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Executive Summary  

This Revised Basin Management Plan (BMP) identifies a Recommended 
Alternative to balance the groundwater basin and eliminate seawater intrusion 
in the Pajaro Valley. 
 
The Recommended Alternative includes the following elements: 
 

• Completion of Harkins Slough Project; 
 

• Water Conservation efforts of 5,000 acre-feet per year (AFY); 
 
• Completion of the remainder of the Coastal Distribution System (CDS); 

 
• Construction of an import water pipeline to convey 13,400 (AFY) of Central Valley 

Project (CVP) water plus five supplemental wells; 
 

• Acquisition of 22,300 AFY of Central Valley Project (CVP) water (to allow reliable 
delivery of 13,400 AFY); 
 

• Development of out-of-basin banking for assigned CVP water;  
 

• Development of 4,000 AFY of recycled water from the Watsonville Wastewater 
Treatment Plant; and 
 

• Watershed management programs that would include water resources monitoring, water 
metering, nitrate management, wells management, and recharge area protection. 

 
These improvements would be implemented by 2007.  The imported water volume stated above includes 
an allowance for potential water sales to users along the pipeline alignment.   
 
 
The annualized cost of the Recommended Alternative is $13.9 million. 
 
The estimated capital cost of the Recommended Alternative is $130.6 million, in Spring 2001 dollars.  
The annual O&M cost is estimated to be $4.4 million.  The cost estimate includes annual administration 
costs and annual average water banking costs for out-of-basin banking.  On an annualized basis, the cost 
of the Recommended Alternative is $13.9 million. 
 
These costs are expressed in 2001 dollars.  Inflation, which will occur between 2001 and actual project 
construction will increase these costs.  



Pajaro Valley Water Management Agency 
Revised Basin Management Plan   Executive Summary 

Page ES-2  
 
 
 

Table ES-1: Recommended Alternative Cost Estimate (Phase 1 and 2) 

Project Element Cost Estimate 
($ Millions) 

Coastal Distribution System  $34.4 

Conservation and Watershed Management Programs $1.7 

Harkins Slough Project with Harkins Slough Recharge Basin 
and Supplemental Wells and Connectiona $6.6 

Recycled Water Project (4,000 AFY) $19.2 

54-inch Import Water Project with Out-of-Basin Banking $87.3 

Construction Cost Subtotal $149.1b 

Financial & Bond Sale Cost @ 1.0% $1.5 

Recycled Water Grant (Title XVI) ($20.0) 

Total Capital Cost $130.6 

Annualized Capital Cost at 6% for 30 years $9.5 

Annual Operations & Maintenance Costs $4.4 

Total Annual Cost $13.9 

Footnotes: 
a. Includes $460,000 CalFed Grant. This project is complete except for three supplemental wells and 

associated piping. 
b. Subtotal reflects sum of individual project elements before rounding. 

Notes: 
1. Spring 2001 construction cost. 
2. Capital recovery factor (A/P) for 6% at 30 years is 0.07265. 
3. Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits 

Contingency of 17.5%, and Environmental and Permitting Contingency of 5%.   
 
 
To recover the $13.9 million in annualized costs, a differentiated flat rate is 
recommended, with one rate for users that pump groundwater and a higher rater 
for users that receive delivered water. 
 
California law requires that charges for water and other services be based on the cost of the service being 
provided.  For the Recommended Alternative, the recommended basis for establishing the cost of service 
for delivered project water and for augmented groundwater is: 
 

1. Recipients of delivered project water will pay the incremental cost of providing delivered project 
water to their properties as established by the incremental cost of constructing, operating and 
maintaining the Distribution System,  
 

2. All water users, including recipients of delivered project water, pay a proportionate share of all 
remaining costs associated with the Recommended Alternative.  
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Based on the estimated costs of the Recommended Project, as presented in Section 6, the proposed rate 
structure would be: 
 

Augmentation Charge $158/AF 
Delivered Water Charge $316/AF  
 

 
Rate increases would be gradual over the next six years. 
 
The Augmentation Charge would be increased on an incremental basis, assuming a successful election in 
March 2002.  On this basis, the Augmentation Charge would be increased gradually from its current level 
of $50/AF to $158/AF1.   
 
Upon completion of the project and delivery of project water, in approximately six years, the Delivered 
Water Charge would be applied to those water users receiving delivered water.  That is, those water users 
who stop pumping and receive delivered water would move to the higher rate when they receive delivered 
water. 
 
 
The Recommended Alternative was developed from a range of alternatives that 
represent a diversity of approaches. 
 
Development of a Recommended Alternative was originally undertaken in the Draft BMP 2000, 
published in May 2000.  However, public review of that draft document indicated the need to investigate 
a wider range of alternatives for basin management, and in particular, to focus on strategies with a greater 
reliance upon development of local water supplies.   
 
This Revised BMP was prepared in response to those concerns.  Four separate basin management 
strategies are presented in this document, including one that relies entirely on development of local water 
supplies, and another that relies heavily on imported supplies.  The remaining two strategies include the 
original management alternative presented in the Draft BMP 2000 and a modified version of that 
alternative which reduces its scope and cost.  These four strategies are: 
 

• BMP 2000 Alternative.  This strategy is similar to the one identified in the draft BMP 2000 
document published in May 2000.  Modifications to this Alternative between the BMP 2000 
document and this Revised BMP were limited to updating individual cost estimates.   

• Local-Only Alternative.  This strategy demonstrates the costs and implications associated with 
developing only local water supplies and storage projects within the Pajaro basin.  The Local-
Only Alternative was developed based on recommendations from local stakeholders, and 
information about this alternative is extracted from Local-Only Water Supply Alternative 
Evaluation (RMC, 2001).   

• Modified Local Alternative.  This strategy builds upon the projects that comprise the Local-
Only Alternative and maximizes potentially feasible local projects.  It supplements the local 
projects with the minimum quantity of imported water needed to balance supply with current 
demand.  The concept behind this alternative was developed based on recommendations from 
local stakeholders. 

                                                      
1 These rates are expressed in current dollars and would increase in the future with the overall rate of inflation. 
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• Modified BMP 2000 Alternative.  This strategy presents a modification of the BMP 2000 
alternative that reduces the size of the import pipeline. The size reduction is accommodated 
through in-basin storage with groundwater injection/extraction and elimination of the inland 
distribution system.  Other project components were also modified from the original BMP 2000 
alternative to maximize their cost effectiveness. 

 
All four of these strategies have a common basis that includes increased levels of water conservation and 
development of Harkins Slough, recycled water, supplemental wells, and the Coastal Distribution System 
(CDS).  Each of the four strategies builds upon these common elements and includes project elements 
necessary to balance the groundwater basin and eliminate seawater intrusion. 
 
 
The Recommended Alternative and associated rate structure were developed with 
extensive public involvement. 
 
In May 2000 the Draft BMP 2000 document was published outlining a range of alternatives to balance the 
groundwater basin and stop seawater intrusion.  Public comment on that document indicated that a wider 
range of alternatives should be considered before recommendations were made.  The wider range of 
alternatives needed to include strategies that used a greater degree of local water supplies.  In response to 
this concern, PVWMA prepared the Draft Revised Basin Management Plan, which was released for 
public and stakeholder review in August 2001.   
 
From August to December 2001 public workshops and public hearings were held to present, discuss and 
receive comments on the range of alternatives and rate structures that should be implemented.  In 
addition, written comments from the public at large and regulatory agencies were received.  With these 
comments and feedback available, the PVWMA Board of Directors developed the above-described 
Recommended Alternative and recommended rate structure to fund the improvements. 
 
The Recommended Alternative uses the Modified BMP Alternative as a basis and adds several 
enhancements to address the concerns and issues raised by water users, the public at large, and regulatory 
agencies.  The enhancements include an allowance of imported CVP water for potential water sales to 
interested users along the import pipeline alignment, and the use of out-basin water banking in the near 
term rather than the ASR wells provided in the Modified BMP Alternative.  It was found to be more cost 
effective in the near term to use out-of-basin banking than meet the regulatory treatment requirements 
associated with ASR. 
 
The Recommend Alternative also includes potential future development of several local water supply 
projects.  Although these projects do not appear viable at this time, future conditions may make them 
more attractive.  These potential projects include Watsonville Slough, College Lake, and Murphy 
Crossing projects. 
 
 
The need for the project is due to the adverse impacts of excessive groundwater 
pumping in the Pajaro Valley.  
 
Numerous studies conducted over the past fifty years have documented that the Pajaro Valley 
groundwater basin is in an overdraft condition, i.e., the amount of water withdrawn exceeds the amount of 
water replenishing the basin.  Today, groundwater pumping provides approximately 69,000 AFY toward 
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the total PVWMA area water demand of 71,500 AFY.  Existing well data maintained by the United States 
Geological Survey (USGS) and the PVWMA indicate that areas of depressed groundwater levels are 
expanding in the Pajaro Valley groundwater aquifers and that the groundwater elevations regularly fall 
below sea level.   
 
This trend has caused seawater intrusion in the PVWMA service area because the ocean pushes seawater 
inland to raise the water table until equilibrium is reached at sea level.  Well data collected since 1998 
indicate that seawater intrusion (evidenced by chloride levels exceeding 100 mg/L) is more extensive than 
previously reported, and chloride levels ranging from 200 mg/L to 8,500 mg/L have been observed in a 
number of deeper wells.  The extent of seawater intrusion is illustrated on the following page in 
Figure ES-1. 
 
 
Future increases in water demand will make current situation worse. 
 
Overdraft of the groundwater basin and seawater intrusion are problematic at the current level of water 
demand.  Projected increases in urban and agricultural water use will cause further problems if this 
situation is not rectified.  Urban water use has increased by 86% in since 1964, and the current urban 
water use of 12,200 AFY is projected to increase an additional 32% (3,900 AFY) to approximately 
16,100 AFY by the year 2040.  If the current trend in cropping patterns continues towards more water-
intensive crops such as strawberries and raspberries, agricultural water use could increase from 59,300 
AFY to 64,400 AFY by the year 2040.   
 
 
Solving this situation will require a combination of management practices and 
additional water sources. 
 
To eliminate the overdraft conditions and seawater intrusion, water demand must be brought into balance 
with sustainable water supplies.  This balancing of demand with sustainable supply will require a 
combination of water conservation, modified pumping practices and development of new water sources. 
 
 
To develop and assess a range of scenarios, the magnitude of the problem was 
defined. 
 
By modeling current ‘baseline’ conditions, the sustainable yield of the basin (the maximum amount of 
groundwater that can be extracted from the aquifer system without causing adverse effects) can be 
estimated.  With this estimate in hand, alternative strategies to balance the basin can be developed.   
 
The sustainable yield of the Pajaro Valley groundwater basin was estimated using the Pajaro Valley 
Integrated Ground and Surface Water Model (PVIGSM).  This complex model simulates groundwater 
conditions in the Pajaro Valley groundwater basin using geologic and hydrologic conditions, current 
pumping conditions, and other basin characteristics.  The modeling approach involved incremental 
reductions of groundwater pumping estimates until stable groundwater levels were observed (i.e., 
recharge = demand) and seawater intrusion was eliminated.   
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Model results indicate that, under current pumping practices, a 65% reduction in basin-wide groundwater 
pumping (45,000 AFY) is necessary to eliminate seawater intrusion.  Under this scenario, the sustainable 
yield of the groundwater basin is approximately 24,000 AFY (69,000 AFY – 45,000 AFY), or 
approximately one third of the current average annual demand on groundwater supplies.   
 
However, the basin sustainable yield could be doubled if pumping in the coastal areas was eliminated.  
Therefore, every proposed solution considered in this document includes stopping groundwater pumping 
at the coast and replacing it with water that would originate from other areas. The PVIGSM showed that 
this modification to current pumping practices would create a hydrostatic barrier that would prevent 
seawater intrusion.  This scenario necessitates a dependable supplemental water supply and construction 
of a coastal distribution system to provide coastal agricultural users with water.   The basin sustainable 
yield estimated for this scenario is 48,000 AFY. This estimate assumes a 100 percent reliable supply with 
very little variation in year-to-year availability of water. 
 
The basin yield would be less if the total irrigation demand were reduced because there would be less 
basin recharge.  Thus, the Local-Only alternative, which would significantly reduce total irrigation, would 
result in a lower sustainable yield from groundwater. As a result of this influence, the actual basin yield 
would be approximately 42,000 AFY for the Local-Only alternative.    
 
 
Management measures that do not involve the construction of new projects can 
deliver significant benefits.   
 
The following management measures have been identified to reduce water demand, increase the yield of 
the groundwater basin, and maintain optimal water quality: 
 

• Demand management options to reduce water demand; 
• Pumping management options to increase the sustainable yield of the groundwater basin; and 
• Watershed management options to protect water resources. 

 
Demand Management.  Demand management measures include options such as water conservation, water 
pricing, and land retirement.  The PVWMA developed Water Conservation 2000 (WC 2000) to serve as a 
guidance document for achieving cost effective increases in water conservation.  This plan identified cost-
effective opportunities that would result in the conservation of approximately 4,500 AFY in agriculture 
water use and 500 AFY in urban water use.  Water pricing is one of the options considered in WC 2000 
for promoting water conservation.  The PVWMA could either increase its current flat rate charge of 
$50/AF, or implement a tiered water pricing system in which the price of water increases as the amount of 
water consumed exceeds certain threshold values.  A third option available is land fallowing.  This option 
involves the acquisition, or leasing of agricultural land and elimination of irrigated agriculture on that 
land.  It should be noted that the latter two options have extensive socioeconomic impacts and would have 
to be investigated in greater detail before they could be implemented. 
 
Pumping Management.  As stated previously, the PVIGSM simulation of groundwater levels and 
seawater intrusion in the Pajaro Valley groundwater basin indicates that coastal groundwater pumping 
reductions would be more effective at preventing seawater intrusion than basin-wide pumping reductions.   
Provided that a supplemental water supply is available to coastal users, elimination of coastal pumping 
would nearly double the basin sustainable yield. 
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Watershed Management.  Groundwater quality and stability could be enhanced by implementing 
watershed management measures that would monitor water resources, reduce nitrate pollution, protect 
key areas of recharge, meter water use, and specify a well management protocol.  These management 
plans would help to preserve water resources in the Pajaro Valley and would provide data for future 
evaluation of basin conditions.  
 
 
Additional water supply, storage and distribution projects will be required in 
order to balance the basin and eliminate seawater intrusion.   
 
As shown in Table ES-2, water conservation and pumping management alone will not satisfy the water 
demand within the Pajaro Valley, and development of additional water supplies is essential to balancing 
the groundwater basin.  Although basin balance would be achieved by developing 16,000 AFY of 
supplemental supply, PVIGSM results indicate that elimination of approximately 18,500 AFY of 
pumping along the coast is required to eliminate seawater intrusion. 
 

Table ES-2: Required Additional Water Supplies, Assuming Water Conservation 

Optimization Option Balancing Current 
Conditions (AFY) 

Balancing 2040 
Conditions (AFY) 

Agricultural Demand 59,300 64,400 

Urban Demand 12,200 16,100 

Total Demand 71,500 80,500 

Corralitos Filter Plant (1,100) (1,100) 

Other Surface Water Diversions (1,000) (1,000) 

Total Groundwater Demanda 69,000 (rounded) 78,000 (rounded) 

Current Basin Sustainable Yield (24,000) (24,000) 

Future Increased Yield Due to Pumping Management at 
Coast and Reliable Supplemental Supply Projectsb (24,000) (24,000) 

Water Demand without Conservation 21,000 30,000 

Increased Agricultural Conservation (Achieved by 
2010)c (4,500) (4,500) 

Increased Urban Conservation (Achieved by 2010)c (500) (660) 

Required Additional Supplyd 16,000 25,000 (rounded) 

Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
b. The amount achieved if supply is 100% reliable.  With less reliable supply, the amount of increased yield would 

be lower.  The amount of increased groundwater yield of the Alternatives (except Local-Only Alternative) 
developed in Section 5 would be 24,000 AFY given their level reliability.    

c. Conservation to be achieved over several years, but is included in both Current Conditions and 2040 Conditions to 
show impact on levels of demand for both conditions. 

d. This value represents the supplemental supplies required to meet the overall water balance in the basin assuming 
100% supply reliability.  However, PVIGSM results indicate that elimination of approximately 18,500 AFY of 
pumping along the coast is required to eliminate seawater intrusion.  
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The quality of the additional water supplies is also important.  
 
Although Table ES-2 provides a breakdown of the quantity of additional water supplies required to 
balance the basin, it does not address the water quality requirements for these supplies.  The water 
supplied to balance the basin must be suitable for its intended uses.  Specific water quality parameters of 
concern for agricultural irrigation include: 
 

• Salinity,  
• Sodium hazard,  
• Chloride and sodium toxicity, and 
• Pathogens (such as Phytophthora).  
 

The tolerance of crops to various water quality constituents can vary by crop and soil type, and different 
varieties of the same crop can exhibit markedly different growth responses to waters of similar quality.  
Crop tolerance to (1) constituents in the irrigation water, (2) soil conditions, and (3) prevailing climate are 
important factors in assessing the suitability of a particular water for irrigation.  In order to minimize 
health impacts and optimize crop yield, the stated water quality objectives are 500 mg/L TDS, 140 mg/L 
chloride, and an adjusted SAR of 3.0.    Only water supplies that meet these standards, or can be treated or 
blended to meet these standards, are considered viable supplies in the Revised BMP. 
 
 
The Revised BMP identified and assessed a wide range of additional water 
supply sources. 
 
Listed below are the projects that were analyzed in the Revised BMP.  They were combined in various 
ways to develop the range of alternatives presented above.  Analysis of these projects allowed an 
exhaustive assessment of the role that local water and out of basin supplies could play in an overall 
strategy to balance the groundwater basin and stop seawater intrusion.  Table ES-3 identifies which water 
supply projects were selected for the given strategies and reiterates the issues associated with each 
project.  Locations of these project components are shown in Figure ES-2, and brief descriptions of each 
project are provided below: 
 

Coastal Distribution System (CDS).  This project is necessary to eliminate coastal pumping and 
optimize the basin without affecting current agricultural practices in coastal areas.  The CDS will 
deliver water to those areas where coastal pumping will be eliminated, and will consist of nearly 26 to 
30 miles of pipeline delivering water to over 200 agricultural parcels.  (See Figure 4-2).   

Harkins Slough Project w/ Supplemental Wells and Connection.  This project involves seasonal 
percolation of diverted Harkins Slough water into the Harkins Slough recharge basin for storage until 
the irrigation season, when it will be extracted and delivered to the CDS for distribution.  This project 
also includes the construction of additional water supply wells to supplement the deliveries of 
extracted Harkins Slough water. The construction of the Harkins Slough diversion structure and 
recharge basin was completed in Fall 2001.  The expected yield from Harkins Slough is 
approximately 1,100 AFY, with additional water being provided by the supplemental wells. (See 
Figure 4-1). 

Murphy Crossing with Recharge Basins.   The Murphy Crossing Project involves the diversion of 
water from the Pajaro River between December and May for direct irrigation use and for storage in 
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the underlying aquifer at four recharge basins.  During the summer irrigation season, the stored water 
would be extracted and used for irrigation purposes.  The expected yield for the Murphy Crossing 
Project is approximately 1,600 AFY, including both direct use and underground storage.  However, 
this project cannot be implemented until environmental concerns brought forth by the Department of 
Fish and Game (DFG) and the National Marine Fisheries Service (NMFS) are addressed. (See Figure 
4-6). 

Watsonville Slough with North Dunes Recharge Basin.  The Watsonville Slough Project would 
expand on the Harkins Slough Project by diverting water from Watsonville Slough between 
December and May for storage in the groundwater aquifer. Diverted water would be filtered and 
stored in the shallow groundwater aquifer at the proposed North Dunes Recharge Basin.  The 
expected yield for the Watsonville Slough Project is approximately 1,200 AFY.  Implementation of 
this project will require the PVWMA to obtain a water rights permit, and a likely mitigation measure 
for this permit could be restoration of Watsonville Slough.  (See Figure 4-7). 

College Lake, Pinto Lake Diversion.  The College Lake Project would increase the total storage 
capacity of the lake from approximately 1,400 AF to approximately 2,000 AF via construction of a 
new headgate/weir structure.  Diversion of water to the lake from the Pinto Lake drainage channel 
would increase total flow into the lake.  Water would remain in College Lake until needed to meet 
irrigation demands.  (See Figure 4-8).   

The expected yield for the College Lake Project is approximately 1,800 AFY. Although the PVWMA 
submitted a water rights application for the College Lake Project to the SWRCB in 1995 and 
completed CEQA evaluation in May 1999, protests by DFG and NMFS have slowed the permitting 
process.  This project cannot be implemented until the concerns regarding steelhead trout raised by 
these agencies are addressed and a water rights permit for the Pinto Lake diversion is secured.   

Expanded College Lake Project w/ Pinto Lake, Corralitos Creek, Harkins Slough, and 
Watsonville Slough Diversions, and Aquifer Storage and Recovery.  This project would build 
upon the College Lake project discussed above, and would increase the total storage capacity of 
College Lake to 4,600 AFY via construction of an earthen dam and saddle dam and additional 
diversions from Corralitos Creek, Harkins Slough and Watsonville Slough.  This project would also 
involve the use of Aquifer Storage and Recovery (ASR), injecting surface water through wells into 
the groundwater aquifers for later extraction and delivery for irrigation purposes.  (See Figure 4-9). 

The expected yield for the Expanded College Lake Project is approximately 6,700 AFY.  In order to 
implement this project, the PVWMA would have to (1) coordinate with DFG and NMFS to address 
environmental concerns, (2) coordinate with the Division of Safety of Dams to secure the necessary 
permits for dam construction, (3) secure a water rights permit for Corralitos Creek, and (4) coordinate 
with the Regional Water Quality Control Board (RWQCB) to establish water quality requirements for 
use of ASR. 
 
Recycled Water (4,000 AFY) with Blending Facility.  This project involves the construction of 
additional treatment processes and a blending facility at the Watsonville Wastewater Treatment 
Facility (WWTF) for production of recycled water suitable for irrigation purposes.  Water quality data 
indicate that the recycled water salinity concentrations and TDS values exceed irrigation water quality 
objectives; therefore, a blending facility or additional treatment will be required to reduce these 
concentrations.  The expected yield of the Recycled Water Project is approximately 4,000 AFY.  
Implementation of this project will require continued coordination efforts between the PVWMA and 
the City of Watsonville, as well as additional permits for the WWTF operations. (See Figure 4-3). 
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Recycled Water Project, Southeast Dunes Recharge Basin (6,000 AFY).  This project includes the 
construction of the recycled water treatment facilities and blending facility described above, along 
with the Southeast Dunes Recharge Basin for underground storage of recycled water in the shallow 
groundwater aquifer during low irrigation demand periods.  Stored water would then be extracted 
during the irrigation season.  Water quality concerns are as described in the previous project; 
however, the Regional Water Quality Control Board may impose additional levels of treatment due to 
concerns over recharge consisting of recycled water.  The expected yield of this project is 6,000 AFY.  
Implementation of this project will require various funding mechanisms and coordination with 
jurisdictional agencies.  (See Figure 4-4). 
 
Recycled Water Project, Harkins Slough Recharge Basin, North Dunes Recharge Basin 
(7,700 AFY).  This project combines the Recycled Water Project and blending facility with the 
Harkins Slough and North Dunes Recharge Basins to provide underground storage of recycled water 
in the shallow groundwater aquifer.  Water would then be extracted during the irrigation season via 
extraction wells constructed at both recharge basins.  Water quality concerns are the same as 
described for the other recycled water projects.  The expected yield of this project is approximately 
7,700 AFY.  Funding and permitting will also be the main implementation issues for construction of 
this project.  (See Figure 4-5). 
 
Inland Distribution System.  This project involves construction of the Inland Distribution System 
(IDS) to provide a supplemental supply of water to agricultural users located east of Highway 1.  The 
purpose of the larger distribution system is to provide a greater reduction in overall groundwater 
pumping during periods of high availability of supplemental water supplies, providing a greater 
reduction in total basin pumping, and thus allowing a greater amount of groundwater to remain in 
storage.  The increased amount of groundwater left in storage is then pumped during periods of time 
when the surface supplies are less than adequate to meet the irrigation needs of the IDS, with the 
pumped groundwater serving to supplement the available surface supplies.  The IDS will deliver 
water to those areas where coastal pumping will be eliminated, and will consist of nearly 20 miles of 
pipeline.  (See Figure 4-11).   
 
Import Water Project.  This project involves the construction of a 23-mile import pipeline for 
transport of CVP water to the proposed CDS.  The PVWMA currently has a future CVP entitlement 
of 19,900 AFY and an existing contract for 6,260 AFY (acquired from Mercy Springs Water District) 
from the United States Bureau of Reclamation (USBR).  Additional CVP water could be purchased as 
needed from other water contractors (See Figure 4-10).   

However, contracting for the entitlement of 19,900 AFY requires resolution of issues relating to Title 
34 – Central Valley Project Improvement Act (CVPIA).  The CVPIA restricted the USBR from 
entering into new long-term water supply contracts until it fulfills various environmental 
requirements.  Since the USBR is not expected to fulfill these requirements for several years, 
negotiations for a new CVP contract for PVWMA’s 19,900 AFY entitlement have been delayed.  
Alternatively, the PVWMA could purchase additional supplies similar to its purchase of the Mercy 
Springs Water District CVP contract.     

The Draft BMP 2000 evaluated three alternatives for construction of the import pipeline:  42”, 54” 
and 60”- diameter pipelines.  These projects and an Out-of-Basin Water Banking program are 
discussed below:  

 
60-inch Import Water Project w/ Inland Distribution System (IDS) and Supplemental Wells.  This 
project would involve the construction of a 60” import pipeline to support an initial maximum 
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flow rate of 75 cfs, along with an IDS and supplemental wells to provide in-lieu recharge and dry 
weather supply, respectively.  The larger diameter pipeline provides greater flexibility to adapt to 
potential increases in future water needs.  The expected yield for this project is approximately 
10,300 AFY.   
 
54-inch Import Water Pipeline with Aquifer Storage and Recovery.  This project would involve 
the construction of a 54” import pipeline to support a maximum flow rate of 75 cfs, and would 
use ASR (injection/extraction wells) to store and recover CVP water from underground aquifers 
in the basin.  Prior to injection, the CVP water would be filtered for compliance with water 
quality requirements.  The expected yield for this project is approximately 11,900 AFY. 
 
42-inch Import Water Pipeline with Aquifer Storage and Recovery.  This project is similar to the 
54” pipeline project described above except that the smaller pipeline diameter would only support 
a maximum flow rate of 40 cfs.  The expected yield for this project is approximately 6,900 AFY. 
 
Out-of-Basin Banking Option.  An Out-of-Basin Water Banking program would establish a basis 
for the PVWMA to partner with another CVP contractor to allow PVWMA CVP water supplies 
to be delivered to another CVP contractor during wet years, and during dry years, the CVP 
contractor would provide a portion of their CVP water to the PVWMA.   This option increases 
the reliability of the CVP supply, and minimizes the need for additional local storage facilities 
and the size of delivery pipelines.  Out-of-Basin Banking is contingent on developing and 
negotiating an agreement with one or several CVP contractors/agencies.  The expected yield for 
an Out-of-Basin banking option could be equivalent to either the in-basin in-lieu recharge or the 
in-basin ASR options. 

 
Bolsa de San Cayetano, Pajaro River Diversion.  This project would provide surface storage of 
5,000 AF for Pajaro River diversions and would capture limited runoff from a 723-acre drainage area.  
The expected yield of this project is 5,000 AFY; however, there are significant seismic hazards 
associated with this project and implementation would require considerable effort with regard to 
permitting and environmental coordination.  (See Figure 4-12). 
 
Seawater Desalination.  This project would involve the construction of a desalination (reverse 
osmosis) plant for treatment of Monterey Bay seawater to provide agricultural irrigation water.  The 
quality of water and yield of this plant would be dependent on the design of the treatment system.  
Although this project would produce a highly reliable water supply, implementation of this project is 
inhibited by its high cost of operation, particularly the cost of energy, and the difficulty in securing a 
discharge permit for the brine discharge.   
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Table ES-3:  Projects Selected for Each Basin Management Strategy 

Project BMP 
2000 

Local- 
Only 

Modified 
Local 

Modified 
BMP Issues and Comments 

5,000 AF Water 
Conservation ♦ ♦ ♦ ♦ 

To be achieved by 2007 

Harkins Slough Project ♦ ♦ ♦ ♦ Nearly complete. 

Coastal Distribution 
System ♦ ♦ ♦ ♦ 

Necessary to eliminate coastal pumping to 
maximize groundwater yield. 

Recycled Water Project  
(4,000 AFY) ♦   ♦ 

Blending facility required to meet water 
quality requirements; additional permits 
required. 

Recycled Water Project  
(6,000 AFY) 

  ♦  
Blending facility required to meet water 
quality requirements; additional permits 
required; additional treatment for recharge 
of recycled water. 

Recycled Water Project  
(7,700 AFY)  ♦   

Blending facility required to meet water 
quality requirements; additional permits 
required; additional treatment for recharge 
of recycled water. 

Murphy Crossing Project ♦    Protests from DFG; additional studies 
requested by NMFS. 

Watsonville Slough 
Project  ♦ ♦  Water rights permit; restoration of the 

slough probably required. 

College Lake Project   ♦  Protests by DFG and NMFS; water rights 
permit required. 

Expanded College Lake 
Project  ♦   

Same issues as above two projects; plus 
water rights permit required for Corralitos 
Creek.  Injection may require reverse 
osmosis treatment. 

60” Import Water Project ♦    
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts. 

54” Import Water Project    ♦ 
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts; requires filtration for injection. 

42” Import Water Project   ♦  
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts; requires filtration for injection. 

Additional 5,000 AFY 
Water Conservation via 
Land Fallowing 

 ♦   
Requires the equivalent of 2,200 acres of 
basin-wide land fallowing, or 
approximately 800 to 1,000 acres of 
fallowing near the coast. 

Bolsa de San Cayetano 
Project     Significant seismic, environmental and 

cost issues eliminated this component. 

Seawater Desalination     Permitting difficulties for disposal of 
brine; cost-prohibitive. 
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Several criteria were used to assess each basin management strategy.   
 
To further differentiate between the four basin management strategies, each alternative was evaluated 
based on the following non cost criteria: 
 

• Can Meet Existing and Future Water Needs.  This criterion evaluates the ability of the selected 
alternative to provide the infrastructure and water supply needed to meet existing and future 
demands.  This is a key element for a given strategy because population growth and agricultural 
crop changes in the Pajaro Valley are expected to  significantly increase water demand.  

• Limited Dependence on Out-of-Basin Water Supplies. This criterion evaluates the dependence 
of the selected alternative on out-of-basin supplies.  Strategies that mainly rely on the 
development of water supplies that will be directly controlled by the PVWMA are considered to 
be ‘locally sustainable,’ although the effects of a drought may be greater than for an import 
alternative. 

