contractors. 

The project would require the acquisition of up to 7,604 acre-feet of dry year supplies for use 
during a single dry year and up to 559 acre-feet per year of dry year supplies for up to six years 
(totaling approximately 3,354 acre-feet) for use during a multiple year drought. 

Potential water agencies outside of Napa County with available dry year supplies for acquisition 
include water rights holders in the Sacramento Valley. Acquisition of dry year supplies will 
require extensive negotiations before an agreement can be finalized. Acquisition of dry year 
supplies will also require environmental review in accordance with the California Environmental 
Quality Act (CEQA), and review and approval by the State Water Resources Control Board 
(SWRCB). To date, while single year water transfers have become more commonplace, multi-
year transfers of this nature have not yet occurred. 

Potential Benefits 

The major benefit of this proposed project is that it takes full advantage of the existing NBA 
capacity and does not require a costly expansion of the NBA. This proposed project would take 
advantage of the existing capacity of the NBA in years when SWP deliveries are reduced through 
the acquisition of an alternative supply that can be delivered to Napa County users through the 
NBA. This “Fill the Pipe” project maximizes the use of the existing NBA facilities by continuously 
delivering water supplies to Napa County users, even when SWP deliveries are curtailed. 

This recommendation has the added benefit of allowing the unincorporated and agricultural water 
demand increases to continue to be served by groundwater. This will allow these existing 
groundwater users to take stewardship for maintaining the quality, reliability and integrity of this 
valuable resource for generations to come. 

Potential Issues 

The major issue associated with this proposed project is the need to negotiate a long-term 
agreement with a willing seller to acquire dry year water supplies. The water supply acquisition 
process can be a lengthy one, requiring extensive negotiations and legal review regarding the terms 
and conditions of the agreement. Such a supply acquisition will require an Environmental Impact 
Report (EIR) in accordance with CEQA, and review and approval by the SWRCB, both taking into 
account place of use issues and potential third-party impacts of the water supply transfer. 

Another issue is that the additional supply will be required in future undetermined years, based on 
hydrologic conditions. As such the agreement would have to be developed in such a way to allow 
for the Napa County water users to “exercise” or “call on” the water supply option in any 
particular year of need, and have this previously negotiated water supply quantity available for 
delivery on demand. 

Also, because the use of the NBA is limited to existing SWP contractors, additional dry year 
supplies acquired via this proposed project would not be available for use by non-SWP 
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contractors. Thus, this proposed project would not help resolve the projected supply shortfalls for 
the City of St. Helena or the county’s unincorporated areas. 

Project Costs 

The unit cost for imported dry year water supplies is somewhat variable, but is currently in the 
range of between $10 and $15 per acre-foot per year, to hold the option open. However, this unit 
cost increases significantly during years when water is actually called upon and delivered to the 
contractor. Unit costs for water called upon and delivered can range from $135/acre-foot to 
$150/acre-foot. Therefore, the total Project Cost, and the estimated cost per acre-foot of delivered 
supply, will depend on how often these dry year water supplies are called upon. 

The proposed project will also have upfront costs including engineering, planning, legal and 
administrative costs associated with the acquisition negotiations, and environmental consulting 
costs associated with environmental review process and EIR preparation. Table 5 provides a 
summary of anticipated costs and a listing of the planning considerations. 

Assuming a 45-year planning period (which would take the evaluation out to year 2050), and 
further assuming for planning and cost estimating purposes that during this 45-year period there 
will be two multi-year drought periods (each assumed to be the historic 6-year drought) and that 
two critical dry years would also occur during this period, then the costs in today’s dollars for 
these dry year supplies would be as shown in Table 7. 

Therefore, the total water supply project cost is estimated to be $6.84 million, and the cost per 
acre-foot of water delivered is approximately $310/acre-foot. Costs to perform the other project 
related components; EIR work, engineering support, legal review, negotiations of terms and 
conditions of agreement, and other miscellaneous costs are not included in this cost estimate. 

Table 7. Estimated Costs for Dry-Year Supplies over a 45-Year Planning Period 

Hydrologic Year 
Number of 

Years 

Water to be 
Delivered, 

AF 
Cost 

Component Cost Calculation 
Estimated Cost, 

$ million 

Normal (or Wet) 
Years  31 0 

Costs to 
“Hold 

Option” 

7,604 AF x 
$15/AF x 31 

years 
$3.54 million 

Multiple Dry Years 
(two 6-year periods 
assumed in 45-year 
period) 

12 6,708 

Costs to 
Exercise 
Multiple 

Year Option 

3,354 AF x 
$150/AF x 2 
multiple year 

droughts 

$1.01 million 

Single Dry Years (two 
single dry years 
assumed in 45-year 
period) 

2 15,208 

Costs to 
Exercise 

Single year 
Option 

7,604 AF x 
$150/AF x 2 

single dry years 
$2.28 million 

Totals 45 21,916   $6.83 million 
Cost Per AF of Water Delivered $312/AF 
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CONCLUSION 

As described in this TM 7, there are a number of regional and local water supply projects which 
have the potential to help resolve the projected water supply shortfalls within the Napa Valley. 
Although many of the projects can and may be implemented on an individual basis, it is clear that 
a cooperative approach to water resources management, involving the municipalities and other 
interests in the Napa Valley, will help ensure that the Valley’s valuable resources will be 
available for use by existing and future generations. 

GSN/JPC:ajb 
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Figure 1.  Napa County Incorporated Area (M&I) Supply and Demand
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Figure 2.  Napa County Unincorporated Area Supply and Demand
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Figure 3.  Napa County Combined Incorporated and Unincorporated Area Supply and Demand
(assumes available supplies can be distributed among all parties)
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Figure 4.  Annual Supply and Demand for the City of Napa
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Figure 5.  Annual Supply and Demand for City of American Canyon
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Figure 6.  Annual Supply and Demand for Town of Yountville
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Figure 7.  Annual Supply and Demand for City of St. Helena
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Figure 8.  Annual Supply and Demand for City of Calistoga
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Figure 9. Napa County M&I Maximum Day Demands vs. Production Capacities
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