• Minimizes Regulatory Hurdles.  This criterion evaluates the likelihood of being able to 
implement the selected alternative without having to overcome significant regulatory or 
permitting hurdles.  An example of such a hurdle would be obtaining a permit for percolation of 
recycled water since it is unclear whether the RWQCB and other regulatory agencies would allow 
recycled water percolation without advanced treatment (e.g. reverse osmosis) beyond Title 22 
levels. 

• Meets Water Quality Goals.  This criterion evaluates the ability of the selected alternative to 
provide a water supply of suitable quality for its intended users.  For example, alternative 
strategies that rely heavily on recycled water are expected to have the lowest water quality while 
alternative strategies that rely more on CVP water are expected to have the highest water quality. 

• Economic Impact.  This criterion evaluates the impact to the local economy that would result 
from the selected alternative.  For example, strategies that have higher costs or require fallowing 
of significant amounts of farmland would have the greatest economic impacts. 

 
Cost was another criterion used to compare the four basin management strategies.  In terms of cost per 
acre-foot to meet current water demands, the Modified BMP 2000 alternative was found to be the most 
cost-effective with estimated cost of $198/AF. The Local-Only alternative has the highest unit cost at 
$259/AF.  Furthermore, the Local-Only alternative has significantly higher cost risks than the Modified 
BMP alternative.  These costs risks are related to the cost of meeting regulatory requirements for 
groundwater recharge with recycled effluent and for the surface water diversions that comprise the Local-
Only alternative.  For example, if the Department of Health Services requires higher levels of treatment 
for groundwater recharge with recycled effluent, the unit cost of the Local-Only Alternative could rise by 
as much as $30/AF, which would result in a cost of $289/AF.  (The unit costs in this paragraph assume a 
uniform flat water rate.) 
 
The unit costs presented in the previous paragraph relate to the cost of meeting today’s water demand in 
the PVWMA service area.  The costs of meeting future demands would inherently be greater since 
additional supplies would have to be developed.  The costs for meeting future demands need further 
development, but would include additional projects to provide increased supply, as well as a pro rata 
share of the project costs to balance the groundwater basin at today’s conditions.  As do existing water 
users, future water users benefit from the projects that balance the basin at today’s conditions. 
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A summary comparison of each basin management strategy with respect to the criteria identified above is 
provided in Table ES-4. 
 
Table ES-4:  Summary Comparison of the Basin Management Strategies 

Comparison Criteria BMP 2000 Local - Only Modified 
Local 

Modified 
BMP 

Total Yield (AFY) 64,000 56,000 64,000 64,000 

Capital Costs ($ Million)a $162 $128 $148 $138 

Adjusted Total Annualized Costs ($ Million)b $14.5 $14.6 $13.7 $12.6 

Cost per AFc ($/AF) $226 $259 $215 $198 

Cost per AF + PVWMA Delivery Charge to 
Those Receiving Delivered Water ($/AF) d $318 $351 $307 $290 

Can Meet Future Water Demands?  √ 
 √ √ 

Limited dependence on out-of-basin supplies?  √ √  

Minimizes significant 
regulatory/implementation hurdles? √   √ 

Meets Water Quality Goals?  √  √e √ 

Requires Land Fallowing or Other Measures 
with Significant Economic Impact?  √   

Footnotes: 
a. Includes pro rata share of costs to balance basin at today’s conditions and costs of additional water supplies 
b. Annualized costs included annualized capital cost, operation & maintenance costs  
c. Unit cost is applied to all water users based on first quarter, 2001 construction costs (assumes uniform flat rate) 
d. Includes delivery charge of $92/AF for those customers receiving delivered water 
e. Water quality goals are met only during certain times of the year 

 
 

Conclusions 
 
Conclusions that can be drawn from the comparison of Basin Management Strategies presented in Table 
ES-4 include: 
 

• The Local-Only alternative has the lowest capital cost, but high operations costs, does not 
meet water quality goals, does not provide the ability to meet future water needs, and is the 
most costly alternative on a cost per acre foot basis. 

• The BMP 2000 alternative has the highest capital cost and is the second most costly 
alternative on a cost per acre-foot basis. 

• The Modified Local alternative is the second least expensive on a cost per acre-foot basis, 
relies heavily on local supplies, but cannot consistently meet water quality objectives. 
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• The Modified BMP alternative is the least costly on a cost per acre-foot basis, meets the 
water quality goals, and provides flexibility to meet future demands.  For these reasons it 
formed the basis of the Recommended Alternative. 
 

In developing the Recommended Alternative, the Modified BMP alternative was enhanced to include 
additional CVP water supply to allow greater flexibility in stopping seawater intrusion and balancing 
water demands during peak conditions.  (These changes are described in Section 6.) 
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1 Purpose of the Revised BMP 

Pumping of groundwater to meet water demand within the Pajaro Valley Water Management Agency’s 
(PVWMA) service area has caused a significant drop in groundwater elevations, resulting in seawater 
intrusion.  These impacts indicate that current groundwater pumping practices are in excess of the 
sustainable yield of the groundwater basin, and must be corrected.  Continued over pumping of the 
groundwater basin will lead to continued seawater intrusion, rendering an ever increasing portion of the 
groundwater basin unusable for agricultural irrigation and potable uses.   
 
The purpose of the Revised Basin Management Plan (BMP) is to present and evaluate basin management 
strategies and to select a Recommended Alternative that will enable the PVWMA to:   
 

• Balance water demand within the PVWMA service area with sustainable water supplies; 
• Prevent seawater intrusion in the area served by the PVWMA; and 
• Initiate long-range programs to protect water supply and quality within the basin. 

 
The management strategies evaluated in this plan include a range of potential projects dealing with 
development of local surface water supplies, recycling of treated water from Watsonville Wastewater 
Treatment Facility (WWTF), storage of water in the groundwater aquifers (groundwater banking) for dry 
years, storage of water for delivery during irrigation demand, and importation of water from the Central 
Valley Project (CVP).  Also included are possible non-structural projects such as demand management 
measures, modification of pumping practices, and land fallowing. 
 
Each strategy was developed as a concept initiated by the public and/or the PVWMA. A full evaluation of 
all potential projects was conducted, both inside and outside the PVWMA service area. The resulting 
strategies are presented in this document, and are considered to be the best scenarios for each concept.  

 
• BMP 2000 Alternative.  A recommended alternative was previously identified in the original 

draft BMP 2000 document.  This strategy involved the implementation of several projects, 
including importation of water, storage of water in the groundwater aquifers (banking) via in-lieu 
recharge, development of local water supplies, and water conservation.  However, public review 
of that document indicated the need to further assess the merits of other management alternatives.  
This strategy is included in the Revised BMP for comparison purposes. 

 
• Local-Only Alternative.  This strategy focuses solely on the development of local water supplies 

and implementation of demand reduction measures to balance the basin. It does not include any 
projects that involve importation of water from outside sources, but does develop storage of local 
supplies in both College Lake and in the groundwater aquifers through percolation and aquifer 
storage and recovery1 (ASR). 

 
• Modified Local Alternative.  This strategy consists of a small import water project (42-inch 

pipeline) with ASR and local water supply projects including the Harkins Slough Project, a 
Watsonville Slough Project with North Dunes Recharge Basin, a College Lake Project with Pinto 
Lake Diversion, and a Recycled Water Project with the Southeast Recharge Basin. This 
alternative is a modification of the Local-Only Alternative eliminating land retirement and 
incorporating a minimum diameter import pipeline. 

                                                      
1 Aquifer storage and recovery consists of injection and extraction wells used to bank water during above normal 
water years and provide supplemental supply during below normal water years. 
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• Modified BMP Alternative. This strategy consists of an import water project with ASR and 
local water supply projects including the Recycled Water Project and the Harkins Slough Project. 
This alternative is a modification of the BMP 2000 Alternative eliminating the Murphy Crossing 
Project and the Inland Distribution System. This alternative evaluates ASR in conjunction with 
CVP supply and a reduced import pipeline size. 

 
These strategies build upon the 1993 BMP and incorporate several of the local water supply projects that 
were recommended in that Plan.  Since completion of the 1993 BMP, the PVWMA has conducted studies 
and evaluations of local water supply projects, published a number of studies, including the draft BMP 
2000, and is completing construction of the Harkins Slough Project.  In addition, the PVWMA has 
completed extensive groundwater evaluations and modeling that have been used to quantify the extent, 
magnitude, and character of the overdraft situation.  This information was used in the development and 
assessment of the strategies presented herein. 
 
Following completion of the Draft Revised BMP, the PVMWA proceeded with public workshops and 
outreach effort to engage the public and stakeholders of the considered strategies. The public was 
encouraged to comment on the proposed projects and strategies so that the PVWMA could finalize a 
recommended strategy that is responsive to the concerns and needs of its water users.  A companion draft 
Environmental Impact Report (EIR) was also completed in September 2001 and was available for public 
review and comment.  The Final EIR is scheduled for certification by the PVWMA Board of Directors in 
February 2002. 
 
The Modified BMP 2000 Alternative was selected as the basis for the Recommended Alternative based 
on guidance from the PVMWA Board of Directors.  The PVWMA Board of Directors identified the 
Modified BMP 2000 Alternative with minor enhancements as the Recommended Alternative after taking 
into account the public and stakeholder input, engineering and cost evaluations, environmental impacts, 
and direction from PVWMA staff.  The Recommended Alternative is summarized below and is described 
in detail in Section 6. 
 

• Recommended Alternative. This alternative consists of an import water project with out-of-
basin banking, and local water supply projects that include the Recycled Water Project and the 
Harkins Slough Project. In addition, five supplemental wells are to be constructed along the 
import pipeline alignment.  Flexibility is provided to allow sale of imported water to users along 
the pipeline alignment, if there is interest by these growers.  This alternative also includes 
recommendations to enhance and develop existing and new watershed management programs.  

 
The Revised BMP includes an implementation section (Section 7) identifying schedules and important 
tasks, and a water rate section (Section 8) describing the recommended funding plan.  Following 
completion, the Revised BMP will be presented to the PVWMA Board of Directors for approval and 
adoption of a Recommended Alternative strategy.  The Final EIR will also be presented to the Board of 
Directors for its certification.  
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1.1 Organization of the Revised BMP 

The Revised BMP is organized into eight major sections as follows: 
 
Section 1 – Purpose of the Revised BMP.  This section describes the purpose of the Revised BMP and 
its relationship to the 1993 BMP and the draft BMP 2000.  Section 1 also presents the organization of this 
report. 
 
Section 2 – State of the Basin.  This section describes the current state of the groundwater basin that 
provides nearly all of the water used in the PVWMA service area.  It describes the degree of overdraft 
that has occurred in the basin and how this has caused seawater intrusion. This section also describes the 
sustainable yield of the groundwater basin under current irrigation, pumping, and water demand 
conditions.   
 
Section 3 – Management Measures.  This section describes the options available to minimize water 
demand as well as options than can be used to increase the sustainable yield of the groundwater basin.  
These options include water conservation and land retirement.  This section also describes watershed 
management programs that could be implemented to protect water resources in the Pajaro basin.   
 
Section 4 – New Water Supply Projects.  This section describes the new water supply projects that 
could be used in conjunction with measures from Section 3 to balance the basin.  These projects include 
new surface water supplies, recycled water, importation of water from outside the basin, and water 
storage options. 
 
Section 5 – Basin Management Strategies.  This section combines the projects described in Sections 3 
and 4 in different combinations to develop alternative Basin Management Plans. The alternatives 
presented range from total reliance on local water supplies to major reliance on imported water supplies.  
A total of four strategies are presented and compared on non-cost and cost bases.   
 
Section 6 – Recommended Alternative.  This section details the Recommended Alternative including 
water conservation, import water project with out-of-basin banking, water recycling project, Harkins 
Slough Project, and various watershed management programs.  The Recommended Alternative was 
identified based upon guidance from the PVWMA Board of Directors and public input.  In addition, this 
section includes a discussion of the selection process and the outreach efforts completed by the PVMWA 
during development of the Revised BMP. 
 
Section 7 – Implementation.   This section identifies schedules and outlines important implementation 
tasks of the Recommended Alternative.   
 
Section 8 – Potential Rate Plan for Recommended Alternative.  This section identifies a differential 
flat rate structure as the recommended potential rate structure to be implemented to recover project costs 
for the Recommended Alternative.  This section also includes discussion on rate limitations, other 
potential rate structures, and the public process utilized to identify the recommend rate plan. 
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2 State of the Basin 

This section of the Revised BMP summarizes the groundwater basin conditions within the PVWMA 
service area.  The purpose of this section is to present: 
 

1. The current state of the basin; 
2. Underlying assumptions for the Pajaro Valley Integrated Groundwater Surface Water Model 

(PVIGSM) development; and 
3. Results of the basin sustainable yield analyses for existing and future conditions. 

 
Most of the data, references, and conclusions are taken from the PVWMA State of the Basin Report 
distributed by the Agency in April 2001 and the PVIGSM Technical Memoranda (TM) finalized in June 
2000 (Montgomery Watson/AT Associates, 1999-2000).  The State of the Basin Report and the PVIGSM 
Technical Memoranda provide a more thorough presentation of the Pajaro Valley groundwater basin 
geology, hydrology, and hydrogeology.  
 
As documented in numerous groundwater studies conducted over the past 55 years, the Pajaro Valley 
groundwater basin is in an overdraft condition.  An overdraft condition occurs when the amount of water 
withdrawn exceeds the amount of water replenishing the basin. The rate of seawater intrusion in the 
groundwater basin has also been increasing recently.  In general, a combination of both overdraft 
conditions and seawater intrusion has limited the fresh groundwater supply needed to sustain the long-
term agricultural and urban economy of the Pajaro Valley.   
 
The first step in developing and assessing scenarios to alleviate the basin overdraft and seawater intrusion 
is to develop an understanding of the magnitude of the problem.  By modeling the current ‘baseline’ 
conditions, the sustainable yield of the basin (the maximum amount of water that can be extracted from a 
groundwater basin without causing adverse effects) can be estimated. With this estimate of sustainable 
yield in hand, alternative strategies to balance the basin can be developed. 
 
The PVIGSM was developed to assess the behavior of the groundwater basin under current baseline 
conditions and to assess the merits of alternative strategies to balance the basin.  It is a dynamic finite 
element model that simulates the balance of groundwater in the Pajaro Valley basin using geologic and 
hydrologic conditions, current pumping conditions, water supply and demand conditions, and other basin 
characteristics.  The model uses numerical algorithms to solve coupled differential equations and creates a 
mass balance within the model grid.  The PVIGSM was developed to assist in:  
 

• Gaining knowledge of the historical conditions of the groundwater basin; 
• Evaluating the present state of the groundwater basin; 
• Estimating the sustainable yield of the basin; and  
• Evaluating the impact of potential alternative water supply scenarios on the integrated surface 

water and groundwater system.  
 
 
2.1 Basin Boundaries 

This section describes the hydrologic boundaries of the Pajaro Valley groundwater basin used in the 
development of the PVIGSM, the political boundaries of the PVWMA, and the relationship between the 
two.  The boundaries of the PVIGSM model area were generally drawn along the lines of hydrogeologic 
features in order to make the model as accurate as possible.  These boundaries are not exactly the same as 
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the boundaries of the PVWMA.  Figure 2-1 shows the boundaries of both the model and the PVWMA 
service area. 
 

Figure 2-1: PVWMA Service Area and PVIGSM Model Area 

 

Notes: 
1. Total Model Area (less Monterey Bay) = 96,500 Acres 
2. PVWMA Area = 79,600 Acres 

 
Results from the model were adjusted to account for the area of the model outside of the PVWMA service 
area.  Because of the high degree of overlap between the two areas, the adjustments were modest and did 
not affect the validity of the model results.  
 
The total model area is approximately 146,700 acres, of which 96,500 acres are on-shore lands. The 
PVWMA service area of 79,600 acres lies generally within the on-shore model area except for a 
mountainous area on the eastern boundary that has little arable land and is of little consequence to the 
hydrogeology of the service area. 
 
Political and model boundaries are described below: 

PVWMA Boundary 

PVIGSM Model Boundary 
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Westerly Boundary: The western boundary of the Pajaro Valley groundwater basin extends far offshore 
under the Pacific Ocean.  There are no known faults or other physical boundaries that prevent seawater 
intrusion when groundwater levels are low.  The boundary condition was set to simulate constant head 
uniformly increasing from the coast to offshore, thereby simulating the density gradient due to seawater 
intrusion.  
 
The PVWMA jurisdictional boundary follows the coastline and parallels the Pajaro Valley groundwater 
basin. 
 
Easterly Boundary:  The San Andreas Fault trends along the eastern edge of the Pajaro Valley.  
Impermeable rocks east of the fault act as a barrier to groundwater flow into or out of the Pajaro Valley 
groundwater basin, creating a well-defined geologic boundary for the model.  The boundary condition for 
modeling purposes was set to no groundwater flow and a small amount of simulated surface flow from 
small watersheds. 
 
The PVWMA jurisdictional boundary parallels the fault line following the Santa Clara and Santa Cruz 
County border.  Although the PVWMA jurisdictional boundary was politically based, it reasonably 
follows the Pajaro Valley groundwater basin. 
 
Northerly Boundary: The northern boundary is set at the watershed divide.  Boundary conditions for the 
model were set to general head conditions from the Soquel-Aptos basin.  
 
In general, the northern PVMWA boundary is a political boundary.  At this boundary, the groundwater 
basin is shared with areas outside of PVMWA jurisdiction.  There is no definitive geologic basis for the 
northern PVWMA jurisdictional boundary except for those areas where it follows the watershed divide.  
 
Southerly Boundary: The relatively impermeable clays found in Elkhorn Slough to the south of the 
Pajaro Valley prevent north-south groundwater flows, creating a well-defined geologic barrier.  Inland of 
the Slough, the groundwater can move either north or south depending on the pumping or hydrologic 
conditions; the groundwater boundary is not well-defined. Boundary conditions for the model were set to 
general head in the North Monterey County area and constant head at the Elkhorn Slough area. 
 
The PVWMA jurisdictional boundary has both a physical and political basis extending up Elkhorn 
Slough and to the south of Carneros Creek.  In the Elkhorn Slough area, the PVWMA jurisdictional 
boundary was drawn to follow the groundwater divide.  Inland of the slough, the boundary follows the 
surface water divide.   
 
 
2.2 Basin Geology 

This section describes the shape and structure of the Pajaro Valley groundwater basin and water-bearing 
formations. A basic understanding of the local basin geology is necessary to appreciate how the Pajaro 
Valley groundwater basin, although quite complex and composed of many hydrogeologic units, is 
geologically interconnected and functions as a single groundwater basin.  The basin geology will dictate 
how current groundwater pumping and irrigation practices affect groundwater levels throughout the basin. 
 
The fundamental understanding of the geologic structure of the basin has not changed significantly since 
the State Water Resources Control Board (SWRCB) first evaluated the basin in 1953, although the 
amount of information available regarding basin geology has increased in the past 48 years.  As part of 
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the development of the State of the Basin Report, recent well logs and geophysical data were reviewed, 
and a Geographical Information System (GIS) was used to prepare visual representations of the available 
geologic data, including cross sections of the basin and maps of the aquifer and aquicludes.  This was 
done to confirm that the model accurately represents the basin geology of the Pajaro Valley. 
 
The water-bearing units in the Pajaro Valley include the alluvial, dune sand, terrace deposits, and the 
various layers of the Aromas sands and Purisima formation.  Table 2-1 summarizes the sediment layers 
underlying the Pajaro Valley and briefly describes their water-bearing characteristics.  Figure 2-2 shows 
the geologic units exposed at the surface in the Pajaro Valley. 
 

Table 2-1: Water Bearing Units of the Pajaro Valley (Youngest to Oldest) 

Formation General Character Water-Bearing Properties 
Dune 
Deposits 

Unconsolidated, well sorted, fine to medium 
grained quartzose sand.  In part, actively drifting. 

Largely unsaturated, but where 
saturated yields water to wells in 
small quantity, unconfined. 

Alluvium Unconsolidated gravel, sand, silt, and clay.  
Underlies the alluvial plain and extends into 
adjoining stream canyons. 

Permeable; yields moderate 
quantities of water to wells. 

Terrace and 
Pleistocene 
Eolian 
Deposits 

Cross-bedded gravel, sand, silt, and clay.  Marine 
origin near La Selva Beach.  Non-marine 
elsewhere. 

Permeable where sufficiently 
thick; yields moderate quantities 
of water to wells. 

Aromas Red 
Sands 

Semi-consolidated, quartzose brown to red sand 
with some clay layers.  Deposited in an eolian 
environment and by meandering and braided 
streams. 

Permeable; yields moderate 
quantities of water to wells.  
Main producing aquifer. 

Purisima 
Formation 

Poorly indurated sand, silt, clay, and shale; some 
gravel.  Extensive shale beds in lower part of 
formation.  Mostly marine in origin, three subunits 
locally: upper member is a poorly indurated fine 
sand with silt and clay layers, some gravel; middle 
member is a poorly indurated medium to fine sand 
with silt and clay layers, some gravel; lower 
member is a poorly indurated sand with and shale 
layers. 

Moderately permeable.  Lies at 
considerable depth beneath the 
valley area, so tapped by few 
wells.  Water bearing properties 
are largely unknown, but upper 
and middle members probably 
will yield moderate quantities of 
water. 

 
The majority of wells producing usable water have been developed in the Alluvium and Aromas sands 
formations in the upper 1,000 feet of the groundwater basin.  The geology in this upper stratum is quite 
complex and is composed of a variety of alluvial materials that mix and intersperse with the Aromas 
sands.  These alluvial materials generally comprise the upper 100 to 200 feet of the basin and vary greatly 
in composition. 
 
The upper part of the Aromas sands formation is found beneath the alluvium, roughly 100 to 200 feet 
below sea level, and is the most intensively pumped.  The lower part of the Aromas sands formation 
extends to approximately 900 feet below sea level near the mouth of the Pajaro River.  The Aromas sands 
formation slopes upward to the north, and both its lower and upper parts can be observed at the surface to 
the north in the Soquel-Aptos area.  The Aromas sands thin out toward the northern part of the Pajaro  
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Valley and interlace with terrace deposits and other more recent sediments.  The Aromas sands formation 
contains aquifers separated vertically by layers of discontinuous clays that reduce the flow of water both 
vertically and horizontally.  The water-producing zones within the Aromas sands formation can vary 
greatly in their ability to transmit water.  The clay layers between the alluvial material and Aromas 
aquifers tend to be thin, however thick clay layers are present between the Aromas and Purisima, which 
account for the significant age difference of water in these two formations (Hanson, 1999). 
 
The primary confining clays are thickest in the middle of the Pajaro Valley and trend roughly parallel to 
the Pajaro River; they thin inland toward Watsonville and the mountains. As one moves into the 
Corralitos area, the clay layers become thinner and discontinuous.  It should be noted that in the upper 
part of the aquifers in and around Corralitos, one continuous clay layer creates a perched water region.  
This perched water table is above the main aquifer, as indicated by water level data.  Near the coast, in 
both the San Andreas and Springfield Terrace areas, these clays are either absent, thinly layered, or 
discontinuous.  Therefore, recharge from streamflow or deep percolation of rainfall can still reach the 
primary aquifer units in the Aromas sand layers through breaches in the clay, but is constrained by the 
presence of these less permeable layers. 
 
2.3 Basin Hydrology 

This section describes the hydrologic state of the basin and summarizes the hydrological data set that was 
used to develop the PVIGSM. 

2.3.1 Basin Surface Waters 

The Pajaro River is the largest coastal stream, measured by annual flows, between San Francisco Bay and 
the Salinas River.  It contributes substantial surface inflow in the Pajaro Valley groundwater basin.  The 
total drainage area of the Pajaro River above the Chittenden gauging station is approximately 1,200 
square miles.  Annual stream flow, as recorded at the Chittenden gauging station averaged 124,640 AF, 
with a minimum of only 766 AF in 1997 and a maximum of more than 653,889 AF in 1983 (PVWMA, 
April 2001). 
 
Salsipuedes Creek is the largest tributary of the Pajaro River within the PVWMA.  Salsipuedes Creek 
receives 11,350 AF of flow from Corralitos Creek and 4,700 AF from the College Lake Watershed.  
Corralitos Creek drains the northern region of PVWMA through a network of streams, which include 
Brown, West Branch, Rider Creeks, and an unnamed tributary that drains Pleasant Valley and the eastern 
side of the Calabasas Hills.  The College Lake Watershed drains the northeastern region of the PVWMA 
service area through a network of streams, which include Green Valley, Casserly, and Hughes Creeks.  
Together Corralitos Creek and the College Lake Watershed drain approximately 57 miles, which is 
approximately half of the PVWMA service area.   
 
The small streams that drain the Pajaro Valley have two distinct areas that contribute to flow in the 
surface water system.  In mountainous regions, the streams are underlain by the Purisima formations, 
while in the lowlands streams are underlain by the Aromas or younger alluvial material.  The Purisima is 
more consolidated and contains more fine-grained sediments than the Aromas or the alluvial fill.  
Therefore, the mountain and lowland reaches of the streams are distinguished by a ten to twenty-fold 
difference in mean amounts of runoff, which they contribute to the surface water system (AMBAG, July 
1984).  A single drainage can contain flow in the mountain region and be completely dry in the lowland 
region.  The lowland region does not contribute flow to the surface water system except in large storm 
events or winter storm patterns that deliver frequent precipitation over a short amount of time. 
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College Lake is a seasonal water body in a natural depression created by the Zayante Fault located to the 
north of the intersection of Holohan Road and Highway 152, near the St. Francis Cemetery.   The Lake 
captures runoff from an 11,000-acre watershed (CH2M Hill, February 1999).  The College Lake 
Reclamation District was formed in the early 1900s by landowners impacted by the flooding of the 
natural depression.  The Reclamation district owns and operates the existing pumps that drain the lake.  
Under existing conditions pumping commences in April and is completed by May.  The lakebed is then 
planted with 2 to 3 rotations of row crops before it fills with winter runoff. 
 
A network of sloughs drains the northwestern region of the PVWMA service area.  These sloughs include 
Harkins, Hansens, West Branch, Galligans, Struve, and Watsonville Sloughs.  Harkins Slough has the 
largest drainage area of all the sloughs and therefore has the largest annual average flux of 3,000 AF.  The 
upper reaches of Harkins Slough originate in Larkin Valley and remain dry throughout most of the year 
only flowing during and following storm events.  In this region of the sloughs, the channel is heavily 
overgrown and is mostly contained within a ditch along Larkin Valley Road.  The lower portions of 
Harkins Slough are flat with wide flood planes that are mainly contained in a north-south trending valley 
located in the western region of the PVWMA service area. 
 
Watsonville Slough has an annual average flux of 2,000 AF and receives flow from the Hansens, Struve, 
and West Branch Slough.  Just before Shell Road, Harkins Slough enters Watsonville Slough as a 
tributary.  In this area, the sloughs are generally shallow, open channels with broad floodplains that store, 
convey, and drain precipitation and irrigation.  Slough bottomlands typically contain water year-round, 
but the slough system experiences great seasonal variation.  Water balance indicates that monthly 
outflows to the Pajaro River Lagoon may range from 1,800 AF in January to less than 100 AF in July 
with the yearly total averaging 5,000 AF (AMBAG, June 1999). 
 
Carneros Creek enters the southeastern boundary of the PVWMA service area and flows on an east-west 
trend through the area south of the Pajaro River and discharges into Elkhorn Slough.  In large part, this 
creek and Elkhorn Slough define the southern boundary of the PVWMA service area.  Carneros Creek 
has an annual average discharge of 2,800 AF, which is the largest source of freshwater to the Elkhorn 
Slough Watershed.  
 
Historic streamflow data for the Pajaro River show wide fluctuations from year to year.  Records are 
available from 1940 to the present.  Figure 2-3 shows annual streamflow values at Chittenden gage on the 
Pajaro River.  Flow on the Pajaro can be used as a proxy for the variation of flows in the local streams 
because the same storm events are also providing inputs to the local surface water system.  The annual 
average surface runoff through these streams and sloughs, excluding the Pajaro River, is 24,070 AF 
(AMBAG, July 1984). 
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Figure 2-3: Annual Streamflow Pajaro River at Chittenden  

 
 
Source: USGS website, http://www.usgs.gov. 

2.3.2 Basin Rainfall 

The mean annual precipitation varies significantly within the Pajaro Valley, primarily due to the influence 
of the coastal mountain range. Rainfall is greater at higher elevations and generally decreases from north 
to south, from the Corralitos area to the area around Elkhorn Slough in northern Monterey County.  Mean 
annual precipitation in the Santa Cruz Mountains on the northern and eastern boundaries of the PVWMA 
ranges from about 35 to 40 inches. The mean annual precipitation within the Valley itself ranges from 
more than 40 inches in the foothills of the Santa Cruz Mountains to 16 inches near the coast. The average 
rainfall for the City of Watsonville is approximately 21.7 inches for a 60-year period of record.   
 
Long-term hydrology data reveal a wide variation in the annual total rainfall. Like streamflow, 
precipitation records are available from 1879 to the present.  The streamflow and precipitation data sets 
were used in the State of the Basin report to describe the long-term climatic trends and to evaluate the 
hydrologic parameters used in the PVIGSM. Figure 2-4 shows that the annual precipitation values at the 
Watsonville precipitation gage vary significantly from year to year. 
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Figure 2-4: Annual Rainfall in Watsonville, CA 

 
 
Source: USGS website, http://www.usgs.gov  
 
The model includes data from five rainfall monitoring stations and four streamflow gauging stations.   
Figure 2-4 indicates that the hydrologic period 1964–75 was relatively normal, followed by the 1976-77 
drought.  The 1978–81 hydrology appears to be normal, while the 1982–86 hydrology appears to be 
above normal. The period 1987–92 was dry and the basin was undergoing an extended drought of 
approximately similar magnitude to the 1976–77 drought, but longer in duration.  

2.3.3 Basin Recharge 

The primary sources of recharge to the Pajaro Valley groundwater basin are 1) infiltration of rainfall, 2) 
seepage of streamflow from the Pajaro River and its tributaries, and 3) percolation of irrigation water.   
The variation in precipitation and streamflow influences how and when the Pajaro Valley groundwater 
basin is recharged. Groundwater recharge in winter is the result of complex interactions between soils, 
geology, land cover, land slope, land use, and other physical conditions.   
 
Early season rains and crop irrigation saturate the soil with water, making late-season storms more 
effective in recharging groundwater supplies. Generally, mild storms of extended duration or relatively 
frequent storms provide the greatest opportunity for groundwater recharge.  Conversely, intense or 
infrequent storms do little to recharge groundwater. Intense storms result in high runoff while infrequent, 
widely distributed storms are utilized by native vegetation and soils do not become saturated, preventing 
deep percolation into the aquifers. 
 
Because Pajaro River and other local streamflows are not regulated, the majority of groundwater recharge 
associated with streamflow typically occurs only during the winter or when streams are flowing. Runoff 
from a large storm event can flow through the Pajaro River and its tributaries relatively quickly, limiting 
the opportunity for groundwater recharge. 
 
Although there is a large amount of groundwater storage in the Pajaro Valley groundwater basin, the 
amount of water that can recharge the aquifer is limited by the Valley’s geologic conditions. Even in very 
wet years, the Pajaro River and creeks such as the Corralitos and Salsipuedes provide only a limited 
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percentage of water to groundwater storage in the basin because of the presence of the clay layers. 
Recharge to the aquifers beneath the clay layers generally takes place in the eastern portions of the Basin, 
where clay layers are not so prominent. 
 

2.3.4 Modeling Approach and Results 

In order to define the present state of the basin, a long-term hydrologic period that contains a sequence of 
various rainfall conditions is required.  This provides a good basis to evaluate the state of the basin during 
critical drought conditions, when water supplies are stressed to the limit, as well as wet conditions, when 
water supplies are more available and may operate under less stressful conditions. 
 
The hydrologic period used for PVIGSM model calibration was 1964 – 1997.  This hydrologic period was 
selected due to the availability of a complete set of data, including rainfall, streamflow, groundwater 
level, and cropping/land use data.  Although hydrologic data are available after 1997, 1997 is the latest 
year that complete land use and cropping information are available.  This hydrologic period contains a 
reasonable distribution of normal, above normal, and below normal conditions.  This same hydrologic 
period was also used to evaluate current conditions, referred to as baseline conditions, and the effects of 
alternative management and project strategies on the groundwater system.  The model runs for these 
evaluations are initiated with the existing conditions, and the 1964 – 1997 monthly hydrologic cycle is 
repeated once to create a 68-year hydrologic record for use in evaluating project scenarios. 
 
Although the model period is represented by the 1964 to 1997 hydrologic data, the PVWMA is able to 
extrapolate the model results to provide estimates of water use for water years 1998, 1999, and 2000.  
Such extrapolations of the model results assume the cropping and land use, as well as cultural practices 
such as irrigation efficiencies and numbers of crop rotations, are the same as was experienced in 1997. 
 

2.3.5 Key Points 

Key points of this section include: 
 

• Primary sources of recharge to the Pajaro Valley groundwater basin are: 1) infiltration from 
rainfall, 2) seepage of streamflow from the Pajaro River and its tributaries, and 3) percolation of 
irrigation water. 

 
• The Pajaro River is the most substantial source of surface inflow to the Pajaro Valley 

groundwater basin. 
  
• The period of rainfall data used to calibrate the model was 1964 to 1997 because this period 

contained a representative distribution of normal, wet, and dry years. 
 
• The mean annual precipitation within the Pajaro Valley varies significantly with location. Areas 

near the coast receive notably less rainfall than inland areas near the mountains.  
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2.4 Basin Groundwater Levels 

This section describes the groundwater levels of the Pajaro Valley groundwater basin, building on 
discussions of geology, hydrology, and water use in the preceding sections.  Information on long-term 
and recent groundwater levels simulated in the PVIGSM is confirmed with water-level data from the 
PVWMA database.  The groundwater levels are used to describe patterns of groundwater flow, changes in 
groundwater storage, and the potential for seawater intrusion in the Pajaro Valley aquifers.  

2.4.1 Background Groundwater Level Information 

Groundwater levels in the basin vary annually depending on weather conditions, recharge, groundwater 
pumping, and other factors.  However, the Pajaro Valley groundwater levels have generally been in a 
decreasing trend due to excessive groundwater pumping.  The decrease in groundwater levels is not 
uniform since hydrologic conditions and other factors affect groundwater levels.  This is confirmed by 
existing well data maintained by the PVWMA.  
 
Historically, groundwater levels were higher than today in inland areas, and artesian conditions existed at 
the coast.  That is, groundwater levels were high enough in past years that groundwater surfaced in some 
of the coastal areas.  Under such conditions seawater intrusion was prevented. By the 1940s, following 
the major development of groundwater resources to support a growing agricultural industry, some wells 
were still artesian, but only during winter months. By the 1970s, water levels west of Watsonville were 
consistently below sea level from approximately May to December, often never recovering to levels 
above sea level, once again documenting the conditions necessary for the occurrence of seawater 
intrusion. 
 
The trend has been for water to move from the unconfined recharge areas near the Agency’s northern 
boundary, east of Watsonville, and north Monterey County, toward the large pumping trough that forms 
in the center of the valley near Watsonville, or toward the coast at the north end of the basin. In the south, 
water typically moves from north Monterey County northeastward toward Pajaro Valley and westward 
toward the coast. In the northern part of Pajaro Valley, water moves southeast from the Soquel/Aptos area 
into the north part of the Pajaro Valley area, then south toward Watsonville and southwest toward 
Monterey Bay. 
 
Unfortunately, the trend has also been for a significant flow, over the entire observed period, of seawater 
from the ocean toward the inland pumping trough that forms in the center of the valley.  

2.4.2 Modeling Approach and Results 

Well log data was used to create contour maps of simulated groundwater levels.  Groundwater level 
contours for fall 1987, 1992, and 1998 are shown in Figure 2-5; a contour elevation of 0 indicates mean 
sea level. All three of these contour maps show a trough of low water levels extending from the coast, 
inland to the mountains, centered on the Pajaro River channel. The groundwater levels in the southeast 
region of the Basin decreased significantly between 1987 and 1998. Comparing these contour maps 
indicates that the zones of suppressed groundwater levels have generally expanded.  
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2.4.3 Key Points 

 Key points of this section include: 
 

• Groundwater levels in inland wells are declining over time, indicating that more water is removed 
annually from the basin than is replaced. 
 

• Declining groundwater levels is a recent trend. Historically, coastal areas of the Pajaro Valley 
were artesian and inland areas maintained higher groundwater levels. 
 

• Well data indicate depressed groundwater levels are expanding in the Pajaro Valley groundwater 
aquifers and regularly fall below sea level, resulting in seawater intrusion. 
 

• Current wells levels at the coast are consistent with historic levels, but water in many wells is 
becoming increasingly salty due to seawater intrusion.   
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2.5 Seawater Intrusion 

This section presents an introduction to the principles of seawater intrusion and their relevance to the 
Pajaro Valley. 

2.5.1 Principles of Seawater Intrusion 

When groundwater levels near the coast fall below mean sea level, there is a natural physical tendency for 
seawater to penetrate into the groundwater basin.  The ocean pushes the more dense seawater inland to 
raise the water table until it is equal to mean sea level.  This is depicted in Figure 2-6. 
 

Figure 2-6:  Seawater Intrusion 

Note: Modified from Environmental Engineering by Peavy, Rowe, and Tchobanoglous 1985. 
 
 
Groundwater pumping in excess of groundwater recharge can enhance this natural tendency. As seawater 
encroaches into the fresh groundwater basin, water quality is degraded and wells have to be abandoned. 
This is depicted in Figure 2-7. If fresh water is not available for recharge, or if the groundwater table is 
reduced to elevations below sea level, seawater will be drawn inland until equilibrium is restored.  Unlike 
freshwater levels in the groundwater basin that vary with the season and climatic trends, the ocean is a 
constant source of recharge and the elevation varies only marginally with the tide.  When inland pumping 
causes the water level to drop (see Figure 2-7a), pressure throughout the aquifer decreases (see Figure 2-
7b) and equilibrium is restored via seawater intrusion (see Figure 2-7c).  Thus, pumping throughout the 
basin causes seawater intrusion along the coast. 
 

2.5.2 Seawater Intrusion in the Pajaro Valley 

The Pajaro Valley groundwater basin includes confined and unconfined aquifers and semi-confined 
transition zones between the two, as described in the basin geology section.  In the Pajaro Valley, 
groundwater levels and pressure in confined aquifers is influenced both by the ocean and by the 
groundwater level in inland areas. The Pajaro Valley groundwater basin is connected to the ocean, and 
there are no seismic faults or barriers to prevent seawater intrusion. 
 
The average concentration of chloride in seawater is 19,000 mg/L.  Chloride levels exceeding 142 mg/L 
will likely result in increasing problems for agricultural irrigation (California Regional Water Quality 
Control Board, 1995).  Increasing chloride concentration in groundwater well samples is an indication of 
seawater intrusion. Chloride is useful for monitoring seawater intrusion because it is chemically stable 
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Figure 2-7:  Seawater Intrusion Equilibrium 
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and moves at the same rate as the intruding water. The horizontal migration of seawater occurs slowly 
over time as seawater mixes with the fresh water as it moves inland. Initially, chloride concentrations 
increase gradually. However, as the bulk of the seawater plume moves inland, chloride concentrations can 
rise rapidly. Other chemical changes also occur over this mixing zone, and can assist in interpreting the 
sources of the observed chlorides. Based on background chloride concentrations in groundwater from 
inland groundwater recharge areas, it has been determined that chloride levels exceeding 100 mg/L in 
coastal wells indicate seawater intrusion (U.S. Geological Survey, 1974).  
 
Well data from 1998 generally indicate that inland seawater intrusion is more extensive than previously 
reported. In the La Selva Beach area, the size of the existing intruded area has tripled compared to 
conditions in late 1979. The intruded area extends approximately 0.75 miles inland and is 2 miles wide. 
The intrusion zone near the mouth of the Pajaro River extends inland approximately 1.5 miles and is 
approximately 3 miles wide. Figure 2-8 shows the coastal area that has been impacted by seawater 
intrusion, along with the changes in chloride concentrations versus time for selected wells. 
 
A number of deeper wells have shown substantial increases in chloride concentrations in recent years 
indicating that the volume of fresh water displaced in the intruded area is increasing. Chloride levels are 
generally highest in the deeper confined aquifers consisting of Aromas Sand and the Purisima, with 
values ranging from 200 to 8,500 mg/L. In contrast, shallow wells tend to have lower chloride levels (50 
to 500 mg/L), and a number of neighboring shallow wells show marked differences in chloride levels.    
 
The data indicate that seawater is intruding along the coast in the middle and lower portions of the 
Aromas sands and that poor-quality water is present in the deeper zones.  This implies that as intrusion 
moves inland and wells are lost to seawater impacts, the option of drilling deeper for better water is 
probably not a viable option. 
 
Water quality impacts due to seawater intrusion and other groundwater contaminants are discussed in 
Section 2.9.   

2.5.3 Key Points 

Key points of this section include: 
 

• In those areas that have relatively stable water levels, the stability is provided in part by seawater 
intrusion, the inland migration of seawater that replaces freshwater.  The relative stability of the 
groundwater levels near the coast masks the overdraft conditions. 

 
• The chloride levels in groundwater wells indicate the extent of seawater intrusion in the Pajaro 

Valley groundwater basin is expanding. 
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2.6 Land Use 

The primary land uses within the Pajaro Valley are agricultural, native vegetation, native riparian and 
urban land uses such as commercial, industrial, and residential.  Native vegetation and agricultural land 
are the major designations throughout the basin, while urban use is primarily located within or adjacent to 
the City of Watsonville.   

2.6.1 Historic Land Use 

The Department of Water Resources (DWR) conducts land use surveys for all California counties.  
Surveys are typically performed approximately every seven years and consist of aerial surveys followed 
by field verification.  Data from these surveys were collected for Monterey and Santa Cruz Counties for 
1966, 1975, 1982, 1989, and 1997. Data within the PVWMA boundary are presented in Table 2-2. 
 

Table 2-2: Summary of Land Use (Model Area) 

Acreage 
Land Use Type 

1966 1975 1982 1989 1997 

Total Agricultural Acreage 30,448 33,409 31,516 34,463 34,650 

Urban Acreage 4,757 6,688 8,018 8,384 12,860 

Native Vegetation  61,301 56,409 56,972 53,659 48,996 
Source: Modified from PVIGSM Technical Memoranda (Montgomery Watson/AT Associates, 1999-2000). 
Note: Acreages shown are for modeled area, which is greater than the PVWMA service area.  In 1997, approximately 30,200 
acres of irrigated agricultural land were within the PVWMA service area. 
 
Historic Urban Land Use: 
 
Urban land use increases shown in Table 2-2 have generally resulted from the conversion of native 
vegetation land, not agricultural land. As shown, urban land use increases consistently from only 4,800 
acres in 1966 to nearly 12,900 acres in 1997. This increase reflects general population growth trends 
throughout the State of California over the last several decades. 
 
Historic Agricultural Land Use: 
 
DWR land use data were analyzed to determine historical land use changes in the basin. As shown in 
Table 2-2, between 1966 and 1975, agricultural land use increased by approximately 3,000 acres in the 
Pajaro Basin area.  From 1975 to 1989, agricultural land use in the Basin increased by approximately 
1,100 acres.  However, from 1989 to 1997, agricultural land use in the Pajaro Basin increased by less than 
200 acres (Montgomery Watson/AT Associates, 1999-2000). 
 
An understanding of the historical land use conditions and cropping patterns is necessary to develop an 
understanding of the historic water use patterns.  These data are also utilized to develop and calibrate the 
PVIGSM. Table 2-3 shows how total acreage breaks down by crop type, and the changes in crop types 
planted in the Pajaro Valley Model Area over the last 30 years. Since the PVIGSM requires crop mix 
acreage for each year of the historic record utilized in the model, the annual crop mix acreage has been 
estimated by linear interpolation between each survey year. 
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Table 2-3: Summary of Agricultural Land Use (Model Area)  

Acreage Crop Type 
1966 1975 1982 1989 1997 

Strawberry  1,754 4,372 5,974 6,514 7,004 
Irrigated Fallow  4,384 3,911 3,133 3,906 4,182 
Vine (bushberries, grape, etc)  22 0 505 1,512 1,652 
Vegetable Row Crops  14,612 13,038 10,442 13,020 13,940 
Field Crops  647 1,170 1,724 908 644 
Deciduous  7,516 8,578 7,434 5,729 3,892 
Pasture  1,175 1,780 1,004 894 1,227 
Nursery  237 392 910 1,386 1,476 
Nursery-indoor  101 168 390 594 633 
Total Agricultural Acreage 30,448 33,409 31,516 34,463 34,650 
Source: Modified from PVIGSM Technical Memoranda (Montgomery Watson/AT Associates, 1999-2000). 
Note: Acreages shown are for modeled area, which is greater than the PVWMA service area.  In 1997, approximately 30,200 
acres of irrigated agricultural land were within the PVWMA service area. 

2.6.2 Current Land Use 

Land use within the Pajaro Valley is primarily agricultural. Figure 2-9 shows the 1997 breakdown for the 
land uses within the PVWMA service area. The 1997 data were used as input parameters for the PVIGSM 
Baseline Conditions. 

2.6.3 Future Land Use 

Future land use in the PVMWA service area is under the jurisdiction of County and City planning 
documents.  The adopted Santa Cruz County General Plan, Local Coastal Plan, and the City of 
Watsonville General Plan presents limited information on the future land use within the PVMWA area.   
The Monterey County General Plan expired in 2000, and is presently being updated.  Regions of native 
vegetation are potential areas for urban or agriculture development.  According to topographic maps, a 
majority of the designated native vegetation areas include steep sloped terrain, which is likely to be 
unsuitable for agriculture.   
 
Future Urban Land Use: 
 
As shown in Table 2-2, urban land use in the Pajaro Valley has increased from approximately 4,800 acres 
in 1966 to 12,900 acres in 1997. Native vegetation, however, still remains the predominant land use, and 
the amount of native vegetation represents potential land for urban build-out, except as constrained by the 
General Plans of Monterey, Santa Cruz and San Benito Counties, and the City of Watsonville. 
Additionally, agricultural land could be rezoned for urban development. However, considering current 
policies to protect agricultural land it is assumed that minimal agricultural acreage would be rezoned to 
urban land use. 
 
Urban population growth will affect the Pajaro Valley by causing the conversion of more native 
vegetation to urban land (new development) and/or by increasing population density on existing urban 
land (infill). While studies have been undertaken to project the urban population of the Pajaro Valley in 
the future, it is undetermined whether the majority of the growth will be infill or new development. 
Without this correlation between population growth and urban land use increase, and in the absence of an 
updated General Plan for Monterey County, a projected urban land use cannot be determined. Population 
studies are discussed in Section 2.7.3 “Future Water Use.” 
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Future Agricultural Land Use: 
 
Based on the historic data in Table 2-3 and Section 2.6.1, the total agricultural land area has remained 
relatively constant from 1989 onward. For the purposes of land use projections, it is assumed that 
agricultural land use will remain constant. However, there have been significant shifts in the types of 
crops grown in the valley. Most apparent are the increases in nursery, strawberry, and vine crops. Detailed 
economic and marketing surveys have not been conducted and therefore it is not certain whether the shift 
to high water use crops will continue. For the purposes of the Revised BMP, it is assumed that 
approximately 2,000 acres of deciduous crops will be converted to berry crops by 2040, equally 
distributed between strawberry and raspberry crops.  

2.6.4 Key Points 

• Land use surveys indicate that both agricultural and urban land use increased 
significantly in the past 30 years. 

 
• Agricultural development has leveled off in recent years, but urban acreage has increased. 

 
• Urban development has come primarily from conversion of native vegetation land, with a 

small increase due to conversion of agricultural land.  However, future urban growth due 
to conversion of agricultural land is expected to be low. 

 
• Over the past three decades, there has been a shift in the agricultural crop mixes planted 

in the Pajaro Valley.  There has been a general increasing trend in growing strawberries, 
vines, and bushberries (all relatively high users of water), with a corresponding decrease 
in deciduous crops. 

 
2.7 Water Use 

The purpose of this section is to describe the methodology used for estimating the amount and location of 
current and projected water use.  There are two main categories of water use. Agricultural water use 
consists of irrigation water only. Urban water use, for the purposes of this document, includes all 
household water consumption as well as commercial and industrial water use. Because agriculture is the 
main source of livelihood within the Pajaro Valley, commercial and industrial water use is relatively low. 
Therefore, urban water use is considered to be a function of population. 
 

2.7.1 Historic Water Use  

The water use within the PVWMA service area is made up of both urban and agricultural water use. 
Historic urban water use is based heavily on historic data, while historic agricultural water use is based on 
PVIGSM model simulations. 
 
Historic Urban Water Use: 
 
The urban water use in the Pajaro Valley consists of the municipal, commercial, and industrial water use 
within the City of Watsonville service area and the unincorporated and rural areas (i.e. all non-agricultural 
water use).  
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The urban water use estimates are taken from City of Watsonville groundwater production records plus 
historic urban acreage multiplied by average water duties for unincorporated areas. Figure 2-10 is a plot 
of historic urban water use, indicating a steady increase from approximately 7,000 AF in 1964 to an 
estimated 13,000 AF in 1997, an increase of approximately 86 percent over 34 years. 
 

Figure 2-10: Pajaro Valley Historic Urban Water Use  
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Source: Modified from PVIGSM Technical Memoranda, Montgomery Watson/AT Associates, 1999-2000.  
 
Historic Agricultural Water Use: 
 
In the past, it was not required that wells in the PVWMA service area be metered. A metering program 
was established by the PVWMA in 1993, with actual metering being initiated in 1995. Since historical 
groundwater pumping records from the metering program are not available prior to 1995, the PVIGSM 
was used to estimate historic agricultural water use. In order to simulate water use patterns, historic crop 
type data were collected from the DWR crop surveys for the PVIGSM model area. Each agricultural acre 
was assigned a total demand based upon the approximate water application rates for its crop type, from 
low water use for deciduous crops to high water use for berry crops.  
 
Water use factors were estimated by the consumptive use methodology. This method uses irrigated 
acreage, effective rainfall, minimum soil moisture, crop evapotranspiration, irrigation efficiency, cultural 
practices, and marketing factors to estimate the agricultural water use requirements. The crop water use 
factors were applied to the historic land use and cropping acreages to estimate the historic annual 
agricultural demand for the model period. 
 
The model was then run with current (1997) cropping and irrigation patterns and historic hydrologic data 
records.  The location, capacity, and depth of agricultural production wells were also simulated in the 
model based on the cropping patterns and geology described in the previous sections and from PVWMA 
well information. Figure 2-11 shows the model-simulated annual variation of the agricultural water 
pumped during the historic hydrologic period of 1964-97.   
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As indicated in the figure, there has been an increasing trend in the agricultural water use estimates, due 
to the buildup in the irrigated acreage and crop changes. The agricultural water use is estimated to have 
been approximately 45,000 AF in 1964, and 66,000 AF in 1997.  A shift in the cropping patterns is likely 
the primary cause for the increase in groundwater use, but higher irrigation efficiencies and increasing 
awareness of conservation programs have helped to reduce the unit water use during recent years. The net 
effect, however, has been an increase in the volume of groundwater being pumped for irrigation purposes. 
 

Figure 2-11:  Pajaro Valley Historic Annual Agricultural Water Use 
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Source: Modified from PVIGSM Technical Memoranda, Montgomery Watson/AT Associates, 1999-2000.  

2.7.2 Current Water Use 

With the exception of approximately 1,000 AFY of surface water diversion by farmers and 1,100 AFY of 
surface water diversion at the Corralitos Creek Filter Plant (1997-2000 average) for City of Watsonville 
water users, the water needs of the Pajaro Valley are met by groundwater pumping.   Estimated average 
current water use is within the PVWMA service area is approximately 71,500 AFY. 
 
Current Urban Water Use: 
 
Current urban water use is assumed to be consistent with recent estimates. The urban water use for the 
baseline condition is based on the monthly average urban water use during the 1994 – 97 hydrologic 
period (see Figure 2-10).  The baseline urban water use is estimated to be approximately 12,200 AFY. 
 
Current Agricultural Water Use: 
 
The agricultural water use for the baseline condition was determined by a method similar to that used for 
historic estimations.  Existing land use patterns and cultural practices such as crop rotations and 
conservation practices were held constant.  The historic hydrologic data were used in the model to 
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determine how much of the agricultural water demand was provided by the natural hydrologic cycle and 
how much groundwater pumping would have been required to meet the crop water needs.  This analysis 
forms the basis for understanding the agricultural water pumping required for existing cropping patterns, 
assuming a replication of historic hydrologic conditions.  The selected hydrologic data set accounts for 
average, wet, and dry years, as discussed in Section 2.7.1.  The average water use resulting from this 
simulation, 59,300 AFY, is the baseline agricultural water use in the PVIGSM model.  

2.7.3 Future Water Use 

Future water use was determined based on available and adopted land use data, historic trends, and 
growth projections. All water use was projected to the year 2040.  
 
Future Urban Water Use: 
 
Future urban water use was estimated on the basis of population projections.  The PVWMA service area 
population is largely concentrated in the City of Watsonville, which had a 2000 population of 44,300 
(U.S. Census Bureau website).  Unincorporated areas of the PVWMA service area include the 
communities of Pajaro, Aromas, Freedom, Corralitos, and Los Lomas.  These unincorporated 
communities have a combined estimated 2000 population of 38,700 (Montgomery Watson, November 
1993).  Hence, the total population in the PVWMA service area was estimated to be 82,900 in 2000.  
 
The PVWMA service area spans parts of Monterey and Santa Cruz counties. County General Plans are 
the preferred source for population projections. However, it is difficult to use these as a source of 
population projections for the Pajaro Valley. The Monterey County General Plan was last updated in 1982 
and contained population projections through the year 2000, whereas the Santa Cruz County General Plan 
was last updated in 1994 and only included population estimates through 1995. Given the above-
described shortcomings in the General Plans, population was projected using Association of Monterey 
Bay Area Governments (AMBAG) projections. AMBAG projects population to 2020 for urban centers, 
including Watsonville. Although the 2000 AMBAG population for the City of Watsonville is a forecast 
from 1997, it is very close to the actual 2000 Census data.  
 
Table 2-4 shows the method by which PVWMA population was projected to the year 2040. The baseline 
urban population described above (82,900) was projected forward using the percent growth estimated by 
AMBAG for Watsonville. The PVWMA growth rate from 2000 to 2005 was assumed to be consistent 
with AMBAG 2005 to 2010 estimates as AMBAG population projections for 2005 to 2010 included 
annexation of lands by the City of Watsonville.  The growth rate from 2020 to 2040 was assumed to 
remain consistent with the AMBAG projected growth from 2015 to 2020. According to the analysis, the 
total urban population could increase by approximately 49 percent to 109,600 people in 2040.  However, 
this does not consider potential PVWMA measures, such as water pricing, which could limit urban 
growth through economic pressure. 
 
Although future population increases will be guided by adopted land use, potential future urban water use 
was determined as a function of future urban population. The existing Pajaro Valley population (82,900) 
and the existing urban water use (12,200 AFY) yield a water use of 131 gpd per capita1. Using this water 
use estimate, a projected population of 109,600 people in 2040 could result in an urban water use of 
approximately 16,100 AFY, which is an increase of 3,900 AFY. 

                                                      
1  131 gpd per capita is an equivalent per person water use including commercial and industrial use.  Future 

projections using this value assume that commercial and industrial water use is scaled uniformly with population 
growth. 
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Table 2-4: PVWMA Population Projections and Urban Water Use 

Year AMBAG 
Watsonvillea 

PVWMA 
Populationb,c,d 

Urban 
Water Usee 

2000 43,620 82,921 12,200 
2005 50,495 85,197 12,535 
2010 51,881 87,536 12,879 
2015 53,816 90,800 13,359 
2020 55,875 94,274 13,870 
2025 No data 97,881 14,401 
2030 No data 101,626 14,952 
2035 No data 105,514 15,524 
2040 No data 109,551 16,118 

Footnotes: 
a. Watsonville population projections taken from AMBAG website: http://www.ambag.org/popchart.html 
b. The annual growth rate was calculated based on AMBAG projections and applied to the projected PVWMA population.  

Growth rate for 2020 to 2040 was assumed to be equivalent to the change from 2015 to 2020. 
c. The year 2000 PVWMA population estimate was based on 2000 Census Data from the U.S. Census Bureau and estimated 

population of unincorporated areas from the 1993 Basin Management Plan (Montgomery Watson, 1993). 
d. The relatively large increase in AMBAG population estimate from 2000 to 2005 is a result of annexed areas by the City of 

Watsonville.  Therefore the 5-year growth rate of the PVWMA population from 2000 to 2005 was estimated according to the 
AMBAG 2005 to 2010 growth rate. 

e. Urban water use factor of 131 gpd per capita was used to determine urban water use.  
 
Future Agricultural Water Use: 
 
Future agricultural water use was determined based upon the projected future agricultural land use as 
described in Section 2.6.3. As stated previously, this Revised BMP assumes that approximately 2,000 
acres of deciduous crops will be converted to berry crops by 2040. The water demands for these crops are 
higher, approximately 2.8 AF/acre for strawberries and 3.7 AF/acre for raspberries, compared to 
approximately 0.7 AF/acre for deciduous crops (Bogenholm, 1998). Assuming conversion of 1,000 acres 
each to strawberry and raspberry crops, a 5,100 AFY increase in water use is estimated based on water 
application rates for these crops. On this basis, the projected agricultural water demand within PVWMA’s 
service area increases from 59,300 AFY to 64,400 AFY by 2040. The impact of demand management 
measures on agricultural water use is discussed in Section 3.1.  

2.7.4 Key Points 

Key points of this section are summarized in Table 2-5. 

Table 2-5: Current and Future Water Demand and Groundwater Pumping 

Water Usage Current Demand (AFY) 2040 Demand (AFY) 
Agricultural 59,300 64,400 

Urban  12,200 16,100 
Total Demand 71,500 80,500 

Corralitos Filter Plant (1,100) (1,100) 
Other Surface Water Diversions (1,000) (1,000) 

Total Groundwater Pumpinga 69,000 (rounded) 78,000 (rounded) 
Footnotes: 
a. Total Groundwater Pumping values are rounded to two significant figures or to the nearest thousand to represent significant 

accuracy. 
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• Water use in the PVWMA area is expected to increase by 9,000 AFY by 2040.  This is a 
significant increase considering the current basin imbalance and water issues.  Even if future 
water use were to increase by only half of this projection, the PVMWA would still face a 
significant increase of 4,500 AFY.   

 
• The Pajaro groundwater basin extends beyond the PVMWA boundary and is a shared basin with 

other local water agencies.  Therefore, PVWMA groundwater supply is impacted by water use 
outside of the PVMWA boundary but within the Pajaro groundwater basin.  The Soquel Creek 
Water District is once such agency that draws water from the Pajaro groundwater basin.   
Therefore, increases in groundwater pumping by the Soquel Creek Water District could impact 
the PVWMA groundwater supply. 

 
2.8 Basin Sustainable Yield  

Previous sections described the current and historical conditions in the Pajaro Valley groundwater basin 
and how the basin operates as an integrated system that includes geology, hydrology, and groundwater.  
Building on those basin conditions, this section presents results of the PVIGSM analysis of the basin 
sustainable yield, also referred to as “safe yield.”  Basin sustainable yield is defined as the long-term 
amount of groundwater, which can be extracted from the aquifer system without causing an adverse 
impact on the quantity and/or quality of the groundwater basin.   

2.8.1 Discussion 

The available data and technical analyses presented in previous sections confirm that suppressed 
groundwater levels and seawater intrusion have adversely impacted the quantity and quality of Pajaro 
Valley groundwater.  Therefore, the sustainable yield of the Pajaro Valley groundwater basin must not 
only balance supply with demand, but must also eliminate seawater intrusion and long-term decreases in 
groundwater levels. 

2.8.2 Determination of Sustainable Yield 

Yield with Current Pumping Practices: 
 
Modeling has shown that seawater intrusion is not uniform and that some areas along the coast are more 
impacted than others.  These results indicate that, under current pumping practices, a 65 percent reduction 
in basin-wide groundwater pumping (45,000 AFY) is necessary to eliminate seawater intrusion 
throughout the coastal area.  This pumping reduction would also cause groundwater levels to rise 
throughout the basin. Therefore, with basin-wide pumping reductions, the sustainable yield of the 
groundwater basin is approximately 24,000 AFY (69,000 – 45,000 AFY). This yield is only one third of 
the current average annual demand on groundwater supplies. 
 
Yield with Modified Pumping Practices and Dependable Supplemental Supplies: 
 
The PVIGSM was also used to investigate how pumping patterns could be modified to increase the 
sustainable yield of the basin. One alternative evaluated by the model was the elimination of coastal 
pumping. In this coastal scenario, the same volume of groundwater is extracted as with the basin-wide 
reduction scenario, but all pumping would be eliminated at the coast. Without pumping at the coast, 
recharge would eventually restore the groundwater table to its equilibrium at mean sea level, between the 
inland pumping zone and Monterey Bay.  
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The presence of the hydrostatic barrier, as shown in Figure 2-12 (b), reduces seawater intrusion. This 
barrier would also result in an overall increase in the basin sustainable yield to 48,000 AFY, if a 100% 
dependable supplemental water supply is used to meet water demand. Should highly variable sources be 
used, sustainable yield would decrease because supplemental pumping would be required to provide 
reliability to users in dry weather years. Extremely dependable sources, on the other hand, will result in a 
higher basin sustainable yield because they minimize the need for supplemental pumping in dry weather 
years.  
 
Recommended Pumping Practices: 
 
Because the sustainable yield of the basin with the elimination of coastal pumping is double that of the 
basin-wide reduction scenario, this Revised BMP assumes that coastal pumping will be eliminated as part 
of the PVWMA Basin Management Strategy. However, this necessitates a supplemental water supply and 
the construction of a distribution network to supply coastal agricultural users with water. The 
supplemental water supply projects and coastal distribution system are discussed in Section 4. 
 
With the current groundwater demand of 69,000 AFY and a basin sustainable yield of 48,000 AFY, 
21,000 AFY would still be needed to balance the basin. With a projected future groundwater demand of 
78,000 AFY, 30,000 AFY would still be needed to balance the basin. This is summarized in Table 2-6. 

Figure 2-12: Seawater Intrusion with Coastal Versus Inland Pumping 

 
Note: Modified from Environmental Engineering by Peavy, Rowe, and Tchobanoglous 1985. 
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2.8.3 Key Points 

Key points of this section include: 
 

• A 65% basin-wide pumping reduction would result in a sustainable yield of approximately 24,000 
AFY. Eliminating groundwater pumping at the coast with 100% reliable supplemental supplies 
would result in a sustainable yield of approximately 48,000 AFY. 

 
• This report assumes coastal pumping will be eliminated, and this necessitates a supplemental 

water supply and coastal distribution network. 
 

• The current PVWMA groundwater pumping demand of 69,000 AFY requires additional supplies 
totaling 21,000 AFY. The projected demand for the year 2040 requires additional supplies 
totaling 30,000 AFY. 

 

Table 2-6: Identification of Required Supplemental Supplies 

Optimization Option Current Conditions 
(AFY) 

2040 Conditions 
(AFY) 

Agricultural Demand 59,300 64,400 

Urban Demand 12,200 16,100 

Total Demand  71,500 80,500 

Corralitos Filter Plant (1,100) (1,100) 

Other Surface Water Diversions (1,000) (1,000) 

Total Groundwater Pumpinga 69,000 (rounded) 78,000 (rounded) 

Basin Sustainable Yield with Coastal Pumping Reductions and 
Reliable Supplemental Supplyb (48,000)  (48,000) 

Required Additional Supplies 21,000 30,000 
Footnote: 
a. Total Groundwater Pumping values are rounded to two significant figures or to the nearest thousand to represent significant 

accuracy. 
b. This value represents a 100% reliable supplemental supply.  If supplemental supply projects were hydrologically dependent, 

the basin sustainable yield would be less due to increased groundwater pumping during below normal water years.  
 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  
 Page 2-29 
 
2.9 Water Quality 

Water resources in the Pajaro Valley include both surface waters and groundwater. Currently, 
groundwater is the predominant source for users. However, since surface waters are potential sources in 
the future, it is important to understand the current state of general water quality in the Basin. 

2.9.1 Constituents of Concern 

Previous studies and surveys have identified the following as primary parameters of concern for irrigation 
water quality in the Pajaro Valley (RMC, May, 2001): 
 

• Nitrates; 
• Salinity; 
• Sodium; 
• Toxicity from chloride and sodium; and 
• Crop pathogens, primarily Phytophthora. 

 
CCRWQCB Irrigation Water Quality Guidelines. The Central Coast Regional Water Quality Control 
Board (CCRWQCB) Basin Plan has developed water quality objectives for irrigation supplies. The 
guidelines for the parameters of concern are shown in Table 2-7.  
 
Agricultural practices in the Pajaro Valley may diverge somewhat from these guidelines through the use 
of different indicators or slightly modified ranges of acceptability. Overall, however, the Pajaro Valley 
growers are in general agreement regarding the water quality required to sustain agricultural production in 
the Pajaro Valley. The following sections summarize the identified parameters of concern and associated 
adverse impacts, as they are relevant to the Pajaro Valley. 
 
Nitrates. Nitrate contamination is a major concern in drinking water sources in the Pajaro Valley 
groundwater basin. Water high in nitrates is a threat to human and animal health, as it can cause acute 
illness and can have adverse long-term health impacts resulting from prolonged exposure. Nitrate is 
generally expressed as NO3 (nitrate) or NO3-N (nitrate-nitrogen). The EPA has set a Maximum 
Contaminant Level (MCL) at 10mg/l NO3-N (EPA website). Because nitrates are contained in fertilizers 
in relatively high quantities and agriculture is the main source of livelihood in the Pajaro Valley, nitrates 
are routinely added to Basin soils. Nitrates are highly soluble and can easily leach into groundwater. They 
may also be found in surface waters due to agricultural runoff. The transport of nitrates in groundwater is 
generally limited by aquitards that separate the various aquifers.  
 
Salinity. Electrical conductivity (ECw) and total dissolved solids (TDS) are measures of the total salt 
content of the irrigation water.  The salt tolerance of an agricultural crop is normally expressed as the 
decrease in yield associated with a given level of soil salinity.  The University of California and others 
have studied crop salt tolerance and developed general relationships between irrigation water salinity, soil 
salinity and crop yield.  In general, irrigation water with a salinity value of less than 500 mg/L TDS is the 
objective for delivery to local farmers.  Some crops, such as strawberries, have a lower salt tolerance and 
may require additional on-site water management measures to reduce salinity-related crop impacts.   
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Table 2-7: CCRWQCB Irrigation Water Quality Guidelines 

 Water Quality Guidelines 
Problem and Related Constituent Units No Problem Increasing 

Problems 
Severe 

Salinity  
EC of irrigation water  mmho/cm <0.75 0.75 - 3.0 >3.0 
Permeability 
EC of irrigation water  mmho/cm >0.5 <0.5 <0.2 
SAR, adjusted - <6.0 6.0 – 9.0 >9.0 
Specific ion toxicity from root absorption  
Sodium (evaluate by adjusted SAR) - <3 3.0 – 9.0 >9.0 
Chloride  mg/L <142 142 - 355 >355 
Boron mg/L <0.5 0.5 – 2.0 2.0 – 10.0 
Specific ion toxicity from foliar absorption (sprinklers) 
Sodium mg/L <69 >69 -- 
Chloride  mg/L <106 >106 -- 
Miscellaneous 
NH4 – N mg/L <5 5 – 30 >30 
NO3 – N mg/L <5 5 – 30 >30 
HCO3 (only with overhead sprinklers) mg/L <90 90 – 520 >520 
PH - Normal range 6.5 – 8.4 -- 
Source:  Regional Water Quality Control Board, 1994. 
 
Sodium. The adjusted Sodium Adsorption Ration (SAR) is a measure of the sodium hazard to crops and 
soils due to irrigation water.  In addition to sodium concentrations, the adjusted SAR considers the impact 
of irrigation water salinity and bicarbonates.  Bicarbonates in irrigation water are potentially harmful to 
the soils because they may precipitate calcium from the cation exchange complex in the form of relatively 
insoluble calcium carbonate.  As exchangeable calcium is lost from the soil, the relative proportion of 
sodium is increased with a corresponding increase in the sodium hazard. 
 
Irrigation water that is high in sodium may also lead to a reduction in soil permeability, especially when 
applied to fine-textured (clayey) soils that already experience drainage problems.  Soils of this type are 
found along the Pajaro River near the ocean. Applying irrigation water with an adjusted SAR below 6.0 
does not usually affect the permeability of a soil.  
 
Chloride and Sodium Toxicity. Irrigation water supplied with high levels of chloride and sodium can 
cause root and foliar absorption.   
 
Crop yield may be impacted from root absorption when the adjusted SAR exceeds 3.0, or when the 
chloride concentration exceeds 142 mg/L. The toxic affects from these constituents usually occur on 
woody perennial plants.  Annual crops are usually tolerant to these constituents, except for strawberries 
which, based on limited data, are considered to be relatively sensitive. Soil conditions and irrigation 
management may affect these threshold levels.  Even though few data exist to fully assess the potential 
impact, these threshold levels should be considered when considering the potential hazard to crop 
production from root absorption of these constituents. 
 
Crop damage can occur from foliar absorption of sodium and chloride associated with sprinkler irrigation.  
Irrigation with impact heads allows the irrigation water to come into contact with the crop foliage whereas 
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drip irrigation applies water directly to the soil.  As with root absorption, annual crops are generally 
tolerant to foliar absorption, but strawberries would be considered somewhat sensitive.  Because drip 
irrigation is the prevalent method of irrigating strawberries in the Pajaro Valley, potential crop damage 
from foliar absorption is not expected to be an issue. Additionally, the water quality guidelines to 
minimize potential root absorption impacts are similar in nature to the guidelines that minimize foliar 
absorption; therefore, any measures implemented to protect crops from root absorption will 
simultaneously reduce the potential for foliar absorption. 
 
Pathogens. Current agricultural practices in the Pajaro Valley include the use of the soil fumigant methyl 
bromide to control weeds and pathogens, including Phytophthora. Phytophthora are of concern because it 
can cause crown rot and root rot, which greatly reduce the plants’ ability to absorb water and nutrients 
(CH2M Hill, April 1999). Phytophthora has been eliminated from commercial strawberries, raspberries, 
and apple orchards in the Pajaro Valley through the use of methyl bromide. However, it is expected that 
this fumigant will be banned by the year 2005. 
 
Phytophthora can be readily controlled by crop cultural/management approaches, such as: 
 

• Planting crops on well drained soils and using raised beds to facilitate drainage; 
• Periodic land leveling to avoid low areas within the field where drainage may become a 

problem; 
• Using resistant varieties/rootstocks; 
• Planting disease-free nursery stock; 
• Careful irrigation management to avoid excessively wet soil conditions and plant moisture 

stress; and 
• Maintenance of soil pH above 7.0. 

 
Vegetable row crops produced in the Pajaro Valley do not seem to be impacted by Phytophthora-related 
production problems, and PVWMA vegetable crop growers have not identified Phytophthora 
contamination as a concern. 
 
Pajaro Water Quality Guidelines. Due to the adverse impacts associated with poor water quality 
discussed above, it is important that Pajaro citizens have access to water that meets certain standards. For 
optimal crop yield and minimal health impacts, water must not exceed the threshold values of 10 mg/L 
NO3-N, 500 mg/L TDS, 142 mg/L chloride, or an adjusted SAR of 3.0. Although measured in different 
units, these standards are similar to the guidelines put forth by the CCRWQCB.  

2.9.2 Current Water Quality in the Pajaro Valley 

Following is a description of water quality in the Pajaro Valley as it relates to the parameters of concern 
discussed in the previous section. The surface waters described below are generally of usable quality for 
irrigation and, in some instances, are of higher quality than groundwater supplies.  However, most of the 
surface waters within then Pajaro Valley do experience seasonal water quality concerns.  Unless 
otherwise noted, the source of this information is the 1999 AMBAG Watershed Water Quality 
Management Plan. Brief discussions are provided for: 
 

• The Pajaro River; 
• Corralitos Creek; 
• Harkins/Watsonville Slough; 
• College Lake; and 
• Pajaro Valley Groundwater. 
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Pajaro River. Pajaro River water is a potential usable water supply.  However, seasonal water quality 
concerns include nitrates, salinity, chloride, and Phytophthora.  Nitrate concentrations vary depending 
upon location. The lowest nitrate levels are consistently at the furthest upstream monitoring stations, 
while nitrate levels near the coast have been measured at very high levels. Nitrates also vary seasonally 
from 0.5 to 10.2 mg-N/L, with the highest concentrations occurring in the late spring through summer 
months. Thus, in low flow conditions, nitrates level can approach the health related maximum of 10 mg-
N/L.  High salinity is indicated by elevated TDS levels in the lower Pajaro River, where the waters are 
subject to tidal flux.  Salinity levels further upstream can also be quite high, particularly during low flow 
conditions.  The Pajaro River at the Chittenden gauging station has reported higher levels of sodium than 
other surface water streams within the Pajaro River watershed.  Chloride concentration is a potential 
problem as chloride is the constituent most likely to increase with growing urbanization. Phytophthora 
are also present in the Pajaro River.   
 
Corralitos Creek. Corralitos Creek water is a potential usable water supply that has some seasonal water 
quality concerns.  Like the Pajaro River, nitrate concentrations in Corralitos Creek vary seasonally, 
ranging from 0.5 to 9.7 mg-N/L.  Higher salinity is suggested by slightly elevated TDS values. Adjusted 
SAR is generally acceptable. Phytophthora are present in Corralitos Creek.  
 
Harkins/Watsonville Slough. Water quality parameters of concern for Watsonville and Harkins Slough 
water include nitrates and the presence of Phytophthora. Elevated levels of nutrients, including nitrates, 
are found in the slough system, and are suspected to contribute to the eutrophication problems that the 
sloughs experience. In addition, water flow and circulation have been modified through channelization, 
and construction of dikes and roads. This creates stagnant and slow-moving circulation conditions that 
can exacerbate the existing water quality issues. Conductivity and adjusted SAR are generally acceptable 
during winter months. Phytophthora are present in the Watsonville Slough System.  However, similar to 
other surface waters with the basin, these water quality concerns are seasonal in nature.  Therefore, 
diversions for the slough would provide usable supply for irrigation. 
 
College Lake. Although College Lake water quality data are limited, available data suggest that 
contaminant concentrations vary seasonally. During the first storm events of the season, runoff collected 
in College Lake exhibits the highest values of TDS, nitrates, and other pollutants. Nitrate concentrations 
and salinity have exceeded the MCL and target delivery concentrations, respectively, during this initial 
flush. Dilution occurs through the rainy season. College Lake water is a potential useable supply as 
seasonal dilution typically improves water quality to meet the irrigation water quality objective.  
Phytophthora are present in College Lake. 
 
Pajaro Valley Groundwater. Groundwater quality within the major aquifers of the Pajaro Valley is 
influenced by factors related to hydrology, geochemistry, well construction, groundwater pumping, and 
land use. Seawater intrusion leads to high levels of salinity within some of the coastal groundwater 
aquifers. Well data generally indicate that regions of high salinity have been expanding over the past 
decades. High chlorides are found at the deepest levels of the Aromas sands formation at the coast. This 
limits the ability to drill to the deeper Purisima formations to obtain fresh water as seawater intrusion 
degrades the upper aquifers. Also of concern is groundwater quality in the Murphy Crossing area, which 
is of relatively poor water quality as TDS concentrations and other constituents exceed the irrigation 
water quality objective. 
 
Nitrate contamination has been identified as a problem in areas of high residential septic-tank density and 
in some areas recharged by the Pajaro River. In addition, since nitrate contamination is generally 
associated with surface sources of pollutants, areas with shallow perched water table aquifers or 
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unconfined aquifers are generally more susceptible to long-term increases in nitrate levels. Nitrate 
concentrations in excess of drinking-water standards have been observed from a large number of 
irrigation wells.  
 
Phytophthora are not present in the groundwater. Infiltration testing suggests that percolation of water 
into the groundwater basin is an efficient Phytophthora removal mechanism (CH2M Hill, April 1999).  
 
In summary, the water quality in the Pajaro Valley is highly variable. However, taking into account these 
variations, and in conjunction with varying levels of treatment, most of these water sources could be used 
as irrigation water sources in the future. 
 
2.10 Watershed Management Issues 

Water quality is not a static problem. Hydrologic processes cycle water through various media, from 
precipitation to surface water to groundwater. Poor quality water is not necessarily contained within 
boundaries; often, water is the mechanism through which pollutants are transported. Applied irrigation 
water may be transported as runoff to surface waters or may percolate to groundwater. Groundwater may 
move into surface water bodies, and seawater may intrude into the fresh groundwater aquifers. Water is 
rarely confined to a single location. Thus, water quality issues that affect one water body also become a 
threat to neighboring water bodies.  
 
Although the Pajaro Valley groundwater basin contains numerous aquifer layers that are generally 
separated by clay layers, water transport between these layers is still feasible. Groundwater in different 
confined aquifer layers is under varying amounts of pressure and groundwater will move from areas of 
high pressure, to areas of lower pressure. Water can move vertically between aquifers, through naturally 
occurring gaps in intervening clays, or along the casings of wells that penetrate more than one aquifer 
zone. Additionally, abandoned wells with perforations at multiple aquifer elevations provide a transport 
channel through which water can move. Thus, poor-quality water may migrate between formations. This 
increases the concerns associated with seawater intrusion, as aquifers that underlie intruded aquifers can 
be affected.  
 
Due to poor water quality, the Pajaro River and several tributaries have been listed by the State Water 
Resource Control Board as water quality-impaired streams for a number of different parameters, 
including nutrients, sediment, and pesticides (AMBAG, June 1999). Section 303(d) of the Clean Water 
Act requires the development of a Total Maximum Daily Load (TMDL) for any water body that is listed 
as water quality-impaired. A TMDL is a maximum value of pollutant loading to a water body, determined 
on a source-by-source basis. High priority TMDLs are set to be completed in 2001 and the medium 
priority TMDLs are to be established by 2003 (AMBAG, June 1999). The TMDLs will be used to initiate 
basin-wide corrective actions. 
 
2.11 Description of Problem to be Solved 

The major problem in the Pajaro Valley is an imbalance of water use and sustainable water supplies.  This 
imbalance then results in a decrease in groundwater elevations, which causes seawater intrusion in the 
coastal region.   

2.11.1   Current and Future Basin Deficit 

Under current basin management conditions (i.e. rate of well pumping, well locations, and irrigation 
practices), the basin sustainable yield is approximately 24,000 AFY.  With average groundwater use 
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estimated to be approximately 69,000 AFY, the basin deficit is 45,000 AFY as shown in Table 2-8.  
Under projected 2040 future water use and assuming current sustainable yield, the basin deficit would 
increase to 54,000 AFY. To balance the basin and eliminate seawater intrusion, this deficit must be 
eliminated.  There are three strategies that can be implemented to attain basin balance: 
 

1. Optimize current water supplies by increasing their yield, or by decreasing demand for 
them; 

2. Develop new, additional water supplies to meet total demand; or  
3. Use a combination of the above to balance demand and supply. 

Table 2-8: Current and Future Basin Water Use and Current Sustainable Supply 

Demand Current Conditions (AFY) Future Conditions (AFY) 
Agricultural Demand 59,300 64,400 
Urban Demand 12,200 16,100 
Total Demand 71,500 80,500 
Corralitos Filter Plant (1,100) (1,100) 
Other Surface Water Diversions (1,000) (1,000) 
Total Groundwater Pumpinga 69,000 (rounded) 78,000 (rounded) 
Current Basin Sustainable Yieldb (24,000) (24,000) 
Current Basin Deficitc 45,000 54,000 
Footnotes: 
a. Total Groundwater Pumping Demand values are rounded to two significant figures or to the nearest thousand to represent 

significant accuracy.  
b. Current sustainable yield assumes continuation of existing basin wide pumping practices. 
c. Excludes potential effects of increased conservation measures. See Section 3 for description. 

2.11.2   Water Quality Requirements 

The water supplied to solve the basin balance problem must be suitable for its intended uses.  Specific 
water quality parameters of concern for irrigation include salinity, sodium hazard, chloride and sodium 
toxicity, and pathogens.  The tolerance of crops to various water quality constituents can vary by crop 
type, and different varieties of the same crop can exhibit markedly different growth responses to waters of 
similar quality.  Crop tolerance to constituents in the irrigation water, soil conditions and prevailing 
climate are important factors in assessing the suitability of a particular water for irrigation.  The Revised 
BMP irrigation water quality objective is summarized in Table 2-9.  

Table 2-9: Revised BMP Irrigation Water Quality Objectives 

Constituent Units Revised BMP Objective 
TDS mg/L 500 
Adjusted SAR - 3.0 
NO3 – N mg/L 10 
Chloride mg/L 140 
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3 Management Measures 

In order to protect and enhance groundwater and surface water resources in the Pajaro Valley, there are 
management measures that can be undertaken by the PVWMA that do not involve the construction of 
new projects. This section presents various measures that can be used to lessen water demand, increase 
the yield of the groundwater basin (the predominant current water supply), maintain optimal water 
quality, and protect and enhance surface water resources. These include: 
 

• Demand management options to reduce water demand;  
• Pumping management options to increase the sustainable yield of the groundwater basin; 
• Watershed management options to ensure groundwater recharge; and 
• Well management options to maintain water quality. 

 
The PVWMA recently undertook a significant public based process that resulted in publication of Water 
Conservation 2000 (WC 2000).  Many of the measures and strategies discussed in the following sections 
are also included in WC 2000 (CH2M Hill & RBSmith, February 2000), which was received by the 
PVWMA Board of Directors in February 2000. 
 
3.1 Demand Management Options 

Demand management measures include options such as water conservation, land fallowing and tiered 
water pricing. These measures can be employed as alternatives to, or in conjunction with, new water 
supply projects to help solve the overdraft and seawater intrusion problem. 
 
This section identifies and describes the potential demand management options that were evaluated as 
part of this Revised BMP.  Also presented are the goals, implementation issues, cost estimates (as 
appropriate) and potential impacts associated with each option.   

3.1.1 Water Conservation 

PVWMA developed WC 2000 to serve as a guidance document to achieve cost-effective increases in 
water conservation.  The WC 2000 incorporates water conservation programs from around the state that 
are applicable in the Pajaro Valley.  Under the WC 2000, conservation would be achieved through 
voluntary actions without restrictions or enforced land use changes.  The plan identifies cost-effective 
conservation opportunities of approximately 4,500 AFY of agricultural conservation and 500 AFY of 
urban conservation.  Correcting on-farm irrigation system deficiencies, improving irrigation scheduling 
techniques, and conducting mobile laboratory evaluations are all methods that can be effective in 
increasing agricultural water conservation.  The WC 2000 proposed agricultural conservation program 
calls for the following actions: 
 

• Evaluate the PVWMA water metering program; 
• Submit annual grower water conservation plans; 
• Prepare the PVWMA annual report of water use and conservation; 
• Provide records of historic pumping; 
• Continue grower education and demonstration projects; 
• Install CIMIS weather stations; 
• Provide irrigation scheduling technology/assistance; 
• Institute mobile irrigation laboratory program; 
• Seek financial assistance to fund the PVWMA water conservation program; 
• Seek financial assistance for irrigation system improvements; and 
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• Continue ongoing public education program. 

 
Urban conservation can be achieved through water audits, a landscape water conservation ordinance, and 
toilet and washing machine rebate programs.  The WC 2000 proposed urban conservation program calls 
for the following actions to conserve a projected 500 AFY: 
 

• Conduct residential water audits; 
• Conduct commercial, industrial, and institutional audits; 
• Offer high efficiency washing machine rebates; 
• Institute commercial toilet rebate program; 
• Create and maintain demonstration gardens; 
• Report previous water use on billings; 
• Distribute conservation notices; 
• Implement conservation pricing; 
• Conduct large landscape water audits and retrofit program; and 
• Draft and approve landscape water conservation ordinances. 

 
The cumulative cost of implementing the above conservation plan to PVWMA is approximately 
$2,130,000 over seven years, or $3,029,000 over 10 years (CH2M Hill & RBSmith, February 2000), and 
does not include costs to farmers to implement such conservation measures.  The present worth values 
shown in Table 3-1 were calculated assuming uniform annual expenditures over the seven and ten year 
periods.  For the purposes of the Revised BMP, it was assumed that these water conservation practices 
would be implemented over a seven year time period.  Excluded from the costs presented in Table 3-1 are 
the costs attributable to the farmer or owner. 
 

Table 3-1:  Conservation Present Worth Analysis  

Conservation 
Plan 

Cumulative 
Cost 

Uniform Annual 
Cost 

Present 
Worth 

7-Year $2,130,000 $304,000 $1,700,000 

10-Year $3,029,000 $303,000 $2,200,000 

Notes: 
1) Adapted from Water Conservation 2000 (CH2M Hill and RBSmith Consulting, February 2000). 
2) Present worth costs are based on a 30-year lifetime, 6% interest. 
3) Costs presented in Table 3-1 exclude on-farm or other owner costs. 

 
Additional water conservation program spending by the PVWMA would not necessarily result in 
additional voluntary conservation savings.  To achieve higher levels of conservation, the PVWMA would 
need to implement mandatory conservation measures requiring enforced land use changes or significant 
capital investment by farmers.  The PVWMA Board of Directors has determined that such an approach 
would be inconsistent with the mission, goals, and objectives of the PVWMA.    
 
Conservation also has a number of indirect benefits, with respect to erosion control, surface runoff, and 
leaching of nitrates and other pollutants into the groundwater.  However, irrigation improvements that 
significantly reduce deep percolation will also reduce recharge of the aquifers.  
   
The PVWMA and the City of Watsonville are actively implementing water conservation measures 
identified in WC 2000.  For additional details on conservation, refer to the Water Conservation 2000 
document (CH2M Hill and RBSmith Consulting, February 2000). 
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3.1.2 Water Pricing 

The PVWMA currently imposes an augmentation charge for water use within PVWMA area.  The 
augmentation charge is levied via metering of wells providing agricultural and urban water supplies 
within its service area. With some renovation of the metering program, alternative water pricing programs 
could be used to promote demand reduction in several ways. These include raising flat rates and 
implementing tiered water pricing.  
 
Currently, the PVWMA augmentation charge is a flat rate of $50 per acre-foot. One option for managing 
water demand is to raise the augmentation charge to promote water conservation. This would encourage 
users not to waste water. 
 
Another option is to implement tiered water pricing. Tiered water pricing is an incremental pricing system 
in which the price of water increases as the amount of water consumed exceeds certain threshold values. 
This management mechanism can promote conservation and/or alter water use practices.  The plan would 
set varying levels of water pricing associated with water application rates for various crop types, which 
may promote conversion to crop types with lower water uses.  Crops with a low water application 
requirement would fall into a low pricing tier, while crops with higher application rates would fall into a 
higher tier.  Under the tiered structure, wasteful or high-use irrigators incur significantly higher water 
costs.   
 
An increase in water rates or a tiered water structure would provide an incentive for conservation and 
would minimize wasting of water.  Both methods of water pricing were considered for implementation. A 
recommended rate structure is discussed in Section 9. 

3.1.3 Land Fallowing 

The land fallowing option involves the acquisition or leasing of agricultural land and retirement of that 
land from production or development. Fallowing the land from production would reduce groundwater 
pumping by reducing water demand.  Acquiring the land would stop property owners from pumping 
groundwater from the basin.  As applied in the Pajaro Valley, the estimated capital cost to acquire 
agricultural land is approximately $20,000 to $30,000 per acre.  This cost does not include the additional 
impacts of lost taxes, production, and jobs to the economy of the Valley.  
 
Model analyses indicate that the most effective location for land fallowing from the standpoint of basin 
management would be within the coastal area.  Eliminating coastal area pumping would allow for 
formation of a hydraulic groundwater barrier adjacent to the Pacific Ocean, minimizing seawater 
intrusion.   
 
The cost of land fallowing would be significant.  For example, fallowing 1,000 acres of land in the coastal 
area at a cost of $20,000 to $30,000 per acre would cost between $20 and $30 million. The removal of 
1,000 acres of irrigated agriculture in the coastal area would reduce demand by approximately 2,000 
AFY.  Alternatively, land could be leased instead of purchased.  This would allow for agricultural 
production during wet years when additional water supplies may be available.  This option would cost 
approximately $1,500 per acre per year of demand reduction and associated economic impacts to the 
Pajaro Valley.  (Note: The land lease unit cost of $1500 is assumed to be the Pajaro Valley average.  
However, in the coastal area the annual cost to lease land is approximately $2500 to $3000 per acre.)  
This makes land fallowing a costly option in the Revised BMP.   
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3.2 Pumping Management 

The PVIGSM simulation of groundwater levels and seawater intrusion in the Pajaro Valley groundwater 
basin indicates that coastal groundwater pumping reductions would be more effective at preventing 
seawater intrusion than basin-wide pumping reductions. As discussed in Section 2.8, the elimination of 
coastal pumping creates a hydrostatic barrier that results in a sustainable yield of up to 48,000 AFY, 
doubling the sustainable yield of the basin.  This assumes that 100% dependable supplemental supplies 
(i.e. supply from desalination or water recycling) are available to augment pumping.  This pattern of 
pumping management optimizes the basin yield, but necessitates the construction of a distribution 
network to supply coastal users with the water they need. This also calls for a supplemental water supply 
to serve the coastal distribution system. 
 
The sustainable basin yield is a function of the interrelationship between yield, water conservation, 
irrigation recharge, and reliability of water supply. These relationships become significant with 
alternatives that rely heavily on high levels of water conservation and on water sources with low 
reliability. High levels of water conservation can affect the sustainable yield because the amount of 
recharge to the groundwater basin is reduced.  Surface water sources with low reliability can require 
additional groundwater pumping to meet demand during low water years.  Therefore, the sustainable yield 
of the basin would be less than 48,000 AFY if land fallowing, high levels of conservation, or less reliable 
water supplies are implemented.    
 
3.3 Summary of Demand and Demand Management 

Although there are several options available to optimize the groundwater basin, they are insufficient by 
themselves to balance demand without providing an additional sustainable supply, as shown in Table 3-2.   
 
Assuming 5,000 AFY of water conservation measures and an increase in basin yield of 24,000 AFY with 
coastal pumping restrictions, a basin wide overdraft of 16,000 AFY would still remain under current 
conditions. However, based on PVIGSM results, approximately 18,500 AFY of coastal pumping 
reductions are required to eliminate seawater intrusion.  Therefore, to eliminate seawater intrusion 
approximately 18,500 AFY of supplemental supplies must be delivered to  the coastal area.  The strategy 
to eliminate seawater intrusion is to provide 18,500 AFY of supplemental supply to the coastal area while 
maintaining basin balance.   
 
Future water use in the Pajaro Valley is projected to increase the required supplemental supply from 
16,000 to 25,000 AFY (an increase of 9,000 AFY) by 2040. This overdraft will have to be met with new 
water supplies if a balance between demand and supply is to be achieved.  Land fallowing via land leases 
could be used to bring about a basin balance, however, its annual unit cost of $1,500 per acre of land (plus 
economic impacts) precludes its use on a wide scale.  
 
Water conservation and land fallowing are management options that reduce the amount of irrigation, 
which in turn reduces the amount of groundwater recharge and basin yield.  Furthermore, water supplies 
with low reliability result in excessive groundwater pumping during dry years, which adversely affects 
(lowers) the sustainable yield of the groundwater basin.  Model results showing this relationship can be 
found in PVIGSM Technical Memoranda (Montgomery Watson/AT Associates, May 2000).  Examples of 
water sources with low levels of reliability would be sloughs and small streams, whereas an example of a 
high reliability source would be recycled water.   
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Table 3-2: Identification of Required Supplemental Supplies with Conservation 

Optimization Option Balancing Current 
Conditions (AFY) 

Balancing 2040 
Conditions (AFY) 

Agricultural Demand 59,300 64,400 

Urban Demand 12,200 16,100 

Total Demand 71,500 80,500 

Corralitos Filter Plant (1,100) (1,100) 

Other Surface Water Diversions (1,000) (1,000) 

Total Groundwater Demanda 69,000 (rounded) 78,000 (rounded) 

Current Basin Sustainable Yield (24,000) (24,000) 

Future Increased Yield Due to Pumping Management at Coast 
and Reliable Supplemental Supply Projectsb (24,000) (24,000) 

Water Demand without Conservation 21,000 30,000 

Increased Agricultural Conservation (Achieved by 2010)c (4,500) (4,500) 

Increased Urban Conservation (Achieved by 2010)c (500) (660) 

Required Additional Supplyd 16,000 25,000 (rounded) 

Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
b. The amount achieved if supply is 100% reliable.  With less reliable supply, the amount of increased yield would be 

lower.  The amount of increased groundwater yield of the Alternatives (except Local-Only Alternative) developed in 
Section 5 would be 23,000 AFY given their level reliability.    

c. Conservation to be achieved over several years, but is included here to show impact on current levels of demand. 
d. This value represents the supplemental supplies required to meet the overall water balance in the basin assuming 100% 

supply reliability.  However, PVIGSM results indicate that elimination of approximately 18,500 AFY of pumping 
along the coast is required to eliminate seawater intrusion.  

 
  
3.4 Watershed Management 

In addition to the implementation of measures and projects to increase sustainable water supply for the 
Pajaro Valley, it is important to protect and monitor watershed conditions within the Pajaro Valley.  Non-
point source (NPS) pollution is likely to be the most significant threat to the water quality in the Pajaro 
Valley watersheds.  NPS pollutants originate from a wide range of sources that are not required to have an 
NPDES Permit.  In general, these pollutants come from sources over which water users have some level 
of control (e.g. fertilizer and pesticide runoff, animal waste management, paint, oil, anti-freeze poured 
directly into storm drains, etc.).  Therefore, programs that promote and educate the public on the control 
of such pollutant sources can be very effective. 
 
The SWRCB and RWQCBs are empowered by the State’s Porter-Cologne Water Quality Control Act to 
regulate water pollution, including NPS pollution.  Through cooperative efforts, the SWRCB, RWQCBs, 
and other organizations have developed management measures for control of NPS pollution.  In 1988, the 
California NPS Management Plan was adopted.  The plan identifies sources and potential management 
measures for prevention and control of NPS pollution.    
 
Watershed management is a key aspect in protecting ground and surface water supplies, water quality, 
and ensuring continued beneficial use of water.  A complete Watershed Management Plan is not included 
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in the Revised BMP.  However, the framework for developing key programs that would be included in a 
Watershed Management Plan is discussed in the following sections.  Included herein are potential 
management measures and monitoring programs that could be implemented to protect water supplies for 
future beneficial use, including environmental protection and enhancement. 
 

3.4.1 Water Resource Monitoring Program  

Water resource monitoring is a key aspect in understanding and evaluating basin conditions.  Data 
collected is often used to evaluate contaminant transport, groundwater flow, surface water recharge, and 
other water resources aspects.  Ultimately monitoring provides the data and information for management 
of water resources within the basin.  The Pajaro Valley consists of groundwater and surface water 
resources that are interconnected within the basin.   This section identifies the current groundwater and 
surface water monitoring programs and identifies potential enhancements to the programs that may be 
implemented.    
 
Groundwater Monitoring: 
 
Groundwater monitoring programs are typically implemented to provide data for evaluation of basin 
conditions.  In addition, monitoring programs are used to track groundwater contaminants and ultimately 
provide data and information that can be used to implement programs and strategies to protect 
groundwater supplies.  This section highlights the current groundwater monitoring program and provides 
a general framework for development of an enhanced groundwater monitoring program.   
 
Data collected under the current PVWMA groundwater monitoring program includes: 
 

• Water quality data; 
• Groundwater elevation data; and  
• Geologic and hydrogeologic data. 

 
These data, in conjunction with other basin features, provide the framework for understanding basin 
characteristics such as groundwater recharge and pollutant transport.  These data also provide a 
mechanism for identifying water quality issues such as seawater intrusion, nitrate contamination, and 
contaminant movement within the groundwater system.   
 
PVWMA’s current groundwater monitoring program consists of monthly well sampling and analysis of 
select wells (Note: Some wells monitored under the program are sampled on a biannual or annual basis).  
The monitoring program covers sampling of selected production wells and monitoring wells throughout 
the basin.  Water purveyors in the basin such as the City of Watsonville, Aromas Water District, Pajaro 
Sunny Mesa, and California State Water Company also provide additional well data.  In all, PVWMA 
tracks approximately 170 wells throughout the basin and maintains a database and geographical 
information system (GIS) to manage, analyze, and summarize data.   
 
Well monitoring includes measurement of groundwater levels and collection of water samples for 
analysis.  Wells in the basin are screened at various intervals with some wells screened in multiple 
aquifers.  Well logs provide screening data and depth for the wells within the monitoring program.  The 
majority of the groundwater wells are screened within the Aromas aquifer, the main production aquifer in 
the basin. 
 
The collected data are compiled and summarized in an annual water resources report, which is completed 
at the end of each calendar year.  The annual report includes water quality data, evaluates the extent of the 
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seawater intrusion, water table contours, and discusses other groundwater areas of concern.  In addition, 
the report includes results from any hydrogeologic studies that have taken place over the water year.  The 
extent of overdraft and seawater intrusion in the Pajaro Valley has been demonstrated in these annual 
reports and the need for programs and projects to improve these conditions is well documented.  
 
Implementation of demand management and development of supplemental water supply projects will 
improve groundwater conditions and eliminate further seawater intrusion.  It will therefore be important 
to monitor groundwater level and quality data to measure the effectiveness of these programs.  Because of 
the significant future changes in overall water supply and groundwater pumping, an enhanced 
groundwater-monitoring program is needed.  Potential enhancements to the groundwater monitoring 
program include: 
 

• Monitoring Network – Expanding the monitoring network by installing new monitoring wells to 
provide a good basis for determining the movement of seawater intrusion;  

• Water Quality Analysis – Monthly sampling and analysis of groundwater quality, investigation of 
aquifer screening levels, isotope analysis, water dating analysis; 

• Groundwater Level Measurement – Monthly tracking of groundwater levels; 
• Aquifer Transport Study – Developing an increased understanding of recharge of the aquifers and 

contaminant transport;  
• Groundwater Modeling Updates – Continue updating of the PVIGSM, including updated land 

and crop use data available approximately every seven years from the Department of Water 
Resources, and modeling of contaminant transport; 

• Database Management – Upgrading existing database.  Developing tools for management and 
reporting of data including GIS compatibility; and 

• Annual Reporting – Expanded analysis of collected data, seawater intrusion front, contaminant 
migration, documenting observed changes in groundwater levels and groundwater migration. 

 
In addition to the development of an enhanced groundwater monitoring program, PVWMA is also 
pursuing potential funding opportunities, including state and federal grants, to help offset the cost of the 
enhancements to the monitoring program. 
 
Surface Water Monitoring: 
 
The current surface water monitoring includes sampling and analysis at approximately 25 sites within the 
PVWMA service area.  Surface water monitoring spans the wet weather season and samples are taken on 
a biweekly schedule.  Water quality data are managed in a database application.  The USGS also 
maintains several gage stations within the Pajaro Valley providing flow data for select surface water in 
the basin. 
 
Potential enhancements to the surface water monitoring program include:  
 

• Water Quality Analysis – Continued monitoring of water quality of surface waters; 
• Flow and Level Monitoring – Measurement of river, creek, and slough flows and measurement of 

lake levels;   
• Modeling Updates – Continue updating of the PVIGSM and modeling of contaminant transport; 
• Database Management – Maintaining and upgrading existing database.  Developing tools for 

management and reporting of data; and 
• Annual Reporting – Summarizing collected data, constituent issues, documenting observed 

changes in water quality levels and surface water flows.   
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In addition to water quality and flow monitoring, reporting, and management, the program should step up 
efforts to track, meter, and monitor surface water diversions.  These tasks are key to protecting and 
managing water supplies.  Surface water diversions could affect natural recharge to the groundwater basin 
and limit natural dilution of potential constituent concentrations of concern.  In addition to the Corralitos 
Creek Filter Plant diversions, other surface waters are diverted for agricultural purposes.  Such diversions 
over 10 AFY are required by the PVWMA to be metered under Ordinance 93-2 (Amended by Ordinance 
96-2).  

3.4.2 Recharge Area Protection Program 

Groundwater resources in the Pajaro Valley result from stream recharge, percolation of rainfall, deep 
percolation of irrigation water, and inflow into the groundwater basin from adjoining groundwater 
systems.  The protection of areas within the basin that serve to recharge the groundwater aquifers is 
critical to providing a reliable, long-term groundwater supply.  Recharge areas are  protected by the 
Counties of Santa Cruz and Monterey.  For example, the Santa Cruz County General Plan and Local 
Coastal Plan limits or constrains development within identified recharge areas in order to protect 
groundwater supplies.  In addition, new development must meet County policies for stormwater runoff in 
recharge area.  PVWMA does not have a formal policy or ordinance protecting high recharge areas.  
 
PVWMA could implement a basin-wide management measure to enhance groundwater stability through 
the protection of key areas of recharge.  This effort could begin with a public outreach program designed 
to inform area residents and decision makers of the importance of protecting groundwater recharge areas.   
 
Because clay layers inhibit deep percolation through much of the central and western portions of the 
Pajaro Valley, deeper aquifers rely on undeveloped areas of native vegetation or agricultural lands 
generally located in the eastern portions of the Valley to provide recharge through surface water 
infiltration and rainfall. As these or other areas in the Pajaro Valley are subject to impervious 
development, infiltration of precipitation would be reduced, thus reducing recharge of the underlying 
aquifers. Basin yield would decrease, and the negative pressure within the deep aquifers would cause the 
seepage of lower-quality water from above through semi-confined layers that would otherwise act as 
barriers. 

3.4.3 Nitrate Management Program Framework 

This section briefly summarizes nitrate issues and concerns in the Pajaro Valley and provides a 
framework for development of a nitrate management program.  A complete nitrate management program 
is not included in the Revised BMP, as the major focal point of the document is to address seawater 
intrusion and the need for water supply management and projects.  However, a program should be 
developed in the near future to address nitrate issues, as nitrates are a potential public health and 
agricultural concern. 
 
As previously discussed in Section 2.9.2, groundwater nitrate contamination has been documented as a 
problem within the Pajaro Valley.  Elevated nitrate concentrations in excess of the drinking water 
standard of 10 mg/L N (nitrogen) are typically observed in wells west of Highway 1, in the wells east of 
the City of Watsonville and in other localized areas within the PVWMA boundary.  Nitrate concentrations 
in the basin are shown in Figure 3-1.  Because agriculture is the major land use in the Pajaro Valley, 
elevated nitrate concentrations are likely due to fertilizer application and agricultural practices.  However, 
other sources of nitrogen contamination include septic tank drain fields and animal facilities.  In addition, 
nitrate concentrations occur naturally in groundwater due to biologic activity or decomposition of 
geologic deposits, but natural concentrations of nitrate rarely exceed the Primary Drinking Water 
Standard of 10 mg/L N.   
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The SWRCB and RWQCB, in conjunction with other stakeholders, have developed guidance for 
implementation of watershed management measures, including nitrate management.  A “three-tiered 
approach” is the recommended implementation strategy for controlling pollution and protecting water 
supplies.  The “three-tiered approach” recognizes that the most effective management is achieved through 
voluntary implementation of management measures.  Tier 1 is therefore based on outreach and education 
programs that promote and encourage voluntary implementation of management measures to reduce 
contamination.   Tiers 2 and 3 of the approach include increasing regulatory action to ensure 
implementation of management measures.   
 
Currently, PVWMA is a member and participant on the Monterey County Water Resource Agency 
(MCWRA) Nitrates Committee, which is tasked with addressing agricultural and urban nitrate issues.  
The committee has coordinated and sponsored public outreach events to educate the community on 
nitrates management.  PVWMA has co-sponsored and participated in these events.  In addition, the 
committee has developed pocket guides for management of agriculture nitrates on which the PVWMA 
co-sponsored and participated.  However, increased efforts are necessary to protect water resources within 
the Valley. 
 
PVWMA should develop a nitrate management program promoting voluntary implementation of the 
management measures.  Because the major sources of nitrate contamination in the Pajaro Valley are due 
to agricultural practices, septic tanks, and animal facilities, the nitrate management program should focus 
attention on promoting management measures to decrease nitrate contributions from these sources.  
Potential management measures for reducing nitrates contamination include: 
 

• Crop nutrients budgeting; 
• Identifying crop types, and amounts and timing of nutrients; 
• Identifying hazards to site and adjacent environment; 
• Water sampling and analysis to determine nitrate concentrations; 
• Soil sampling and analysis to determine available nutrients;  
• Plant tissue sampling and analysis; 
• Calibrating nutrient equipment;  
• Irrigation techniques to prevent leaching of nutrients; 
• Controlling discharge from animal facilities;  
• Runoff management of agricultural and urban areas; and  
• Monitoring and maintaining septic tanks. 

  
More detailed monitoring is necessary to better understand the extent and sources of nitrate contamination 
in the various basin aquifers.  PVWMA could then detail and implement a nitrates management plan.  In 
the interim, a public outreach program could be implemented to provide education relative to controlling 
nitrate leaching into the groundwater system.  A cooperative education and outreach effort with the 
Counties of Monterey, Santa Cruz, and San Benito and other local agencies could be developed. 
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Figure 3-1:  Nitrate Levels in the Pajaro Valley
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3.4.4 Water Metering Program 

Water use data provided by PVWMA’s water metering program provide a mechanism for billing, 
planning, and water management.  The data are especially critical for managing the Pajaro Valley 
groundwater basin and the funding of solutions to eliminate seawater intrusion.  PVWMA’s metering 
program includes monitoring and reading meters, maintaining and calibrating meters, and repairing or 
replacing meters.   
 
In 1993, the PVMWA adopted Ordinance 93-2 requiring the installation of flow meters on all water 
supply facilities capable of producing over 10 AF of water annually.  This included both groundwater and 
surface water facilities.  Production facilities of less than 10 AF are approximated for billing purposes.  
Water use by non-metered agricultural production facilities is estimated to be about 1% of the total water 
use in the PVWMA service area.  
 
The Ordinance required mandatory meter installation by the end of 1995 and most meters were installed 
in 1994.  Turbine meters with an expected life of 5 years and propeller meters with a life of 8 years were 
the typical meters installed.  These types of flow meters have a typical accuracy of 5% with regularly 
scheduled maintenance.  However, since the installation of meters approximately 8 years ago, there has 
been limited maintenance of the meters due primarily to limited Agency resources.  As a result, a 
significant number of broken and malfunctioning meters have not been repaired, resulting in lower than 
typical accuracy.  PVMWA currently estimates that the water metered had an error of approximately 16% 
in 2001.  Therefore, the PVWMA is developing an enhanced metering program to improve the accuracy 
of the program. 
 
PVWMA is in the process of developing and implementing an enhanced meter program that includes the 
following tasks: 
 

• Meter Readings for Billing - Biannually in June and December; 
• Meter Readings for Maintenance - Biannually in the Spring and Fall; 
• Maintenance and Calibration Program – Each meter to be checked, serviced and repaired at least 

once every two years; 
• Ultrasonic Meter Accuracy Tests – Meter testing in conjunction with maintenance and calibration 

program; 
• Turbine Meters Replacement Program – Turbine meters have become obsolete and replacement 

parts are no longer available.  Therefore, turbine meter replacement with propeller meters is an 
ongoing task. 

• Propeller Meter Repairs – Repair of aging propeller meters is critical for monitoring and 
maintaining accurate data. 

• Database Tracking – PVMWA staff is in the process of developing a database to track and 
manage the metering program.  The database shall allow for effective tracking and management 
of metering activities and resources.  

 
The enhanced metering program will provide confidence in the collected data and will be a valuable tool 
for future planning and management of the groundwater basin.  Data could be used to calibrate the 
PVIGSM model and validate model results.  These data shall allow for evaluation of conservation efforts 
and accurate collection of augmentation charges for developing supplemental water supplies.   
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3.4.5 Well Management Program 

Well management is critical to ensure maximum groundwater quality in the Pajaro Valley because wells 
can serve as conduits for transport of contaminated water from one aquifer to another. Therefore, the 
PVWMA needs to undertake a comprehensive well management program with regard to well 
decommissioning and well replacement.  For additional information on the regulatory processes of well 
management, see Feeney et al, March 1999. 
 
Well Decommissioning: 
 
Wells are constructed in varying manners, including those with a single screened interval and those with 
multiple screened intervals.  Wells with single screened intervals, if properly constructed with well seals 
between aquifers, extract groundwater from a single aquifer.  Wells with multiple screened intervals can 
be used to extract water from more than one aquifer.  Within the Pajaro Groundwater Protection Zone of 
the Santa Cruz County portion of the PVWMA (Zone boundaries are published on a map on file with the 
Environmental Health Office), new well construction is limited to wells being completed in a single 
aquifer only (Feeney, et al, March 1999). 
 
When not in operation, wells with screened intervals in multiple aquifers can serve as a conduit to allow 
groundwater to flow from one aquifer to another.  This can pose problems if one of the aquifers is 
intruded with seawater, or is otherwise contaminated.  In particular, seawater has a higher specific gravity 
than fresh water.  As seawater intrudes into and contaminates a fresh water aquifer, there is an increase in 
specific gravity that will cause the “heavier” seawater-intruded-groundwater to flow down a well and into 
the lower elevation aquifer, resulting in seawater contamination of the lower aquifer.  This effect may be 
magnified by the hydrostatic pressure difference between aquifers. 
 
It is therefore important that a consistent procedure be developed to guide decommissioning of 
groundwater wells that are abandoned from operation.  The California Department of Water Resources 
has regulations that govern the construction and destruction of wells (DWR, 1974) that are applicable to 
all of California.  The Monterey County Water Resources Agency adopted an ordinance that incorporates 
the requirements set by DWR, including sealing of the well casing to prevent vertical migration of 
contaminated water within the well.  The PVWMA has a program for notifying the respective county 
whenever an abandoned well is discovered.   PVWMA may consider an ordinance similar to that adopted 
by MCWRA. 
 
Well Replacement: 
 
Well replacement is a concern to groundwater users throughout the Pajaro Valley.  Along the coast, where 
seawater intrusion is occurring, some wells that are seawater intruded may have to be replaced with wells 
that are drilled into a non-intruded aquifer.  In inland areas, well deepening is used to enhance well yield 
or escape nitrates or other water quality problems associated with the shallow groundwater zones.  These 
replacement wells may be needed to meet the users’ water needs on an interim basis, while the long-term 
water supply projects are being built.   
 
A current Santa Cruz County regulation allows a well to be replaced only with a well that is constructed 
to the same depth, unless CEQA documentation prepared by the well owner demonstrates such a 
replacement will have no detrimental impact on groundwater resources.  The purpose of this regulation is 
concern that replacement of wells in shallow intruded aquifers with wells in deeper, less-intruded aquifers 
could serve to accelerate seawater intrusion into the deeper aquifer.   
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Once implemented, the projects identified and evaluated in this draft Revised BMP will obviate the need 
for this regulation because they will eliminate over-drafting and seawater intrusion of the basin by 
providing an overall long-term reduction in coastal groundwater pumping.   
 
In the inland areas of the Pajaro Valley the need for this regulation is also questioned, because 
replacement wells drilled to a deeper aquifer do not directly impact the advance of seawater intrusion, nor 
overall basin groundwater balance.  The groundwater underlying the Pajaro Valley flows into the aquifers 
from the surrounding aquifers, infiltrates through the river and streambeds, and recharges through the soil 
structure.  In general, the flow of groundwater in the aquifers underlying the Pajaro Valley is from the 
inland areas toward Monterey Bay, with the exception of the areas along the coast where groundwater 
levels are below sea level and seawater flows into the aquifer.   
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4 New Water Supply Projects 

This section identifies and describes water supply, storage and distribution projects evaluated as part of 
this Revised BMP.  The projects presented herein include local surface water supplies, recycling of 
treated wastewater, and importation of water from the CVP.  These projects can be combined in various 
ways with the management options described in Section 3 to develop different management strategies to 
balance water demand with sustainable water supply. 
 
While two given projects may share a common project component, the cost and yield of this component 
could vary depending upon the overall project composition. All the projects discussed in this Revised 
BMP are summarized in Table 4-1, and are described in greater detail in the subsequent sections. Project 
descriptions give a general overview of the project including location, estimated yield, water quality, 
implementation issues, and estimated costs. In the descriptions, each component is discussed at a level 
such that common components can be compared between projects.  
 
It should be noted that each project is made up of several common water supply elements: water source, 
conveyance, storage, and distribution. In many cases, one or more of these elements are not necessary. 
For example, local water projects may not have a conveyance element, and consistently reliable supplies 
may not call for a storage element. 
 
As mentioned in Section 2.8, the Coastal Distribution System (CDS) has already been identified as a 
common element of all management strategies, and is therefore being implemented. It must be 
constructed in order to supply coastal users as a part of the pumping management strategy to maximize 
the sustainable yield of the Basin. Each of the projects in this section relies upon the CDS except for the 
Murphy’s Crossing Project, which is located inland and relies on recharge and the Inland Distribution 
System (IDS). In most cases, the CDS is a part of the distribution element, while in other cases, it 
comprises the distribution element entirely.  
 
Construction cost estimates were developed for the projects based on conceptual designs.  The estimates 
were developed for guidance in project evaluation and implementation and are based on information 
available at this time.  The cost estimates include contingencies of 20% for construction, 17.5% for 
engineering, legal, administration, and permitting, and 5% for environmental and permitting.  Final costs 
will depend on actual labor and material costs, competitive market conditions, actual site conditions, final 
project scope, implementation schedule, and other variable factors.  Construction cost estimates are based 
on first quarter, 2001 price levels.   
 
Annual operation and maintenance (O & M) costs were based on the following factors: 
 

• Pipeline O & M – 1% of estimated construction cost 
• Diversion, Pump, and Filter O & M – 2.5% of estimated construction cost, plus power 

costs 
• Percolation Ponds, Injection & Extraction Wells O & M – 2% of estimated construction 

cost, plus power costs 
• Dams and Reservoirs O & M – 0.15% of estimated construction cost 
• Reverse Osmosis Treatment O & M – 5% of estimated construction cost, plus power 

costs 
• Power Cost – $0.15 per kilowatt-hour 
 

Annualized construction cost estimates were developed using an interest rate of 6% and a 30-year 
recovery period.  
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Table 4-1: Summary of New Water Supply Components 

Project Yield Implementation Issues 
Harkins Slough with Supplemental 
Wells and Connection 1,100 Diversion and Recharge Basin construction completed in 

2001. 
Coastal Distribution System  N/A  

Recycled Water Project (4,000 
AFY) 4,000 Blending with higher quality water needed to meet TDS 

goals.  $0.5 M blending facility included. 

Recycled Water Project, Southeast 
Dunes Recharge Basin (6,000 
AFY)  

6,000 Blending with higher quality water needed, RO may be 
needed for recharge.  $0.5 million blending facility included. 

Recycled Water Project, Harkins 
Slough Recharge Basin, North 
Dunes Recharge Basin 
(7,700AFY) 

7,700 Same issues as the above recycled water project. Includes 
$0.5 million blending facility. 

Murphy Crossing with Recharge 
Basins 1,600 Assumes 980 AFY of direct use.  DFG has protested project; 

NMFS has requested additional studies. 
Watsonville Slough with North 
Dunes Recharge Basin 1,200 Water rights permit and restoration of Slough required. 

College Lake, Pinto Lake 
Diversion 1,800 Water rights permit required; DFG, NMFS have protested 

project. 
Expanded College Lake, Pinto 
Lake, Corralitos Creek, 
Watsonville Slough, Harkins 
Slough, ASR 

6,700 
Same issues as above two projects, plus need water rights 
permit for Corralitos Ck. Reverse osmosis treatment may be 
needed for ASR. 

60-inch Import Water Project with 
Inland Distribution System (in lieu 
recharge) 

10,300 Requires EIR and EIS. 

54-inch Import Water Project with 
ASR 11,900 Requires EIR and EIS, includes filtration treatment cost. 

42-inch Import Water Project with 
ASR 6,900 Requires EIR and EIS, includes filtration treatment cost. 

Bolsa de San Cayetano, Pajaro 
River Diversion 5,000 Significant seismic and environmental issues. 

Seawater Desalination  Disposal of brine would pose permitting difficulties. 
Note:  See Sections 4.1 – 4.12 for additional information about data contained in Table 4-1. 
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4.1 Harkins Slough Project  

Description: 
 
Harkins Slough is a partially channelized, ephemeral waterway that originates in an area of residential 
properties north of Watsonville.  The slough flows south to its confluence with Watsonville Slough just 
east of the intersection of Dairy Road and San Andreas Road.  Historically, Harkins Slough floods during 
the winter, inundating roads and threatening railroad tracks.  To minimize flooding, the Santa Cruz 
County Public Works Department operates flood control pumps at the confluence of Harkins and 
Watsonville Sloughs.  The pumps at Harkins Slough pump water over a wall into Watsonville Slough.  
The wall prevents backflow from Watsonville Slough into Harkins Slough and reduces flooding impacts.  
The Harkins Slough Project utilizes the two existing slough flood control pumps to divert water for 
irrigation supply.   
 
The Harkins Slough Project is a common element of all water management strategies, and has been 
constructed.  The Harkins Slough Project was evaluated as a part of the Pajaro Valley Water Management 
Agency Local Water Supply and Distribution Projects Environmental Impact Report (ESA, 1999). 
Construction is scheduled for completion in fall 2001.  A map showing the location of the Harkins Slough 
Project, along with the portion of the CDS constructed to allow delivery of water developed from the 
Harkins Slough Project is included as Figure 4-1.  
 

Figure 4-1: Harkins Slough Project 

 
  
Diversion of the water will typically occur between December and May, when Slough water is available 
and of highest quality.  Slough water will be filtered and pumped to the Harkins Slough recharge basin for 
storage in the shallow groundwater aquifer.  Extraction wells are located around the recharge basin to 
supply water to the CDS during the irrigation season.  The project elements include a screened inlet 
structure, inlet pump station, wet well, filtration facility, booster pump station, recharge basin, pipelines, 
and supplemental wells.  Additional information about the project is located in the Harkins Slough Design 
Drawings (Montgomery Watson, March 2000).   
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Water Quality and Yield: 
 
The key water quality parameters of concern for this project are Total Suspended Solids (TSS), turbidity, 
and the presence of Phytophthora.  TSS and turbidity concentrations are a concern due to the potential 
clogging of the recharge basin or aquifer pores.  Therefore, filtration was required to reduce TSS and 
turbidity.  The finished water goals for TSS and turbidity are 10 mg/L and 10 NTU, respectively, with a 
maximum recommended value of 15 mg/L and 50 NTU for aquifer recharge via percolation 
(Montgomery Watson, October 1999).  As discussed in Section 2.9, the presence of Phytophthora in 
Harkins Slough water was confirmed and is of concern.   However, percolation of water into the 
groundwater basin has been shown to be an efficient Phytophthora removal mechanism (CH2M Hill, 
April 1999).    
 
The water rights permit from the SWRCB limits the maximum diversion from Harkins Slough to 2,000 
AFY.  However, the average annual yield of the project is estimated to be 1,100 AFY, due to hydrologic 
conditions, recharge basin capacity, and minimum slough flow requirements. 
 
Implementation: 
 
The Harkins Slough Project is the first supplemental water supply project constructed by the PVWMA to 
help eliminate seawater intrusion.  Environmental review, permitting, and design for this project were 
completed in 2000, and construction was completed in 2001.   
 
The PVWMA is in the process of contracting for construction of one new supplemental well, modifying 
two existing wells, and connecting these wells to the portion of the distribution system constructed with 
the Harkins Slough Project.  These three wells will be utilized to provide a supplemental supply to the 
Harkins Slough Project supply until additional supplies are developed.  At that time, the three wells will 
continue to be utilized as peaking wells for the entire CDS. 
 
Cost: 
 
The total cost of the Harkins Slough Project, as shown in Table 4-2, is $6.6 million, including a $0.5 
million CalFed grant that is pending final approval.  Estimated annual O & M for the project is $0.3 
million, including O & M for the wells and connections.  The cost for the portion of the distribution 
system constructed is included with the CDS cost estimate. 
 
The PVWMA has obtained a low-interest loan from the California State Water Resources Control Board 
for the Harkins Slough Project.  The loan is for $5 million at an effective interest rate of just less than 3 
percent, payable over 20 years.  In addition, PVWMA is awaiting final approval of a $0.5 million CalFed 
grant for this same project. 
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Table 4-2: Harkins Slough Project Cost Estimate 

Project Elements Cost Estimate 
($ Millions) 

Harkins Slough Project $7.1 
Overall Cost $7.1 

CalFed Grant ($0.5) 
Total  $6.6 

Annualized Capital Cost $0.5 
Annual O&M Cost $0.3 

Total Annualized Cost $0.8 
Average Yield (AFY) 1,100 

Unit Cost ($/AF) $708 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. All cost estimates are rounded to two significant figures or nearest $100,000. 
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4.2 Coastal Distribution System 

Description: 
 
A Coastal Distribution System (CDS) is necessary to eliminate coastal pumping and optimize the basin 
without affecting current agricultural practices in the coastal areas.  As discussed in Section 2.8, coastal 
pumping reductions would provide a hydrostatic barrier to prevent seawater intrusion and increase the 
sustainable yield of the groundwater basin, provided that a substitute water supply is available to the area.  
Since a CDS is common to all water management strategies, the PVWMA initiated a conceptual study of 
the CDS in May 2001.  The CDS was evaluated in the Pajaro Valley Water Management Agency Local 
Water Supply and Distribution Projects Environmental Impact Report (ESA, 1999). 
 
The area to be served by the proposed CDS, shown in Figure 4-2, is based on the pumping reduction 
identified by the PVIGSM as being necessary to balance the basin.   The PVIGSM identified the need to 
eliminate 18,500 AF of coastal pumping to stop seawater intrusion.  In the coastal area this amount of 
irrigation is equivalent to approximately 8,400 to 9,000 net irrigated acres.  Initial analysis conducted for 
the CDS conceptual study has identified a service area of up to 8,960 net irrigated acres that could be 
supplied by supplemental water sources.  A preliminary design was developed identifying a net 8,960-
acre service area that would be supplied by supplemental water sources.   
 
A portion of the CDS was constructed as part of the Harkins Slough Project.  In the short term, water 
from Harkins Slough and proposed supplemental wells will provide irrigation water to this portion of the 
CDS.  In the long-term, water for the entire CDS will be provided by the various water supply projects 
that PVWMA constructs. 
 
The model results were based on a design flow rate of 75 cfs from the import pipeline (Section 4.10) and 
a delivery water pressure of 60 psi.  Model results indicated that pumping requirements in the CDS were a 
function of the import water pipeline diameter.  Construction of a 48-inch import pipeline would require 
pump stations to be construction within the CDS.  A 54-inch pipeline would also require pumping, but 
less than that required for the 48-inch pipeline.  Modeling results indicated that a 60-inch pipeline would 
not require additional pumping, as head from the Santa Clara Conduit would provide sufficient pressure 
to deliver water to the entire CDS at 60 psi.   
 
CH2M Hill completed additional modeling with EPANET in 1999.  The modeling effort included minor 
modifications from the TM 2.2 analysis such as modification of the pipeline alignments and turnouts.  
The hydraulic analysis included development and modeling of various system operating conditions 
throughout the year.   Modeling included analysis of the overall system accounting for the various 
supplemental supplies.  However, like the previous modeling, a 60-psi delivery pressure was assumed.  In 
addition, the modeling was completed assuming the 48-inch import pipeline as the selected Import 
Project.  Additional details on model results and criteria used in the analysis are contained in Hydraulic 
Analysis of Local Water Supply Conveyance Systems (CH2M Hill, February 1999).  Since 1999, grower 
input has resulted in the refinement of design criteria and the target design delivery pressure for the 
system was increased to 80 psi.  This change requires additional hydraulic modeling to confirm the 
number and location of any pump stations required to deliver water at 80 psi to growers connected to the 
CDS.  This work is presently being completed as a part of the CDS conceptual design effort.   
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Figure 4-2: Coastal Distribution System  
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The CDS consists of approximately 26 to 30 miles of pipeline ranging in diameter from 8 to 48 inches, 
and is located along the alignments shown in Figure 4-2.  To the extent possible, the distribution system 
will follow existing roadways and farm roads, and will deliver water to over 200 identified parcels in an 
area roughly bordered by Elkhorn Slough, Highway 1, Buena Vista Road, and the Pacific Ocean.  The 
alignment includes several road, river, and slough crossings, and one railroad crossing.   
 
Cost: 
 
The cost of the CDS was estimated and is shown in Table 4-3.  This cost estimate covers the entire 
distribution system even though a small portion of the CDS is already constructed to provide delivery of 
water from the Harkins Slough Project.  The cost estimate for CDS pumping was included in the Import 
Water Project cost estimate, although additional facilities may be required based on the final design of the 
CDS.   
 
Additional design details are contained in the Pajaro Valley Water Management Agency Water Supply 
Project, Project Definition Report (CH2M Hill, 1997). 
 

Table 4-3: Coastal Distribution System Cost Estimate 

Project Elements Cost Estimate  
($ Millions) 

Coastal Distribution System Pipelines $20.1 
Crossings $0.7 
Appurtenances $2.1 

Subtotal $22.9 
Construction Contingency $4.6 
Easements $0.4 

Total Construction Cost $27.9 
Engineering, Legal, Admin, Permits $4.9 

Subtotal $32.7 
Environmental & Permitting Contingency $1.6 

Overall Total $34.4 
Annualized Construction Costs $2.5 
Annual O & M Costs $0.3 

Total Annualized Cost $2.8 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Cost estimates based on 8,200 net irrigated acres shown in "TM 2.2 Distribution System" by CH2M Hill (February 1997) 

with costs updated to spring 2001 price level. 
3. All cost estimates are rounded to two significant figures or nearest $100,000.   
4. Includes cost of portion of facility associated with Harkins Slough Project that is presently under construction. 
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4.3 Recycled Water (4,000 AFY) with Blending Facility  

Description: 
 
The existing Watsonville Wastewater Treatment Facility (WWTF), located off Beach Road west of 
Watsonville as shown in Figure 4-3, is a secondary treatment plant providing service to a 21 square mile 
area within the City of Watsonville, Freedom County Sanitation District, Pajaro County Sanitation 
District, and Salsipuedes Sanitary District.  The existing treatment process train includes screening, 
primary treatment, biotowers, suspended growth aeration basin reactors, and chlorination.  Effluent 
produced by the plant is discharged into the Monterey Bay via an ocean outfall. 
 

Figure 4-3: Recycled Water with Blending Facility 

 
 
Additional treatment processes are required to produce recycled water at the WWTF.  The City of 
Watsonville, in a joint effort with the PVWMA, is currently studying various filtration and disinfection 
processes that would allow the production of recycled water suitable for unrestricted irrigation.  These 
processes include: 
 

• Microfiltration; 
• Conventional filtration (flocculation, sedimentation, granular media filtration); 
• Contact filtration (granular media filtration); 
• UV disinfection; and  
• Chlorination. 

 
Flows to the WWTF are not uniform and tend to vary both diurnally and throughout the week (RMC, 
March 2001).  In order to minimize the treatment plant capacity and maximize the use of recycled water, 
construction of equalization basins and a clearwell will be required.  Approximately 1 MG of secondary 
effluent equalization and 4 MG of clearwell storage were incorporated into all of the proposed treatment 
plant design process alternatives.  All required pumping facilities were also included. 
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In addition to the recycled water facilities, a blending facility is necessary to improve the quality of water 
delivered to growers.  Conceptually, recycled water would be delivered to the blending facility where it 
would be blended with one or more supplemental supplies and then pumped to pressure for delivery to the 
CDS.  The exact location of the blending facility has not been determined.  However, two potential 
locations for a blending facility are at the WWTF or at Highway 1 near the Pajaro River.  Operational 
blending could be achieved by construction of a blending tank or through in-line blending.   
 
A blending facility at the WWTF would utilize one of the clearwells proposed under the recycled water 
project.  The clearwell could be constructed to serve a dual purpose of a blending facility and providing 
operational storage.  A pump station would be constructed to deliver blended water to the CDS.  
 
Blending facilities at Highway 1 and the Pajaro River are currently envisioned to consist of in-line or in-
pipe blending.  This blending alternative would be implemented if an import pipeline were to be 
constructed.  Operationally, recycled water would be pumped into the pipeline where blending would 
occur prior to delivery to the first turnout in the CDS.  
  
Water Quality and Yield: 
 
The secondary effluent discharge limits specified in the discharge permit for the WWTF are summarized 
in Table 4-4.   
 

Table 4-4: Watsonville Wastewater Treatment Facility Discharge Limits 

Criteria Constituent Units 
30-Day 7-Day Average Daily Maximum 

Effluent Limitations 
Flow MGD Effluent Daily dry weather flow shall not exceed a monthly 

average of 12.0 MGD 
BOD5

a mg/L 25 40 85 
TSS mg/L 30 45 90 
Grease and Oil mg/L 25 40 75 
Settleable Solids mg/L 1.0 1.5 3.0 
Turbidity NTU 75 100 225 
Acute Toxicity TUa 15 2.0 2.5 
Total Coliform MPN/100 ml N/A 230 (median) 2,400 
Receiving Water Limitations (measured at shoreline) 
Fecal Coliform  MPN/100 ml 200 N/A N/A 
Footnotes: 
a. Source: City of Watsonville NPDES Permit, 1998. 
 
Though not required for permit compliance, the City of Watsonville has implemented a weekly effluent 
sampling program to determine the concentration of parameters that are of interest to potential recycled 
water users.  These data are being collected on a weekly basis during completion of the planned pilot 
study effort, which will continue through December 2001. 
 
Preliminary data indicate that the recycled water salinity is significantly higher than the irrigation water 
quality objective of 500 mg/L.  As a result, either blending of recycled water with higher quality water or 
additional treatment to further reduce the salinity is required for agricultural irrigation reuse.  A feasibility 
study is being prepared by the City of Watsonville and the PVWMA to analyze the benefits and 
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constraints of blending recycled water with various water sources including groundwater, surface water 
from local sources, CVP water, and desalination.  The expected TDS concentration of recycled water is 
between 700 – 900 mg/L.  In order to deliver a water supply with a TDS concentration of 500 mg/L or 
below, it is also expected that water must be blended with better quality water at a 2.5 to 3:1 water-to-
recycled water blend ratio (assuming a 350 mg/L or lower TDS supply as the blending source). 
 
If groundwater were to be used as a potential blending source, wells would be located in an area outside 
the coastal service area.  This is necessary in order to be consistent with pumping management measures 
to eliminate coastal pumping and thus increase the sustainable yield of the overall basin (see Section 3.2).  
The number of wells and their locations have not been finalized, but a probable location would be in an 
area to the South of the Pajaro River, east of Highway 1.  Imported water would originate from the CVP 
project.  The facilities required to deliver blended CVP water with recycled water are as described 
previously in this Section. 
 
The average influent flow to the WWTF is approximately 7 MGD, or 7,800 AFY.  However, in order to 
meet water quality objectives, the average annual yield would be limited to approximately 4,000 AFY.  
This assumes no long-term storage is available and includes limitations in daily production and water 
demand constraints.   
 
Implementation: 
 
Coordinating efforts between the PVMWA and the City of Watsonville are underway for development of 
this project.  A feasibility study is being prepared by the City of Watsonville and a pilot study is 
underway to investigate treatment and disinfection alternatives.  In addition, funding mechanisms (Title 
XVI Grant from the USBR) for the project are being identified and initial coordination steps have begun.  
Permits for operation of the recycled water facility and modification of permits for the overall WWTF 
would be required from the RWQCB. 
 
Cost: 
 
Construction of a Recycled Water Project allows the selected alterative to become eligible for Title XVI 
grant funding from the USBR.  Title XVI grant is a part of the USBR water reclamation and reuse 
program authorized by the Reclamation Wastewater and Groundwater Study and Facilities Act of 1992 
(Title XVI of Public Law [P.L.] 102-575, as amended).  Under the Reclamation Wastewater and 
Groundwater Study and Facilities Act of 1992, the USBR is authorized to participate in all of the 
authorized water recycling projects at funding levels up to 25% of the total project cost.  However, 
Section 1631 limits the Federal contribution to a maximum of $20 million (1996 dollars) per project 
(USBR website, November 2001).  Hence, the Recycled Water Project would be eligible for up to $20 
million in grant money from the USBR, based on an inclusive reclamation and reuse project consisting of 
recycled water treatment, storage, blending, and distribution facilities totaling at least $80 million.   
 
Final selection of a preferred treatment process has not been completed.  The City of Watsonville is pilot 
testing the microfiltration, contact filtration and UV disinfection processes between July and December 
2001, in order to determine the suitability of the various processes for tertiary treatment at the WWTF.   
Results of a preliminary analysis (RMC, March 2001) indicated that conventional filtration and 
chlorination provide the most cost-effective process capable of meeting Title 22 regulations for 
unrestricted reuse.  For evaluation purposes within the Revised BMP, it is assumed that the conventional 
filtration/chlorination system would be the constructed project.   
 
The estimated cost for the Recycled Water Project is summarized in Table 4-5. 
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Table 4-5: Recycled Water Project Cost Estimate (Conventional/Chlorination)  

Project Elements Cost Estimate 
($ Millions) 

Equalization Basin $1.4 
Conventional Filtration $3.5 
Chlorination $1.5 
Clearwell $3.4 
Pump Station $1.5 
Connecting Pipeline to Blending Facility $0.7 
Appurtenances $0.1 
Blending Facility & Pump Station $0.5 

Subtotal $12.5 
Construction Contingency $2.5 
Land Purchase & Right of Way Easement $0.5 

Total Construction Cost $15.5 
Engineering, Legal, Admin, Permits $2.7 

Subtotal $18.3 
Environmental & Permitting Contingency $0.9 

Overall Total $19.2 
Annualized Construction Costs $1.4 
Annual O & M Costs $1.5 

Total Annualized Cost $2.9 
Annual Yield 4,000 

Unit Costs ($/AF) $714 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. All cost estimates are rounded to two significant figures or nearest $100,000.  
3. Reference:  RMC, March 2001. 
 
A more detailed evaluation of the benefits and constraints of each treatment alternative are included in the 
“Recycled Water Treatment Alternatives Report” (RMC, March 2001). 
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4.4 Recycled Water Project (6,000 AFY) with Southeast Dunes 
Recharge Basin 

Description: 
 
This recycled water project is identical to that described in Section 4.3, except a portion of the recycled 
water flow would be stored in the shallow groundwater aquifer east of San Andreas Road.  The treatment 
facilities and blend facility described in Section 4.3 would be constructed along with the Southeast Dunes 
Recharge Basin.  In addition to the treatment facilities, the project would require a transmission pipeline 
connecting the WWTF to the 24-inch Harkins Slough pipeline on San Andreas Road.  The Southeast 
Dunes Recharge Basin would be located to the south of the existing Harkins Slough Recharge Basin 
shown in Figure 4-4. 
 

Figure 4-4: Recycled Water Project with Southeast Dunes Recharge Basin 

 
 
The proposed recharge basin would be used to store in the shallow groundwater aquifer approximately 
2,000 AFY of recycled water.  The basin would be adjacent to the existing Harkins Slough Recharge 
Basin.  Facilities required at the Recharge Basin include monitoring wells, extraction wells, and 
associated connecting pipelines.  Percolation of recycled water is assumed to span an 8-month period 
corresponding to the low irrigation demand period.  Percolated recycled water would be extracted via 
recovery wells for use during the irrigation season. 
 
Infiltration rates at the Southeast Dunes site have been assumed to be similar to infiltration rates at the 
Harkins Slough Recharge Basin (0.6 ft/day percolation rate).  The basin consists of a percolation area of 
approximately 14 acres, assuming a square footprint.  The depth of the basin is approximately 10 feet, 
with a side slope of 3H:1V.  In addition, a 12-foot wide maintenance road would be constructed around 
the perimeter of the basin.  The total area that the PVWMA would have to acquire is approximately 17 
acres. 
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This project would recycle more than 75 percent of the available flow from the WWTF.  This amount of 
recycling would result in a very large reduction in flow through the plant’s ocean outfall.   The outfall 
diffusers, and possibly the effluent pump station at the treatment plant, would have to be modified to 
preserve outfall performance and prevent marine encrustation of the outfall. 
 
Water Quality and Yield: 
 
Recycled water quality is discussed in Section 4.3.  As discussed, the major issue of concern is the TDS 
concentration of recycled water.  Water from the project will require blending prior to irrigation use in 
order to meet the water quality objective. 
 
The average annual yield of the overall project is 6,000 AFY, which includes 4,000 AFY of direct use and 
2,000 AFY of percolated and subsequently recovered recycled water in the Southeast Dunes Recharge 
Basin.   
 
Implementation: 
 
Implementation of the Recycled Water Project would require various funding mechanisms and 
coordination tasks, as described in Section 4.3.  In addition, various permitting and consultations with 
jurisdictional agencies such as the CCRWQCB and Department of Health Services (DHS) would be 
required for permitting of the Southeast Recharge Basin.  The recharge of recycled water is regulated by 
both CCRWQCB and DHS, and recent draft criteria (DHS, 2001) have identified potential restrictions of 
limiting recycled water percolation to a maximum blend of 50 percent recycled water.  Additional 
treatment requirements may also be placed on this application by the CCRWQCB and DHS.  These 
additional treatment requirements would likely include reverse osmosis, with microfiltration as a 
pretreatment.  Additional water supplies for blending to reduce the percentage of recycled water 
percolated to below 50% have also not been identified.  The costs for these additional measures have not 
been included in this cost estimate or project description. 
 
Another issue of concern is the quantity of recycled water utilized in the CDS area.  Under this project, 
the quality of blended water delivered would likely exceed the TDS goal of 500 mg/L, due to increased 
use of lower quality recycled water. 
 
Cost: 
 
The estimated capital cost for the Recycled Water Project with Southeast Dunes Recharge Basin (shown 
in Table 4-6) is $28.6 million, which includes a total land purchase of approximately 36 acres.  The 
estimated annual O & M costs for the facilities are $2.1 million. 
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Table 4-6: Recycled Water Project with Southeast Dunes Recharge Basin Cost 
Estimate  

Project Elements Cost Estimate 
($ Millions) 

Equalization Basin $1.4 
Conventional Filtration $3.5 
Chlorination $1.5 
Clearwell $3.4 
Pump Station $1.5 
Connecting Pipeline to Blending Facility $0.8 
Connecting Pipeline to Recharge Basin $1.1 
Southeast Dunes Recharge Basin,  
Extraction/Monitoring Wells Basin Piping 

$4.5 

Appurtenances $0.2 
Blending Facility & Pump Station $0.5 

Subtotal $18.4 
Construction Contingency $3.7 
Land Purchase & Right of Way Easements $1.1 

Total Construction Cost $23.2 
Engineering, Legal, Admin, Permits $4.1 

Subtotal $27.3 
Environmental & Permitting Contingency $1.4 

Overall Total $28.6 
Annualized Construction Costs $2.1 
Annual O & M Costs $2.1 

Total Annualized Cost $4.1 
Annual Yield (AFY) 6,000 

Unit Costs ($/AF) $690 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. All cost estimates are rounded to two significant figures or nearest $100,000.   
3. Reference:  RMC, March 2001. 
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4.5 Recycled Water Project (7,700 AFY) with Harkins Slough and 
North Dunes Recharge Basins 

Description: 
 
This project maximizes the use of recycled water by combining the Recycled Water Project and blending 
facility with the Harkins Slough and the North Dunes Recharge Basins to provide seasonal storage of 
recycled water.  The project would utilize the existing Harkins Slough Recharge Basin and the proposed 
North Dunes recharge basin.  This North Dunes basin would be located approximately 1,500 ft southwest 
of the intersection of Sunset Beach Road and San Andreas Road.  The use of the Harkins Slough recharge 
basin is contingent on development of an alternative storage element for Harkins Slough diversions.  The 
project includes construction of a 36-inch transmission pipeline connecting the WWTF to the 24-inch 
Harkins Slough transmission pipeline on San Andreas Road and a conveyance pipeline extending from 
the Harkins Slough pipeline west and north to the North Dunes site.  In addition, monitoring wells, 
extraction wells, associated pipelines, and appurtenances would be constructed at the North Dunes 
Recharge Basin.   
 
The project attempts to maximize use of recycled water, and assumes maximum recycled water 
production at the WWTF.  In order to maximize yield, percolation of the full production of recycled water 
is necessary.  With average plant flow of 7 MGD (4,900 gpm) and a Harkins Slough recharge basin 
capacity of 3,100 gpm, the required average percolation at the North Dunes recharge basin is 1,800 gpm.   
The average percolation rate at the North Dunes Site is approximately 0.32 ft/day (CH2M Hill, February 
1999).  The North Dunes Recharge Basin would have a 25-acre percolation area.  Assuming a depth of 10 
ft, side slopes of 3H:1V, and a 12 ft maintenance road around the perimeter of the basin the total area of 
the basin would be approximately 30 acres.  Extraction wells would be located around the perimeter of 
the recharge basin.  The location of these facilities is shown in Figure 4-5. 
 
This project would recycle nearly all of the available flow from the WWTF.  This amount of recycling 
would result in only minimum flow through the plant’s ocean outfall.   The outfall diffusers, and possibly 
the effluent pump station at the treatment plant, would have to be modified to preserve outfall 
performance and prevent marine encrustation of the outfall. 
 
Water Quality and Yield: 
 
The expected water quality from the WWTF is discussed in Section 4.3.   
 
The annual yield of the project is approximately 7,700 AFY including 4,000 AFY of direct use and 
storage of 3,700 AFY in the Harkins Slough and North Dunes Recharge Basins. 
 
Implementation: 
 
As previously discussed in Sections 4.3 and 4.4, funding and permitting are the two major 
implementation issues for construction of the Recycled Water components and the North Dunes Recharge 
Basin.  In addition, percolation of recycled water at the Harkins Slough Recharge Basin would likely 
require additional permitting from DHS and the RWQCB, as discussed in Section 4.3.  It is repeated here 
for clarity.   



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 4-17 

 

  

Figure 4-5: Recycled Water Project with Harkins Slough and North Dunes Recharge 
Basin 

 
 
 
The recharge of recycled water is regulated by the DHS, and recent draft criteria (DHS, 2001) have 
identified potential restrictions in the ability of this use to meet water quality and operational 
requirements.  Additional treatment requirements would likely be reverse osmosis, which would probably 
require microfiltration as a pretreatment.  Additional water supplies for blending to reduce the percentage 
of recycled water percolated to below 50% have not yet been identified.  The costs for these additional 
measures have not been included in this cost estimate or project description. 
 
An additional concern is the quantity of recycled water utilized.  Without additional treatment or 
blending, the delivered water to the growers would have TDS values exceeding the water quality 
objective of 500 mg/L, among other constituents.  This would limit crop yield and production in the 
Pajaro Valley.  
 
Cost: 
 
The estimated capital cost for the Recycled Water Project and North Dunes Recharge Basin (shown in 
Table 4-7) is $34.4 million, which includes the land purchase of approximately 45.5 acres.  The estimated 
cost excludes the cost of the existing Harkins Slough recharge basin.  The estimated annual O & M costs 
for the facilities are $1.9 million. 
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Table 4-7: Recycled Water Project with Harkins Slough and North Dunes Recharge 
Basin Cost Estimate  

Project Elements Cost Estimate 
($ Millions) 

Equalization Basin $1.4 
Conventional Filtration $3.5 
Chlorination $1.5 
Clearwell $3.4 
Pump Station $1.5 
Connecting Pipeline between Recharge Basins $0.8 
Connecting Pipeline from WWTF to Existing Harkins Slough Pipeline $1.8 
North Dunes Recharge Basin, Extraction/Monitoring Wells, Basin Piping $5.5 
Appurtenances $0.3 
Blending Facility & Pump Station $0.5 

Subtotal $20.1 
Construction Contingency $4.0 
Land Purchase & Right of Way Easements $1.4 

Total Construction Cost $25.5 
Engineering, Legal, Admin, Permits $4.5 

Subtotal $30.0 
Environmental & Permitting Contingency $1.5 
Harkins Slough Recharge Basin/Wells/Pipelines (Existing) $2.9 

Overall Total $34.4 
Annualized Construction Costs $2.5 
Annual O & M Costs $1.9 

Total Annualized Cost $4.4 
Annual Yield 7,700 

Unit Costs ($/AF) $567 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Reference:  RMC, March 2001. 
3. All cost estimates are rounded to two significant figures or nearest $100,000.   
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4.6 Murphy Crossing with Recharge Basins 

Description: 
 
The Murphy Crossing project would divert water from the Pajaro River between December and May, 
when Pajaro River water quality is within an acceptable range and streamflows are above the required 
minimum necessary to maintain steelhead habitat.  An infiltration gallery located upstream of the Murphy 
Crossing Bridge would capture water for transportation to four recharge basins located in an unfilled 
section of an old stream channel to the north of the Murphy Road and Highway 129 intersection.  During 
the irrigation season, this water would be extracted and delivered to agricultural users through the IDS.  In 
addition, a portion of the diverted water could be utilized directly through the IDS.  
 
The recharge basins would have a total area of 8.7 acres.  Percolation rates for the basins range from 1.7 
ft/day for basins 1, 2 and 3 to 0.56 ft/day for basin 4 (CH2M Hill, August 2000).  The project also 
includes an infiltration gallery pump station, recovery wells, monitoring wells, and a connector pipeline 
from the infiltration gallery to the recharge basins.  For additional details on this project element, see 
Murphy Crossing Recharge and Distribution System 30% Design (CH2M Hill, August 2000).  The 
proposed locations of project facilities are shown in Figure 4-6, along with a portion of the IDS that could 
be constructed to deliver water to local farmers.  With the exception of the infiltration gallery, which 
would be located in the Pajaro River, all of the proposed facilities would be located in areas currently in 
agricultural production. 
 

Figure 4-6: Murphy Crossing Project 
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Water Quality and Yield: 
 
The key water quality parameters of concern are TDS and Phytophthora.  The expected TDS 
concentration of Pajaro River water is above the water quality objective of 500 mg/l.  High TDS 
concentrations affect growth and crop production of sensitive crops such as strawberries and raspberries.  
Additional treatment or blending with higher quality water may be necessary to meet the RWQCB TDS 
objective.  Phytophthora, similar to the Harkins Slough Project, can be removed by the percolation of 
water into the groundwater basin (CH2M Hill, April 1999).  Water from the Pajaro River would be 
diverted with an infiltration galley, which may provide adequate Phytophthora removal allowing for 
direct use.  However, if Phytophthora are not removed, it is assumed that either a special water treatment 
method could be implemented for removal of the pathogen, or delivery could be coordinated to ensure 
local strawberry farmers do not directly use Pajaro River water.  The feasibility of either strategy is not 
fully known. 
 
Based on USGS flow estimates at the Chittenden gage station (located on the Pajaro River just upstream 
of Murphy Crossing), it was estimated that the project's average annual available yield from the river 
would be 1,600 AFY.  The analysis assumed a maximum diversion flow rate of 16 cfs.  Based on 
percolation rates and basin size, the recharge limit of the project is approximately 620 AFY.  The 
remaining yield of 980 AFY will be utilized directly for irrigation purposes, as discussed above.  
Additional details on the hydrologic evaluation are described in the Impact of Revised Flow Depth 
Criterion for Pajaro River on Murphy Crossing Project (CH2M Hill, February 1999) and Murphy 
Crossing Recharge and Distribution System 30% Design (CH2M Hill, August 2000).   
 
Implementation: 
 
The PVWMA has taken some steps to implement the Murphy Crossing Project.  The Murphy Crossing 
Project was evaluated as a part of the Pajaro Valley Water Management Agency Local Water Supply and 
Distribution Projects Environmental Impact Report (ESA, 1999).  The PVWMA has certified the EIR for 
the Murphy Crossing Project.  An application for a water right was submitted to the SWRCB in 1995.  
However, protests by the Department of Fish and Game (DFG) over fishery and maintenance concerns 
have delayed the permitting process.  The National Marine Fisheries Service (NMFS) and DFG have 
requested that additional investigations be undertaken to evaluate the sediment characteristic of the 
proposed infiltration gallery. 
 
Cost: 
 
The overall cost for the Murphy Crossing supply project is approximately $6.6 million including the cost 
of the connecting pipeline from the infiltration gallery to the recharge basins.  This estimate does not 
include the cost of any portions of the inland distribution system or the potential water treatment facilities 
to remove Phytophthora to allow for direct use of Pajaro River water.  The estimated annual operations 
and maintenance costs are $0.2 million.  A summary of costs is included as Table 4-8.   
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Table 4-8: Murphy Crossing Project Cost Estimate  

Project Elements Cost Estimate 
($ Millions) 

Infiltration Gallery & Pump Station $0.8 
Recharge Basin & Basin Piping $0.9 
Recovery Wells $1.2 
Monitoring Wells $0.4 
Connecting Pipeline from Diversion to Recharge Basin $0.6 

Subtotal $3.9 
Construction Contingency $0.8 
Land Purchase & Right of Way Easements $0.6 

Total Construction Cost $5.3 
Engineering, Legal, Admin, Permits $0.9 

Subtotal $6.2 
Environmental & Permitting Contingency $0.3 

Overall Total $6.6 
Annualized Construction Costs $0.5 
Annual O & M Costs $0.2 

Total Annualized Cost $0.7 
Annual Yield (AFY) 1,600 

Unit Cost ($/AF) $436 
Notes:  
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Rounded to two significant figures or nearest $100,000. 
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4.7 Watsonville Slough with North Dunes Recharge Basin 

Description: 
 
The Watsonville Slough project would divert Watsonville Slough water during December to May for 
storage in the shallow groundwater aquifer.  The stored water would be pumped and delivered to the CDS 
during high demand periods.  Required facilities include construction of a diversion structure with a 
screened inlet, inlet pump station, wet well, filtration facility, a 7,500-gpm booster pump station, recharge 
basin, and pipelines.  A map of the facilities is shown in Figure 4-7.  The pump station would be 
constructed on the north bank of Watsonville Slough just west of the Harkins Slough confluence. 
  

Figure 4-7: Watsonville Slough Project 

 
 
Diverted water from Watsonville Slough would be filtered, pumped to the recharge site, and then stored 
in the shallow groundwater aquifer at the proposed North Dunes Recharge Basin.  The North Dunes 
Recharge Basin would have a 25-acre percolation area.  Assuming a depth of 10 ft, side slopes of 3H:1V, 
and a 12 ft maintenance road around the perimeter of the basin, the total area of the basin would be 
approximately 29.5 acres.  The Watsonville Slough facilities would be connected to the existing 24-inch 
Harkins Slough Pipeline to convey water to the recharge basins.  A pipeline extension would connect the 
existing pipeline at the Harkins Slough Recharge Basin to the North Dunes Recharge Basin.  Recovery 
wells would be constructed around the recharge basin to extract water during the irrigation season.   
 
Water Quality and Yield: 
 
Raw water from the slough typically exhibits TSS and turbidity concentrations higher than those typically 
required for percolation.  To avoid clogging the recharge basin, filtration will be needed to reduce the 
TSS to acceptable levels, and to achieve a turbidity level of less than 10 NTU (Montgomery Watson, 
October 1999).  Similar to other surface waters in the Pajaro Valley, Phytophthora is a major concern in 
Watsonville Slough water.  However, percolation of water into the groundwater basin has been shown to 
be an efficient Phytophthora removal mechanism (CH2M Hill, April 1999).    
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Watsonville Slough is a hydrologically dependent supply and the average project yield is estimated to be 
1,200 AFY.  The maximum yield of the Slough is assumed to be approximately 2,000 AFY. 
 
Implementation: 
 
Prior to construction of the Watsonville Slough Project, the PVWMA will need to obtain a water rights 
permit from the SWRCB.  The CCRWQCB has indicated that they would seek restoration of Watsonville 
Slough as a mitigation for the PVWMA diverting water.   
 
Cost: 
 
The estimated capital cost for Watsonville Slough Project is $6.6 million, including costs for land 
purchase and pipeline, but not including slough restoration costs.  The estimated annual O & M costs for 
the facilities are $0.1 million.  Watsonville Slough costs are summarized in Table 4-9.   

Table 4-9: Watsonville Slough Cost Estimate 

Project Elements Cost Estimate 
($ Millions) 

Watsonville Slough Diversion, Pumps, & Piping $0.4 
7,500 gpm Pump & Filters $0.8 
Recharge Basin with recovery wells, monitoring wells $1.8 
24-inch Pipeline to/from HS pipeline $0.8 
Fittings, Valves, etc. $0.1 

Subtotal $3.8 
Construction Contingency $0.8 
Land Purchase & Right of Way Easements $0.8 

Total Construction Cost $5.3 
Engineering, Legal, Admin, Permits $0.9 

Subtotal $6.2 
Environmental & Permitting Contingency $0.3 

Overall Total $6.6 
Annualized Construction Costs $0.5 
Annual O & M Costs $0.1 

Total Annualized Cost $0.6 
Annual Yield (AFY) 1,200 

Unit Cost ($/AF) $498 
 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Reference:  Earles, February 2001. 
3. All cost estimates are rounded to two significant figures or nearest $100,000.   
 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 4-24 

 

  

4.8 College Lake Project with Pinto Lake Diversion 

Description: 
 
College Lake is a seasonal water body in a fault-controlled depression located to the north of Holohan 
Road and west of Highway 152, near the St. Francis Cemetery.  A map of the lake is shown in Figure 4-8.  
The lake captures runoff from an 11,000-acre watershed during the winter (CH2M Hill, February 2000).  
The College Lake Reclamation District was formed in the early 1900's by landowners impacted by 
College Lake flooding.  The Reclamation District owns and operates the existing headgate and pumps 
used to drain the lake.  The pumps operate to drain College Lake by pumping the impounded water over 
the headgate into Salsipuedes Creek, which then converges with Corralitos Creek and eventually the 
Pajaro River.   

Figure 4-8: College Lake with Pinto Lake Project 
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The existing headgate and weir elevation of 60.2 ft (Datum: NAVD88) results in the seasonal inundation 
of approximately 260 acres of land, with an overall storage capacity of approximately 1,400 AF.  Under 
existing operations, pumping of College Lake water begins in April and is normally completed by May.  
Once drained, the lake bottom is planted for farming. 
 
The College Lake Project includes a new adjustable height headgate/weir structure constructed 
downstream from the existing headgate.  The new headgate would be designed to increase the maximum 
storage level of the lake by 2.3 feet, to a new maximum elevation of 62.5 feet.  This would increase the 
total storage capacity of the lake from approximately 1,400 AF to approximately 2,000 AF, and increase 
the total inundated area from approximately 260 acres to approximately 300 acres (CH2M Hill, March 
1999).  The project would require purchase of a flood easement on the 40 additional acres that would be 
flooded annually.  The project would also include construction of a screened inlet structure, a filter pump 
station, sand filtration, booster pump station, a new outlet weir structure, and pipelines.   
 
The operating schedule of College Lake diversions would be based on diverting and pumping water 
stored in the lake to the coastal distribution service areas.  The system's general operating period would be 
from December through mid-June, when runoff water is present in College Lake.  The operating schedule 
would vary from year to year and would be based on the rainfall, other available supplies and irrigation 
demand.  In general, the lake would be pumped down slowly during February and March, with increased 
pumping during May and June corresponding to increased irrigation demand.  Additional information 
about the conceptual design can be located in the technical memoranda Operational Conflicts for College 
Lake System and Suggested Conservation Measures to Protect Steelhead, (CH2M Hill, March 1999) and 
Local-Only Water Supply Alternative Evaluation (RMC, May 2001). 
 
In addition to the aforementioned College Lake facilities, a diversion from the Pinto Lake drainage 
channel would divert additional water supplies into College Lake.  Pinto Lake drains by gravity through a 
concrete conduit to a drainage channel, which ultimately discharges into Salsipuedes Creek south of 
College Lake.  The Pinto Lake diversion and associated pipeline alignment would divert water from the 
drainage channel to College Lake as shown in Figure 4-8.  The diversion structure within the Pinto Lake 
drainage channel would divert water into a 24-inch conveyance pipeline from the diversion to College 
Lake.  Water conveyed by the Pinto Lake diversion would flow into College Lake by gravity.  Additional 
project details can be located in the Local-Only Water Supply Alternative Evaluation (RMC, May 2001). 
 
Water Quality and Yield: 
 
Although College Lake water quality data are limited, available data suggest that constituent 
concentrations vary seasonally.  This is likely due to the seasonal nature of the water body.  During the 
first storm events of the season, runoff collected in College Lake exhibits high levels of TDS, nitrates, and 
other pollutants. High nitrate concentrations are typically observed during the beginning of the rainy 
season with lower concentrations occurring through the rainy season.  Water quality data indicates that 
nitrate concentrations in College Lake range from 0.3 to 20.3 mg/L N.  It is assumed that diversions from 
College Lake would occur after the initial runoff has occurred and sufficient dilution has taken place.  
Therefore, additional water treatment is not required to control nitrates or TDS as water is expected to 
meet the irrigation water quality objectives. 
 
An additional water quality parameter of concern is the presence of Phytophthora.  College Lake collects 
runoff from several nearby farm fields.  If Phytophthora is present in the fields, storm water runoff is a 
potential transport mechanism for Phytophthora.  In a study performed in 1995, Phytophthora was found 
in College Lake (CH2M Hill, April 1999).  Water captured in College Lake is proposed to undergo 
pressurized sand filtration prior to distribution.  The filters and pump station will be located to the south 
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of College Lake on the west bank of Salsipuedes Creek.  It is unclear whether Phytophthora can be 
effectively removed by filtering contaminated water through a pressurized sand media filter.  Therefore, 
an alternative treatment process not included in this project description may need to be developed in order 
to remove Phytophthora.   
 
There is limited water quality data available for Pinto Lake.  However, after an initial flush downstream 
to Salsipuedes Creek that would be not be utilized as a water supply, the average TDS of Pinto Lake 
water is expected to be in the 280 to 300 mg/L range, based on PVWMA samples collected between 1994 
and 1999 (Earles, October 2000).  Additionally, due to the Pinto Lake's support of vibrant bird habitats, 
Pinto Lake water quality contains fecal bacterial concentrations higher than most other sources. 
 
Based on hydrologic modeling, the potential annual average runoff into College Lake was estimated to be 
4,700 AF (RMC, May 2001).   However, it should be noted that the actual yield of the project would 
likely be lower due to storage constraints and mitigation measures.  Preliminary discussions with CDF 
and NMFS have identified a flow requirement of at least 2 cfs to Salsipuedes Creek for fishery concerns.  
With a storage capacity of 2,000 AF, the estimated annual yield of the project is 1,800 AF after 
incorporating these concerns. 
 
Implementation: 
 
The PVWMA submitted a water rights application to the SWRCB in 1995 for diversion and storage at 
College Lake. The College Lake Project was included in the Pajaro Valley Water Management Agency 
Local Water Supply and Distribution Projects Environmental Impact Report (ESA, 1999).  However, like 
the Murphy Crossing Project, protests by the DFG and NMFS have slowed the permitting process.  
Fishery concerns have been the main issue of protest, since College Lake is an identified habitat for 
Steelhead (Oncorhynchus Mykiss), a federally listed endangered species.  The proposed operation plan for 
the College Lake Project conflicts with migration periods of adult and smolt Steelhead.  In addition, 
mitigation measures such as increasing fish passage and supplying more water to Salsipuedes Creek 
would reduce the yield of the project and increase costs. 
 
College Lake is also a potential location of a future Army Corps of Engineers (ACOE) flood control 
project.  If the ACOE proceeds with a flood control project, PVWMA’s College Lake project may need to 
be modified to allow for flood storage in conjunction with water supply operations. 
 
For the Pinto Lake diversion, the PVWMA will need to secure a water rights permit from the SWRCB.  
In addition, the PVMWA will need to coordinate with the DFG and NMFS to identify impacts to the flow 
in Salsipuedes Creek as reduced runoff from Pinto Lake could impact Salsipuedes Creek.   
 
Cost: 
 
The estimated capital cost for the College Lake Project and the Pinto Lake Diversion is $14.1 million, 
including purchase of approximately 40 acres of flood easement.  The estimated Annual O & M costs for 
the facilities are $0.3 million.  College Lake and Pinto Lake Project costs are summarized in Table 4-10. 
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Table 4-10: College Lake with Pinto Lake Diversion Project Cost Estimate 

Project Elements Cost Estimate 
($ Millions) 

College Lake Headgate, Diversion Pumps, & Pinto Lake Diversion $1.3 
College Lake Filter Facilities & Pumps $3.0 
24-inch Pipeline to Import Pipeline $3.7 
Pipeline Appurtenances $0.4 
Environmental Habitat Mitigation $1.0 

Subtotal $9.3 
Construction Contingency $1.9 
Land Purchase & Right of Way Easements $0.3 

Total Construction Cost $11.5 
Engineering, Legal, Admin, Permits $2.0 

Subtotal $13.5 
Environmental & Permitting Contingency $0.7 

Overall Total $14.1 
Annualized Construction Costs $1.0 
Annual O & M Costs $0.3 

Total Annualized Cost $1.3 
Annual Yield (AFY) 1,800 

Unit Cost ($/AF) $720 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Reference: Earles, February 2001. 
3. All cost estimates are rounded to two significant figures or nearest $100,000.   
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4.9 Expanded College Lake Project with Pinto Lake, Corralitos 
Creek, Harkins Slough, Watsonville Slough Diversions, and 
Aquifer Storage and Recovery 

Description: 
 
This project would build and expand upon the College Lake project described in Section 4.8.  The 
Expanded College Lake Project would increase the total storage capacity of College Lake to 4,600 AF, 
would increase the number of water supplies stored in College Lake, and would add a seasonal storage 
component.  In addition to Pinto Lake, new diversions to College Lake would include Corralitos Creek, 
Harkins Slough, and Watsonville Slough. An Aquifer Storage and Recovery (ASR) component would 
maximize capture of surface water. The following paragraphs discuss the details of the new elements 
necessary for the project, and refer the reader to previous sections for details on the projects already 
discussed. 
 
The Expanded College Lake project would include a main earth dam, saddle dam, outlet works, spillway, 
pump station, and treatment facilities.  The project would increase the maximum lake elevation from 60 ft 
to 69 ft, and would lead to inundation of approximately 420 acres of land, an increase of 160 acres from 
existing conditions (King, January 2000).  The pump station, filtration facilities, and pretreatment 
facilities would be located to the south of the dam, adjacent to Salsipuedes Creek.    
 
Figure 4-9 shows the approximate location of main dam and saddle dam required to construct the 
Expanded College Lake Project.  The main dam would be constructed mainly on farmland, and would 
have an approximate footprint of 225 ft by 2200 ft.  The saddle dam has an approximate footprint of 225 
ft by 600 ft.  The conceptual design of the main and saddle dam consist of a 40 ft wide crest at elevation 
of 79 ft, embankment slopes at 3:1 (H:V), a 25-foot wide berm at 74 ft, and embankment slopes at 3:1 
(H:V) to the existing grade.  The lowest existing tie-in grade is elevation 57 ft.  The crest elevation of 79 
ft provides a 10 ft of freeboard above the normal maximum water surface.   
 
The dams would require approximately 160,000 cubic yards (CY) of borrow material from the lake 
bottom (100,000 CY) and a local rock quarry (60,000 CY) (RMC, May 2001).  Filter zones, drain zones, 
and riprap in the dam would be constructed with material for a local rock quarry.  For additional details 
on project element see Evaluation of College Lake and Bolsa de San Cayetano Project (King, January 
2000). 
 
The outlet works and spillway would be located on the easterly abutment near St. Francis Cemetery.  The 
spillway consists of a 50 ft wide by 165 ft long ogee crest structure, set at an elevation of 69 ft.  The outlet 
works consist of a 4.5 ft by 4.5 ft hydraulically operated slide gate, 4.5 ft diameter steel lined reinforced 
concrete conduit, 4.5 ft by 4.5 ft power operated control gate, and outlet channel (King, January 2000). 
 
The Corralitos Creek and Pinto Lake diversion projects would divert water into College Lake for later 
treatment and injection/extraction (ASR) for seasonal storage.  The Corralitos Creek diversion would 
route water into the Pinto Lake drainage channel near Green Valley Road.   The Pinto Lake diversion 
would then divert both Corralitos Creek and Pinto Lake water from the Pinto Lake drainage channel into 
College Lake.  The Corralitos Creek diversion would be located to the west of College Lake and north of 
the Watsonville airport.  The Pinto Lake diversion is identical to the one discussed in Section 4.8.   



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 4-29 

 

  

Figure 4-9: Expanded College Lake Dam with Pinto Lake, Corralitos Creek, Harkins 
Slough, Watsonville Slough, and Aquifer Storage and Recovery   

 
 
The Corralitos Diversion project includes a pump station and a 24-inch diameter conveyance pipeline 
from the diversion to the Pinto Lake drainage channel.  The Corralitos Creek diversion will require a 
pump station adjacent to the diversion facilities.  The total area impacted by the diversion structure and 
the pump station is an approximate 50 ft by 100 ft footprint.  Additional project details can be found in 
the Local-Only Water Supply Alternative Evaluation (RMC, May 2001). 
 
The Harkins Slough and Watsonville Slough diversions are discussed in Sections 4.1 and 4.7, 
respectively.  However, this project would divert Harkins Slough and Watsonville Slough water to the 
College Lake filter facility in a 30-inch diameter pipeline extending from the confluence of the two 
Sloughs to the College Lake treatment plant.  The Harkins Slough and North Dunes recharge basins 
would instead receive water from the WWTF (Section 4.5).  All of the surface water supplies (except 
recycled water) would be collected and stored in College Lake.  Water would be pumped from College 
Lake to a treatment facility for coagulation and filtration.  Following treatment, water would be conveyed 
in a separate pipeline to an injection/extraction well field (ASR) located along the pipeline alignment 
between College Lake and Harkins Slough.   
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ASR is an alternative identified for seasonal or temporary storage of surface water supplies.  The project 
would inject surface water in the groundwater aquifer during the winter months and then extract the water 
during the irrigation season.  Modeling has indicated that the injected water would have limited vertical 
and horizontal movement within the aquifer.  The ASR project, as evaluated in the Local-Only Water 
Supply Alternative Evaluation (RMC, May 2001), would supplement surface water storage at College 
Lake, allowing for increased capture and use of the surface supply projects identified above.   
 
The ASR well field would be located along the dual pipeline alignment between the sloughs and College 
Lake.  The pipeline alignment, as shown in Figure 4-9, would be approximately seven miles long, 
extending from the Harkins and Watsonville Slough Filtration Facilities along existing field roads to 
Airport Blvd. and Highway 1.  The pipeline would then travel along the north side of the Watsonville 
Airport property to Freedom Blvd, and then parallel Corralitos Creek and Holohan Road to College Lake. 
This route would include major microtunnel sections at both ends of the airport property to cross under 
Highway 1 and streets and houses at Freedom Blvd.  One pipeline would be dedicated to conveying water 
from the College Lake filter facility to the injection wells and would consist of multiple diameters.  The 
second pipeline would serve a dual purpose of conveying water from the sloughs to College Lake during 
the winter and then delivering water from the injection wells and College Lake to the CDS during the 
irrigation season. 
 
The ASR project includes 30 injection/extraction wells and would inject all the identified surface water 
supply sources at a rate of up to 5,400 AFY, between December and March.  The injection wells would 
then be used for extraction between April and October.  Rates of injection were estimated to be 500 gpm 
per well, while extraction rates could range from 500 to 1,000 gpm.  Based on aquifer testing and 
computer modeling, the injection/extraction wells would need to be spaced approximately 2,000 ft apart 
to eliminate adverse mounding and drawdown impacts.   
 
Water Quality and Yield: 
 
College Lake and Pinto Lake water quality is discussed in Section 4.8.  Harkins Slough and Watsonville 
Slough water quality are discussed in Sections 4.1 and 4.7, respectively.  Expected yield from the sloughs 
in conjunction with the Expanded College Lake Project is 2,300 AFY. 
 
Corralitos Creek water quality data was collected from the Corralitos Filter Plant.  Water quality data are 
limited, though monthly TDS and TSS data are available between 1998 and 2001.  The presence of 
Phytophthora in Corralitos Creek has been identified as the major constituent of concern.  Based on 
hydrologic modeling and Pinto Lake drainage area, the estimated yields of the Corralitos Creek and Pinto 
Lake diversions are 650 and 550 AFY, respectively.  However, this water requires capture and storage, 
and yield may potentially be reduced due to storage or operational limitations.  A total minimum flow 
contingency of 5 cfs for the Corralitos Creek diversions was built into the model for assumed fishery and 
water quality requirements.   
 
Injection water for ASR will consist of a blend of tributary runoff to College Lake and the 
aforementioned surface water diversions.  Therefore, injection water quality will be a function of 
operations, the proportion of water from each source, and timing of diversions.  Water quality is a major 
concern due to the potential impacts of ASR to existing potable groundwater supplies.  Depending on the 
source of injection supplies, nitrate, aluminum, manganese, and salinity are of concern due to the anti-
degradation policy of the RWQCB.  In addition, Phytophthora is present in all of the proposed water 
supplies.   
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The Expanded College Lake Project would facilitate storage and utilization of surface water above that of 
the original College Lake Project concept.  Hydrologic modeling of the Project included an analysis of 
water use and pumping from the reservoir.  Model results indicate that the Expanded College Lake would 
typically be empty between June/July and October/November under the likely operations.  The College 
Lake tributary area produces an average annual runoff of 4,700 AF, but the need for an estimated 
minimum fish release of 2 cfs and limitations on storage, the estimated yield is approximately 3,200 AFY.  
With the additional 2,300 AFY from the sloughs and 1,200 AFY from Corralitos Creek and Pinto Lake, 
the total yield of this project is estimated to be 6,700 AFY.   The inundated College Lake land would be 
available for one crop rotation during this period if suitable soil conditions remain (RMC, May 2001). 
 
Implementation: 
 
The implementation issues for the Expanded College Lake Project include those discussed in Section 4.8.  
In addition, coordination efforts with the Division of Safety of Dams are necessary to secure permits for 
dam construction.  
 
Implementation of the Watsonville Slough diversion was previously discussed in Section 4.7.  
 
Implementation of the Corralitos Creek diversion requires attainment of a water rights permits from the 
SWRCB.  In addition, coordination efforts with the DFG and NMFS would be required for the Corralitos 
Creek diversion, which is listed as habitat for Steelhead (Oncorhynchus Mykiss), an endangered species.   
 
Due to potential impacts to potable water supplies, ASR could face opposition from the CCRWQCB and 
DHS.  As a result, it may be necessary to implement additional water treatment measures over those 
assumed in the costs presented below.  These may include reverse osmosis treatment at a centralized 
facility to remove nitrates, aluminum, arsenic, iron, and/or manganese from the water to be injected.  
Preliminary estimates indicate that the facility size and cost could be 21.7 MGD and $12.0 million, 
respectively.  However, this cost is not included in the project cost estimate at this time since no definitive 
direction has been received from either the CCRWQCB or DHS at this time. 
 
Cost: 
 
The estimated capital cost for the Expanded College Lake Project, Pinto Lake, Corralitos Creek, Harkins 
Slough, Watsonville Slough Diversions, and the ASR project is $73.9 million, including land purchase of 
420 acres (60 acres already owned by the PVWMA) for the reservoir.  The estimated annual O & M costs 
for the facilities are $1.2 million.  Cost estimates are summarized in Table 4-11. 
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Table 4-11: Expanded College Lake Project with Pinto Lake, Corralitos Creek, 
Harkins Slough, Watsonville Slough, and ASR Cost Estimate 

Project Elements Cost Estimate 
($ Millions) 

College Lake Dam, Dike, Spillway, Outlet Works $7.8 
College Lake Filter Facilities & Pump Station $3.0 
College Lake Pretreatment Facilities $2.0 
Road & Utility Relocation $1.1 
Watsonville Slough Diversion, Filter, & Pumps $1.2 
Pinto Lake Diversion $0.4 
Corralitos Creek Diversion $2.6 
ASR – Injection & Extraction  
  Injection/Extraction Wells $8.3 
  Monitoring Wells $0.3 
  Pipelines for Injection $5.4 
Pipeline Sloughs to College Lake Pretreatment $7.9 

Subtotal $39.9 
Construction Contingency $8.0 
Land Purchase $7.6 
Flood Easements $0.7 

Total Construction Cost $56.2 
Engineering, Legal, Admin, Permits $9.8 

Subtotal $66.0 
Environmental & Permitting Contingency $3.3 
Harkins Slough Diversion, Filters, Pump Station $4.2 
Harkins Slough Wells and Connections $0.9 
Harkins Slough CalFed Grant ($0.5) 

Overall Total $73.9 
Annualized Construction Cost $5.4 
Annual O & M Cost $1.2 

Total Annualized Cost $6.6 
Annual Yield (AFY) 6,700 

Unit Cost ($/AF) $982 
Notes: 
1. PVWMA already owns 60 acres of the Expanded College Lake area, which would not have to be purchased. 
2. All cost estimates are rounded to two significant figures or nearest $100,000.  
3. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
4. Reference:  King, January 2000. 
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4.10 Import Water Project – Central Valley Project (CVP) with 
Various Storage Alternatives 

General Description: 
 
CVP Water is conveyed from the Delta of the San Joaquin and Sacramento Rivers through the Delta-
Mendota Canal to O'Neill Forebay.  The water is then pumped into San Luis Reservoir and diverted 
through the Pacheco Tunnel and the Pacheco Pumping Plant.  At the pumping plant, the water is lifted to 
the high-level section of Pacheco Tunnel.  The water flows through the tunnel and, without additional 
pumping, through the Pacheco Conduit to the bifurcation of the Santa Clara and Hollister Conduits, 
located east of Gilroy and north of San Benito. The water is then conveyed throughout the San Felipe 
service areas for irrigation and municipal uses (USBR, San Felipe website).  CVP water deliveries to 
these areas began in 1987. 
 
The San Felipe Division, which is operated by the United States Bureau of Reclamation (USBR), was 
constructed with a provision to serve CVP water to the Pajaro Valley.  However, no facilities were ever 
constructed to connect the Pajaro Valley to the CVP.  The Import Water project would connect a pipeline 
to the Santa Clara Conduit to import CVP water into the Pajaro Valley.  The alignment of the import 
pipeline is shown in Figure 4-10.  The facilities required include a 23-mile pipeline connecting the Santa 
Clara Conduit to the proposed CDS, and associated appurtenances.  It is expected that water supplied to 
Pajaro Basin via the CVP can be delivered to the CDS with the existing pressure in the Santa Clara 
Conduit.  A 36-inch turnout for PVWMA exists on the CVP pipeline east of Gilroy, north of Highway 25 
near San Felipe Lake.  The import pipeline would be sized from 42 to 60-inches in diameter depending on 
required yield and planned operation.  Additional design details are summarized in Pajaro Valley Water 
Management Agency Water Supply Project, Project Definition Report (CH2M Hill, 1997). 
 
General Water Quality and Potential Yield: 
 
CVP water meets the identified agricultural water quality objectives.  The presence of Phytophthora in 
CVP water is unknown at this time, and could be a factor of concern since it is suspected of being present 
in CVP supplies.  However, Phytophthora is present in numerous surface waters of California that are 
used for irrigation in Central California without detrimental effect on agricultural production.  CVP water 
quality fluctuates according to hydrologic conditions in northern California.  In the late 1980's and early 
1990's, California experienced several critical dry years.  During this period, constituent concentrations 
were higher than normal.  Recently, mineral concentrations in CVP water have been lower as California 
has experienced a series of wet years.  Despite these hydrologic cycles, CVP water is a relatively high 
quality irrigation supply for even sensitive crops such as strawberries.   The TDS of CVP water typically 
ranges between 190-420 mg/L with an expected average TDS of 300 mg/L. 
 
The design capacity available to PVWMA in the Santa Clara Conduit is 75 cfs (USBR, September 1993).  
The San Felipe system was designed for use by the Santa Clara Valley Water District (SCVWD), San 
Benito County Water District (SBCWD), south Santa Cruz County, and north Monterey County, and has 
an overall design capacity of 330 cfs.  Currently, only SCVWD and SBCWD take delivery of CVP water 
through the San Felipe system. 
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Figure 4-10: Import Water Pipeline Alignment 
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The PVWMA has a CVP entitlement of 19,900 AFY reserved for it by USBR.  However, in 1992, Title 
34 - Central Valley Project Improvement Act (CVPIA) (Public Law 102-575) became law.  The CVPIA 
has several provisions that prohibit the USBR from entering into new water contracts until certain 
environmental goals are attained.  It is expected to be several years before the USBR fulfills these 
requirements.  This has delayed negotiations with PVWMA for a new CVP contract for the 19,900 AFY 
entitlement.  Although the CVPIA has prohibited the USBR from issuing new contracts, current law does 
permit assignments of existing CVP water contracts and transfers of water between CVP contractors. 
 
In November 1998, the PVWMA entered into an agreement for the assignment of 6,260 AFY of 
contracted CVP water from the Mercy Springs Water District in northern Fresno County.  The assignment 
is a joint agreement between the PVWMA, SCVWD, and Westlands Water District.  The joint agreement 
stipulates the basis for the PVWMA acquiring all or a portion of this water supply between 2008 and 
2017.  However, if the PVWMA does not develop facilities to acquire this water by 2017, SCVWD and 
Westlands would be the sole recipients of all water entitlements assigned under the agreement.   
 
In addition to these agreements, and as a result of the restrictions of CVPIA, the PVWMA is considering 
the purchase of other CVP water contract assignments and other possible water acquisitions to augment 
groundwater pumping in the Pajaro Basin. 
 
The Import Water Project would be designed to provide sufficient water supplies to balance the water 
supplies in the Pajaro Basin.  Annual yield is dependent on hydrologic conditions and the total CVP 
contract entitlement.  Implementation of the full CVPIA requirements will affect long-term average 
annual water deliveries.  As discussed in the CVPIA EIS, the long-term average water delivery for San 
Felipe Division contractors is estimated to be approximately 60% of the contracted amount.   
 
The cost of acquiring new CVP supplies is based on the recent Mercy Springs Water District CVP 
contract assignment.  The cost of the Mercy Springs contract assignment was $1,300/AF, expressed as a 
firm contract supply.  Therefore, the estimated cost to obtain 1,000 AFY of firm supply is estimated at 
$1.3 million.  Accordingly, to acquire a 1,000 AFY contract with a projected 60 percent supply reliability, 
the PVWMA should expect to pay $1.3 million for a nominal contract amount of 1,667 AFY (1,000 AFY/ 
60 percent). 
 

4.10.1 Draft BMP 2000 – 60-inch Import Water Project with 
Inland Distribution System and Supplemental Wells 

The Draft BMP 2000 considered construction of a 48, 54, or 60-inch diameter pipeline.  Under the Draft 
BMP 2000 recommended alternative, a 60-inch Import Pipeline was selected as the most cost effective 
project to facilitate delivery of the current maximum allotted flow rate of 75 cfs, while providing greater 
flexibility in meeting future conditions.  In addition, the import project includes water banking by storing 
supplies in the groundwater aquifer as a means to realize the full annual average yield of a CVP contract.  
It allows storage of excess water in wet years and withdrawal of the stored water during dry years.  In this 
way the full potential of a CVP entitlement would be realized.  Storage in groundwater aquifers is the 
most cost-efficient method of achieving storage in the Pajaro Valley.  The recommended BMP 2000 
Alternative included an Inland Distribution System (IDS) and supplemental wells to provide in-lieu 
recharge and dry weather supply, respectively.  In this case, the IDS acts as the storage mechanism 
allowing for in-lieu recharge (water banking) to fill the basin during wet years with pumping from on-site 
wells during dry years.  The IDS and supplemental wells project descriptions are described in the 
following paragraphs. 
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Inland Distribution System: 
 
The IDS serves a dual purpose of balancing the basin and providing a mechanism for groundwater 
banking.  Overdraft in the inland areas results in lowering of groundwater elevations, which contribute to 
unsustainable conditions.  The IDS will also facilitate in-lieu banking of excess water supplies during wet 
weather years.  By constructing the IDS, the PVWMA can take advantage of higher yields of CVP water 
during wet years, resulting in reduced groundwater pumping and additional in-basin storage.  The 
additional in-basin storage is critical in achieving basin balance, as stored groundwater would be the 
major supplemental supply during dry years. 
 
A preliminary analysis of the IDS was included in Pajaro Valley Water Management Agency Water 
Supply Project, Project Definition Report (CH2M Hill, 1997). In this evaluation, an Inland Service Area 
and a Murphy Crossing service area were individually identified and analyzed. In addition, the projects 
were also combined and analyzed. The description of the IDS discussed below is assumed to incorporate 
both the Inland Service Area and Murphy Crossing Service area from the evaluation.   
 
The IDS would deliver water to a 7,900-acre service area roughly bound by State Highway 1 to the west, 
Murphy Crossing to the east, to the north by Salsipuedes Creek, Carlton Road, and Highway 129, and to 
the south by the Las Lomas area and Miguel Canyon Road.  Distribution system alignments were 
developed and consist of nearly 20 miles of 10-inch to 30-inch diameter pipelines shown in Figure 4-11.   
 

Figure 4-11: Inland Distribution System 

 
 
Assumptions for the system were developed including a delivery pressure of 60 psi and a peak day flow 
of 43.6 MGD (CH2M Hill, 1997).  Hydraulic modeling of the system was then completed assuming a 54-
inch and 60-inch import pipeline.  Model results indicated that no additional pumping is required for the 
IDS under the assumed system operations with a 54 or 60-inch diameter import pipeline.  However, based 
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on more recent information from growers, an 80-psi delivery pressure is preferred. Therefore, additional 
modeling may be required to verify pumping requirements if this project is recommended for 
implementation.  In addition, the final required IDS would be dependent on projects identified in 
conjunction with this project. 
 
Supplemental Well Component: 
 
Supplemental wells are necessary to supply water to the CDS during drought years to maintain the 
hydrostatic barrier, and allow the distribution system to meet peak demands during transient periods of 
demand fluctuation.  By constructing supplemental wells, the PVWMA would eliminate coastal pumping 
during all years, even during drought years when CVP supplies were not fully available.  PVIGSM results 
have demonstrated that this practice increases the basin sustainable yield.  The well field would be located 
to the east of Highway 1 and in the general vicinity of the proposed import pipeline alignment.  It would 
be located outside of the CDS area to limit seawater intrusion.  Water from the supplemental wells would 
be conveyed to the import pipeline for transport to the coastal distribution system during drought years, 
and to handle peak delivery flows as needed.   
 
The number of wells required to meet coastal demand is a function of the available water supply during 
drought years.  During severe dry years, CVP deliveries could drop to zero, however, this has never been 
the case.  Therefore, for evaluation purposes, the projected CVP delivery during severe dry years is 
estimated to be 10% of CVP entitlement.  Preliminary design criteria for the supplemental wells include a 
minimum well spacing of 2,000 ft and a maximum well design flow of 2,000 gpm.  Based on a design 
peak hour demand of 60,000 gpm for the CDS and assuming half of that flow would be supplied by the 
supplemental wells during a drought year; the project would require construction of 17 supplemental 
wells including two stand-by wells for reliability. 
  
Yield – Draft BMP 2000 Import Project with Inland Distribution System: 
 
The yield of the 60-inch Import project with IDS was developed specifically for the BMP 2000 
Recommended Alternative.  The Alternative remains a viable option and is discussed in Section 5.  The 
required average annual deliveries of CVP water are 10,300 AFY, and assumes a total CVP contract 
amount of 17,200 AFY with 60 percent reliability.  The yield of this project is very flexible and can be 
increased through procurement of additional import supplies.   
 
Implementation – Draft BMP 2000 Import Project with Inland Distribution System: 
 
Connection to the CVP system will require significant permitting and environmental evaluation.  The 
CVP is a federally owned project and is operated by the USBR.  Prior to implementation, the PVWMA 
will need to complete a federal (NEPA) EIS evaluating the environmental and social-economic impacts of 
the project.  This EIS has been initiated and is scheduled for completion in 2002.  
 
Comments and Issues on Draft BMP 2000 Import Water Project: 
 
The Import Water Project section of the Draft BMP 2000 received significant comments during the public 
review period for that document.  Based on comments received on the Draft BMP 2000, the PVWMA has 
investigated and evaluated additional options for reducing the need and scope of the import project and 
maximizing local water supply options.  The following two import projects were selected by the 
PVWMA for evaluation under this Revised BMP.    
 
1. A 54-inch Import Water Project with Aquifer Storage and Recovery 
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2. A 42-inch Import Water Project with Aquifer Storage and Recovery 
 
In addition to ASR as a storage mechanism, Out-of-Basin Banking represents an additional potential 
storage option for CVP or other imported water supplies.  If ASR is determined to be a non-feasible 
strategy, Out-of-Basin Banking may be used as an alternate.  Project descriptions and cost estimates for 
the two new alternatives are discussed below, followed by a description of Out-of-Basin Banking.   

4.10.2 54-inch Import Water Pipeline with Aquifer Storage and 
Recovery (ASR) 

Description: 
 
This project includes construction of a 54-inch import water pipeline along the alignment shown in Figure 
4-10.   Similar to the 60-inch diameter pipeline, the 54-inch pipeline would facilitate a maximum flow of 
approximately 75 cfs, equivalent to approximately 150 AF per day and the total allotment currently 
designated to the PVMWA.  As discussed in previous sections, to realize a long-term average annual 
yield of 60%, the wet year supplies would need to be stored.  Under this project ASR would be used to 
store and recover water from the groundwater basin. 
 
ASR consists of a series of injection and extraction wells used to inject and store water during wet 
weather years for later extraction during dry years.  The project would construct a network of injection 
and extraction wells located east of Highway 1, along the Import Pipeline alignment.  The exact location 
of the supplemental wells has yet to be determined.  Wells would be spaced approximately 2,000 feet 
apart and would have a maximum injection rate of 500 to 1,000 gpm, and a maximum extraction rate of 
2,000 gpm.  Based on a design peak hour demand of 60,000 gpm for the CDS and assuming half of that 
flow would be supplied by the injection and extraction (ASR) wells during a drought year; the project 
would require construction of 17 injection and extraction wells including two wells for reliability.  
Further, assuming a full 40 percent of the CVP contract amount of water would be available for storage 
through injection in any given year, the maximum injection rate would be approximately 660 gpm, 
assuming 15 wells in operation. 
 
Pipeline laterals would connect the Import Water Pipeline to the supplemental wells.  In addition, each 
supplemental well would be equipped with a filtration treatment process in accordance with DHS and 
CCRWQCB requirements for injection of surface waters.  Prior to injection, CVP water would be filtered 
for compliance with DHS and CCRWQCB requirements.  Upon extraction, water from the wells would 
be delivered to the CDS without additional treatment. 
 
According to hydraulic modeling results, the 54-inch pipe would result in sufficient headlosses requiring 
at least one additional pump station to be constructed for the CDS on Sunset Beach Road (CH2M Hill, 
February 1997).  Hydraulic modeling was completed assuming a delivery pressure of 60 psi.  However, 
based on grower input, the preferred delivery pressure in the CDS is 80 psi.  Therefore, additional pump 
stations may be required to provide delivery pressure of 80 psi.      
 
Yield – 54-inch Import Project with ASR: 
 
The yield of the 54-inch Import Project with ASR was developed for specific inclusion into the Modified 
BMP 2000 alternative discussed in Section 5.  The required annual average yield of the project is 11,900 
AFY assuming total required supplemental water supplies of 17,000 AFY for the Modified BMP 2000 
Alternative.  The yield of this project is very flexible and can be increased through procurement of 
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additional CVP supplies.  Assuming a 60% CVP annual average yield, the total required CVP contract for 
this project is 19,800 AFY.   
 
Implementation – 54-inch Import Project with ASR: 
 
Implementation of the Import Pipeline with ASR will require significant permitting tasks and 
environmental evaluation, similar to that identified in Section 4.10.1 for the 60-inch pipeline.  In addition, 
the PVWMA will need to procure water contracts for delivery of CVP water.   
 
ASR of CVP water will require permitting from the CCRWQCB, which manages and regulates water 
resources and storage of water in the groundwater basin.   

4.10.3 42-inch Import Water Pipeline with Aquifer Storage and 
Recovery 

Description: 
 
This project includes construction of a 42-inch Import Water Pipeline along the alignment shown in 
Figure 4-10.  Like the 54-inch Project, ASR would provide storage and recovery in order to realize the 
full potential yield of the Import Pipeline Project.  The 42-inch diameter pipeline is assumed to be the 
smallest reasonable Import Pipeline Project.  Although the allotted flow to Pajaro is 75 cfs, to equal head 
losses associated with the 54-inch Project, the small pipeline would only deliver imported water at a 
maximum flow rate of 40 cfs (approximately 80 AF per day). 
 
Like the 54-inch Project, ASR would consist of injection and extraction wells located along the Import 
Pipeline east of Highway 1.  Similarly, the exact location of the supplemental wells has yet to be 
determined.  Wells would be spaced approximately 2,000 ft apart along the pipeline and would have an 
assumed injection rate of 1,000 gpm.  Extraction rates are assumed to be approximately 2,000 gpm.  
Based on a design peak hour demand of 60,000 gpm for the CDS and assuming half of that flow would be 
supplied by the injection and extraction (ASR) wells during a drought year, the project would require 
construction of 17 injection and extraction wells including two standby wells for reliability.  Further, 
assuming a full 40 percent of the CVP contract amount of water would be available for storage through 
injection in any given year, the maximum injection rate for this alternative would be approximately 385 
gpm, assuming 15 wells in operation. 
 
 
Pipeline laterals would connect the Import Water Pipeline to the supplemental wells.  In addition, each 
supplemental well would be equipped with a filtration treatment process in accordance with DHS and 
CCRWQCB requirements for injection of surface waters.  Prior to injection, CVP water would be filtered 
for compliance with DHS and CCRWQCB requirements.  Upon extraction, water from the wells would 
be delivered to the CDS without additional treatment. 
 
A pump station along Sunset Beach Road would be required for an 80-psi delivery pressure.  A more 
detailed analysis would be required prior to implementing this alternative. 
 
Yield – 42-inch Import Project with ASR: 
 
The yield of the 42-inch Import Project with ASR was developed for specific inclusion in to the Modified 
Local Alternative discussed in Section 5.  The required annual average yield of the project is 6,900 AFY 
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assuming total required supplemental water supplies of 17,000 AFY for the Modified Local Alternative.  
The required CVP contract assuming a reliability of 60% is 11,500 AF. 
 
The yield of this project could be increased through procurement of an additional CVP contract to meet 
future increases in water demand.   
 
Implementation – 42-inch Import Project with ASR 
 
Implementation of the 42-inch Import Pipeline with ASR would be identical to the 54-inch project except 
less CVP supplies would be needed.   
 
Cost: 
 
Pipeline sizes of 42, 54, and 60-inch were identified as potential Import Pipelines for this Revised BMP.  
The 54 and 60-inch pipelines are designed to convey a 75 cfs, the flow capacity available to the PVWMA 
in the Santa Clara Conduit, to the CDS.  The 42-inch pipeline would convey a 40 cfs flow capacity to the 
CDS.  Estimated construction costs for the various Import Pipelines are shown in Table 4-12.  The table 
also summarizes the cost of the IDS and supplemental wells for the 60-inch project and the ASR facilities 
for the 42 and 54-inch projects.   
 
In addition, varying levels of pumping within the coastal distribution system will be required depending 
on the pipeline size used.  The costs for pumping within the CDS as a result of the sizing of the import 
pipeline are included in the cost estimates shown in Table 4-12.   
 
The overall estimated cost of the 42-inch Import Pipeline with ASR is $73.9 million with an annual O&M 
of $1.6 million.  The overall cost of the 54-inch Import Pipeline with ASR is $94.9 million with an annual 
O&M of $2.2 million.  The overall estimated capital cost for the 60-inch Import Pipeline with IDS and 
Supplemental Wells is $117.4 million with an annual O&M of $2.2 million.   
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Table 4-12:  Import Water Projects with Associated Storage Cost Estimate 

Cost Estimate 
($ Millions) Project Elements 

42-inch 54-inch 60-inch 
Watsonville Turnout Structure $0.1 $0.1 $0.1 
Import Pipeline $24.9 $32.0 $35.6 
Crossings $6.3 $7.9 $9.0 
Appurtenances $3.1 $4.0 $4.5 
Inland Distribution System - - $12.2 
Supplemental Wells - - $7.3 
ASR-Injection/Extraction Wells $5.6 $5.6 - 
Monitoring Wells $0.3 $0.3 - 
Pump Stations required for CDS $0.5 $0.5 - 

Subtotal $40.8 $50.3 $68.5 
Construction Contingency $8.2 $10.1 $13.7 
Land Purchase $0.5 $0.5 $0.5 
Right of Way Easements $0.7 $0.7 $1.0 

Total Construction Cost $50.2 $61.7 $83.7 
Engineering, Legal, Admin, Permits $8.8 $10.8 $14.7 
CVP Water Entitlements $9.0 $15.5 $13.4 
Additional Water Treatment (Filtration for ASR) 
(including contingency for construction and engr, 
legal, admin, permits) 

$2.4 $2.4 - 

Subtotal $70.4 $90.3 $111.8 
Environmental & Permitting Contingency $3.5 $4.5 $5.6 

Overall Total $73.9 $94.9 $117.4 
Annualized Construction Costs $5.4 $6.9 $8.5 
Annual O & M Costs $1.6 $2.2 $2.2 
Additional O & M (Filtration for ASR) $0.1 $0.1 - 

Total Annualized Cost $7.1 $9.2 $10.7 
Annual Average Yield 6,900 11,900 10,300 

Unit Costs ($/AF) $1,023 $770 $1037 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Cost of the Import project is based on: CH2M Hill, 1997. 
3. Annual average yield is assumed to equal only 60% of the contracted amount. 
4. Costs Estimate includes cost of CVP entitlement. 
5. All cost estimates are rounded to two significant figures or nearest $100,000.   
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4.10.4 Out-of-Basin Banking Option 

Description: 
 
An Out-of-Basin Water Banking program would allow the PVWMA to partner with another CVP 
contractor to exchange excess CVP import supplies from the PVWMA to another CVP contractor during 
wet or normal years.  During dry years, the CVP contractor would transfer CVP water back to the 
PVWMA.  For the PVWMA, Out-of-Basin banking increases the reliability of the CVP supply, and 
minimizes the need for additional storage facilities and the size of delivery pipelines. 
 
Provisions of a water banking agreement typically require that the contractor acting as the water bank 
keeps a portion of this water, which is estimated to be approximately 10% of the total banked water 
supply.  This 10% accounts for seepage, evaporation and unaccounted losses.  In addition, the PVWMA 
would probably pay this contractor a nominal fee to provide this service.  The water banking concept is 
being used successfully by other California water management agencies. 
 
This option provides the PVWMA with either an alternative to an IDS or ASR if those storage elements 
were determined to be too costly, or a means to expand operational flexibility and increased reliability of 
supply in conjunction with an IDS or ASR element. 
 
Implementation: 
 
Out-of-Basin Banking is contingent on developing and negotiating an agreement with one or several CVP 
contractors/agencies to banking surplus water.  There are potentially reduced local environmental impacts 
associated with not constructing additional capital facilities.   
 
Cost: 
 
The expected cost for Out-of-Basin Banking includes administrative and legal fees plus a minimal cost 
for banking water.   
 
San Benito Water District currently has an agreement where they pay their banking partner approximately 
$20/AF for banking water in their service area.  It is anticipated that the PVWMA will be able to enter 
into agreements with other contractors to bank water at similar costs ($20–25/AF) and conditions.  An 
additional $50,000/yr in costs for managing and maintaining the contract, and legal fees, is also assumed. 
 
Prior to implementation of a banking agreement, a CVP contract and connecting pipeline to the CVP 
system are required.  It is assumed that additional CVP supplies would be purchased and banked as 
needed, depending on the strategy selected. 
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4.11 Bolsa De San Cayetano with Pajaro River Diversion 

Description: 
 
The Bolsa De San Cayetano (Bolsa) Dam would be located in Monterey County on the south side of the 
Pajaro River and adjacent to Trafton Road, as shown in Figure 4-12.  The Bolsa project would provide 
surface storage of 5,000 AF for Pajaro River diversions in addition to capture of limited runoff from a 
723-acre drainage area.  The reservoir is surrounded by 100 to 150 ft high terrace upland that has been 
eroded to form a canyon.  The earth fill dam would be located across the mouth of the canyon, which 
forms the reservoir (King, January 2000). 
 

Figure 4-12: Bolsa De San Cayetano with Pajaro River Diversion Project 

 
 
Under the conceptual design, a 70 ft high earth dam with a crest length of 1,500 ft would be constructed 
to an elevation of 80 ft.  A saddle dam on the north ridge would be approximately 700 ft long.  The earth 
dams would be constructed from approximately 871,000 CY of reservoir borrow material and 
approximately 204,000 CY of filter, drain, and riprap material from the Aromas Quarry.  The Pajaro 
River diversion facilities would consist of an infiltration gallery, filtration facilities, and pumping station 
located approximately 0.5 miles upstream of the confluence of Salsipuedes Creek and the Pajaro River.  
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In addition, a 6-mile conveyance pipeline from the diversion to the Bolsa reservoir would be required 
(King, January 2000). 
 
Additional project details can be located in the Evaluation of College Lake and Bolsa De San Cayetano 
Projects (King, January 2000). 
 
Water Quality and Yield: 
 
As previously discussed in Section 4.6, TDS and Phytophthora are the major water quality concerns for 
water diverted from the Pajaro River.  For additional information see Section 4.6. 
 
The annual yield of the Bolsa project and Pajaro River Diversion is 5,000 AFY.   
 
Implementation: 
 
In addition to water quality concerns, the Bolsa project must address seismic hazards.  The project is 
located nine miles to the west of the San Andreas Fault in an area that is partly ancient sand dunes, and is 
under the influence of the Sargent, Zayante-Vergeles, San Gregorio, and Monterey Bay faults.  The area 
is vulnerable to a large magnitude earthquake that could result in liquefaction of saturated sand layers that 
exist within the basin fill deposits.  The seismic stability of constructing a dam must be evaluated and 
incorporated into the final design.  Mitigation costs for potentially required seismic upgrades and 
Phytophthora removal were not included in this analysis.   
 
Implementation of the project will require significant permitting tasks and environmental coordination.  A 
water rights permit from the SWRCB is required prior to diversion of water from the Pajaro River.  In 
addition, coordination efforts with the DFG and NMFS are necessary to evaluate impacts on habitat and 
endangered species.  In addition, coordination efforts with the Division of Safety of Dams are necessary 
to secure permits for dam construction.  
 
Cost: 
 
Table 4-13 summarizes the estimated cost for the Bolsa and Pajaro River Diversion Project.  The 
estimated capital cost of the project is $87.8 million, which includes land purchase of approximately 170 
acres.  The estimated annual O & M costs for the facilities are $0.8 million. 
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Table 4-13:  Bolsa De San Cayetano with Pajaro River Diversion Cost Estimate  

Project Elements Cost Estimate 
($ Millions) 

Bolsa Main Dam, Saddle Dam, Spillway, Outlet Works $24.5 
Road Relocation $0.4 
Pajaro River Diversion & Filter, & Filter Pumps $13.0 
Pump Station Diversion $8.1 
Transmission Pipeline $8.4 
Connecting Pipeline to CDS $0.6 

Subtotal $55.0 
Construction Contingency $11.0 
Land Purchase & Right of Way Easements $5.1 

Total Construction Cost $71.2 
Engineering, Legal, Admin, Permits $12.5 

Subtotal $83.7 
Environmental & Permitting Contingency $4.2 

Overall Total $87.8 
Annualized Construction Costs $6.4 
Annual O & M Costs $0.8 

Total Annualized Cost $7.2 
Annual Yield 5,000 

Unit Costs ($/AF) $1,433 
Notes: 
1. Annualized costs are based on a 30-year capital recovery period at 6% interest. 
2. Reference: Modified from King, January 2000. 
3. All cost estimates are rounded to two significant figures or nearest $100,000.   
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4.12 Seawater Desalination 

Description: 
 
Desalination is the process of converting seawater or other high TDS water into potable water.  A  
desalination plant that treats Monterey Bay seawater could be constructed to provide water for 
agricultural irrigation.  A seawater desalination project would theoretically provide a reliable supply of 
water for the Pajaro Valley, due to the abundantly available seawater and lack of seasonal or annual 
dependencies associated with the supply.  Currently, Reverse Osmosis (RO) treatment is the most cost 
effective and feasible treatment option for desalination.  
 
A desalination project would collect seawater via beach collectors1 at the coast and convey it to the 
treatment plant via a new pipeline.  The treatment plant would consist of membrane modules and high 
pressure feed pumps.  The membranes are materials that act like a sieve, allowing the passage of water 
molecules while retaining dissolved impurities.  To achieve this, feed water must be pressurized to 
approximately 1,000 pounds per square inch (psi) to drive the water molecules through the membrane.  
The high feed pressure results in very high energy costs. 
 
The treated, low salt water would be conveyed to the CDS for blending with other sources of water and 
eventual use by growers. 
 
Because seawater has a TDS concentration of approximately 35,000 mg/L, the membranes reject more 
than 50% of the feed water.  Therefore, if 10,000 AFY of desalinated seawater is needed, the treatment 
plant has to be sized for a capacity of 20,000 AFY.  This also results in the need for a dedicated pipeline 
and ocean outfall to dispose of 10,000 AFY of brine. 
 
A reverse osmosis plant could be located anywhere in the Pajaro Valley, but two potentially suitable 
locations are the WWTF and adjacent to the Moss Landing Energy Facility.  If an agreement could be 
reached with Duke Energy and the plant were located at Moss Landing, the existing cooling water intake 
and outfall facilities serving the Moss Landing Energy Facility could be utilized for a supply of seawater 
and for brine disposal.  Further, locating the plant at Moss Landing could result in energy costs that are 
approximately one-half the energy cost of facilities taking energy from the distribution grid. 
 
Water Quality and Yield: 
 
Water quality would meet or exceed all identified objectives for irrigation water.  A desalination plant 
could be sized according to water demands in the Pajaro Valley and would provide a highly reliable 
supply to the basin. 
 
Implementation: 
 
Implementation of a seawater desalination plant would involve siting of the treatment plant, the intake 
pipeline and the brine discharge pipeline/outfall.  The brine outfall would be the most difficult of these 
facilities to locate and permit, given that the discharge point would be to the Monterey Bay Marine 
Sanctuary.   
 

                                                      
1 The collectors would consist of a vertical reinforced concrete case with lateral screened pipes protruding toward 
the ocean.  A pump located within the concrete column would deliver water to desalination facilities. 
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Use of RO would also increase the energy dependence of the PVWMA and would make the supplemental 
water supply more vulnerable to increases in energy costs or energy shortages. 
 
Cost: 
 
The high feed pressures and the need to 'double size' the treatment capacity result in a treatment cost of 
approximately $1,200/AF, assuming electric power costs at $0.12/kilowatt-hour.  If power costs were 
lowered to $0.069/kilowatt-hour, the unit cost of treated water would drop to $1,005/AF (CPUC Plan B, 
2001).  This lower power cost might be available if the treatment plant were located near the Moss 
Landing Energy Facility. 
 
In addition to the treatment costs are the costs for land acquisition, the seawater intake, and brine water 
discharge and outfall lines.  Thus, the total unit cost of desalinized seawater would be even greater than 
the costs cited above.  The extremely high cost for desalination of seawater for agricultural uses, coupled 
with its dependency on large quantities of power and other implementation issues identified, prevents this 
type of project from being carried forward into any of the strategies presented in Section 5. 
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4.13 Summary 

The projects discussed in Section 4 would provide water of various qualities for irrigation use, including 
several high salinity supply projects.  Therefore, in order to meet the water quality objective of this 
Revised BMP (see Section 2.9), some projects require blending with higher quality water.  For instance, 
the recycled water project as currently defined would provide water with an expected TDS of up to 900 
mg/L, so blending would be required in order to meet the water quality objective of 500 mg/L TDS.   
 
Implementation of water supply projects will require permitting and coordination with jurisdictional 
agencies and stakeholders.  As previously discussed, some of the projects, including ASR of surface water 
or percolation of recycled water, may require additional treatment facilities as required by governing laws 
or regulators.  It should be noted that projects including injection of surface water and/or percolation of 
recycled water have an associated cost risk based on their current design.  
 
In general, the projects in this section can be used for developing combinations of water supply project to 
balance the basin and eliminate seawater intrusion.  However, some of the projects in this section are 
pertinent to specific alternatives presented in Section 5.  This was the case with the Import Pipeline 
Project, which has a variable potential yield, but the specific yield is pertinent to a given combination of 
water supply projects.  The import water projects are capable of supplying various levels of yield to the 
Pajaro Valley by purchasing additional CVP supplies as needed.  However, each Import Project is 
specifically designed to supply water necessary for their associated alternatives in Section 5.     
 
The water supply projects discussed in this section represent the most feasible set of project options 
identified for water supply to the PVWMA service area.  The projects can be combined to develop 
various BMP alternatives to provide supplemental irrigation water to prevent seawater intrusion in the 
Pajaro Valley groundwater basin.  However, it should be noted that many of the project elements are 
included in several of the projects.  For instance, the Harkins Slough diversion facility is included in the 
Harkins Slough Project with Harkins Slough Recharge Basin and is also included in the Expanded 
College Lake project.  Therefore, a combination including these two projects is not feasible.  Similar 
instances of overlap are issues for the College Lake facilities, Watsonville Slough diversion, North Dunes 
Recharge Basin, Harkins Slough Recharge Basin, Recycled Water facilities, and Import Water pipeline 
elements.  
 
An additional overlap concern is specifically identified for the Bolsa de San Cayetano with Pajaro River 
Diversion and the Murphy Crossing Project.  Both projects would divert from the Pajaro River and would 
likely not be constructed in conjunction. 
 
In Section 5, Basin Management Plan Alternatives are formulated to meet the Revised BMP objectives.  
The packaging of water supply projects into various strategies is identified and then evaluated.   
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5 Basin Management Plan Strategies 

The previous draft BMP 2000 contained a recommended Basin Management Plan for balancing the basin 
and eliminating seawater intrusion.  However, public review of that draft document indicated the need to 
more fully assess the merits of alternative management options, particularly those strategies that 
incorporate local supply options.   
 
This section presents four alternative Basin Management strategies that incorporate a range of feasible 
local supply options that were identified and evaluated in Section 4.  These alternatives are: 
 

• BMP 2000 Alternative.  This strategy is similar to the one identified in the draft BMP 2000 
document published in May 2000.  Modifications to this Alternative between the BMP 2000 
document and this Draft Revised BMP were limited to updating individual cost estimates.   

• Local-Only Alternative.  This strategy demonstrates the costs and implications associated with 
developing only local water supplies and storage projects within the Pajaro basin.  The Local-
Only Alternative was developed based on recommendations from local stakeholders, and 
information about this alternative is extracted from Local-Only Water Supply Alternative 
Evaluation (RMC, May 2001).   

• Modified Local Alternative.  This strategy builds upon the projects that comprise the Local-
Only Alternative and maximizes potentially feasible local projects.  It supplements the local 
projects with the minimum quantity of imported water needed to balance supply with current 
demand.  The concept behind this alternative was developed based on recommendations from 
local stakeholders. 

• Modified BMP 2000 Alternative.  This strategy presents a potential modification of the BMP 
2000 alternative that reduces the size of the import pipeline. The size reduction is brought through 
in-basin storage with groundwater injection/extraction and elimination of the inland distribution 
system.  Other project components were also modified from the original BMP 2000 alternative to 
maximize their cost effectiveness. 

 
Table 5-1 compares the four alternatives in terms of which projects they involve and what issues may be 
associated with their implementation. 
 
A description, cost estimate, map, operational strategies, requirements for meeting anticipated future 
agricultural and urban increases in water demand, and a discussion of each alternative is provided in the 
following sections.   
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Table 5-1: Comparison of Alternatives 

Project BMP 
2000 

Local- 
Only 

Modified 
Local 

Modified 
BMP Issues and Comments 

5,000 AF Water 
Conservation ♦ ♦ ♦ ♦ 

Requires 5,000 AFY of water conservation. 

Harkins Slough Project ♦ ♦ ♦ ♦ 
Construction of diversion and recharge basin 
is complete. 

Coastal Distribution 
System ♦ ♦ ♦ ♦ 

Necessary to eliminate coastal pumping to 
maximize groundwater yield. 

Recycled Water Project  

(4,000 AFY) ♦   ♦ 
Blending facility required to meet water 
quality requirements; additional permits 
required. 

Recycled Water Project  

(6,000 AFY) 
  ♦  

Blending facility required to meet water 
quality requirements; additional permits 
required; additional treatment for recharge of 
recycled water. 

Recycled Water Project  

(7,700 AFY) 
 ♦   

Blending facility required to meet water 
quality requirements; additional permits 
required; additional treatment for recharge of 
recycled water. 

Murphy Crossing Project ♦    Protests from DFG; additional studies 
requested by NMFS. 

Watsonville Slough 
Project  ♦ ♦  Water rights permit; restoration of the slough 

probably required. 

College Lake Project   ♦  Protests by DFG and NMFS; water rights 
permit required. 

Expanded College Lake 
Project  ♦   

Same issues as above two projects; plus water 
rights permit required for Corralitos Creek.  
Injection may require reverse osmosis 
treatment. 

60” Import Water Project ♦    
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts. 

54” Import Water Project    ♦ 
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts; requires filtration for injection. 

42” Import Water Project   ♦  
Implementation requires resolution of 
Measures D and K and acquisition of CVP 
contracts; requires filtration for injection. 

Additional 5,000 AFY 
Water Conservation via 
Land Fallowing 

 ♦   
Requires the equivalent of 2,200 acres of 
basin-wide land fallowing, or approximately 
800 to 1,000 acres of fallowing near the coast. 

Bolsa de San Cayetano 
Project     Significant seismic, environmental and cost 

issues eliminated this component. 

Seawater Desalination     Permitting difficulties for disposal of brine; 
cost-prohibitive. 

Note:  See Sections 5.1 – 5.4 for additional information about data contained in Table 5-1. 
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5.1 BMP 2000 Alternative 

The BMP 2000 included a recommended alternative that incorporated imported CVP water to supplement 
locally developed supplies to eliminate seawater intrusion and balance the basin, without regard to the 
location of the water source.  This strategy identified the following projects as components of the 
recommended BMP 2000 alternative: 
 

• Coastal Distribution System; 
• Conservation: 7-year plan (5,000 AFY); 
• Harkins Slough with Harkins Slough Recharge Basin with Supplemental Wells and Connections 

(1,100 AFY); 
• Murphy Crossing with Recharge Basins (1,600 AFY); 
• Recycled Water (4,000 AFY); and 
• 60-inch Import Water Project with Inland Distribution System and Supplemental Wells (10,300 

AFY). 
 
A map of the BMP 2000 facilities is shown in Figure 5-1.  The BMP 2000 Alternative was created in 
order to meet current urban and agricultural demand of 71,500 AFY and eliminate seawater intrusion.  
The current BMP 2000 Alternative would fully meet existing demand conditions, but would not provide 
any additional supply necessary to meet future demands. 
 
With existing supplies from the Corralitos Creek Filter Plant and other surface water diversions, the total 
groundwater demand is reduced to approximately 69,000 AFY.  The implementation of the agriculture 
and urban water conservation program will further reduce the total groundwater demand to 64,000 AFY. 
 
As previously discussed in Section 2.8.2, the basin sustainable yield assuming coastal pumping reductions 
and an extremely dependable supplemental supply is 48,000 AFY.  However, when supplemental 
supplies are hydrologically dependent, the basin sustainable yield deceases as groundwater pumping is 
increased to meet demand during drought or below normal years.  Due to the hydrologic dependency of 
the BMP 2000 Alternative water supply projects, the sustainable yield of the groundwater basin following 
implementation of the BMP 2000 alternative is estimated to be approximately 47,000 AFY.   
 
With development of recycled water, Murphy Crossing, and Harkins Slough local supplies, the estimated 
average annual delivered CVP water required to balance the basin is 10,300 AF.  Assuming an average 
CVP annual delivery of 60% of contract entitlement, the PVWMA will need to secure water contracts for 
approximately 17,200 AFY to meet this need.  Total supplemental yield of the capital projects associated 
with this alternative were estimated to be approximately 17,000 AFY, representing a total sustainable 
yield for all supplies of 64,000 AFY.   
 
Although 17,000 AFY is the total quantity of supplemental supply required to balance the basin, 
approximately 18,500 AFY of water must be delivered to the CDS in order to develop a hydrostatic 
barrier resulting in sustainable groundwater pumping of 47,000 AFY.  Therefore, on average at least 
1,500 AFY would be pumped from supplemental wells east of Highway 1 and delivered to the CDS. 
 
In addition to providing in-lieu recharge and storage of water in the groundwater aquifer, the IDS also 
provides the benefit of supplying higher quality water to inland farmers that presently irrigate with lower 
quality water. 
 
The water balance objective for this alternative is summarized in Table 5-2. 
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Figure 5-1: Map of BMP 2000 Alternative 
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Table 5-2: BMP 2000 Alternative Water Balance Objective 

Water Demand Objective AFY 
Current Agricultural 59,300 
Current Urban 12,200 
Total Demand 71,500 
Corralitos Creek Filter Plant (1,100) 
Other Surface Water Diversions (1,000) 
Remaining Demanda 69,000 (rounded) 
Future Agricultural and Urban Water Conservation (5,000) 
Total Demand Objective 64,000 
  
Water Supply Objective  
Existing Basin Sustainable Yield 24,000 
Increase in Sustainable Yield due to Coastal Pumping Management 23,000 
Murphy Crossing with Murphy Crossing Recharge Basin 1,600 
Harkins Slough with Harkins Slough Recharge Basin 1,100 
Recycled Water 4,000 
Import Water Project 10,300 
Total Supply Objective 64,000 
Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
 
The locations of the supplemental wells have yet to be identified, but are anticipated to be in an area 
adjacent to the Import Pipeline between Highway 1 and Allison Road.  Conservation measures included 
in the BMP 2000 Recommended Alternative would be at levels identified in the WC 2000.  The water 
quality objective is also consistent with the CCRWQCB Basin Plan water quality criteria identified in 
Section 2.  No out-of-basin storage of water is included in this alternative, although it could be 
incorporated if determined to be cost-effective. 
 
Operational Strategy: 
 
A flow schematic for the BMP 2000 alternative is shown in Figure 5-2. 
 
CVP water would be the major source water supply, and would be conveyed from the Santa Clara 
Conduit to the CDS and IDS for direct use.  Water from the CVP would be combined with water 
extracted from the Murphy Crossing recharge basin and direct Pajaro River diversions to supply the IDS.  
Supplying the IDS with supplemental water supplies results in in-lieu recharge of the basin, and a 
reduction in groundwater pumping.  In the CDS, CVP water would be blended with recycled water at a 
blending facility located near the intersection of Highway 1 and the Pajaro River, prior to distribution.  
Water extracted from the Harkins Slough Recharge Basin would be blended within the San Andreas 
portion of the CDS.  CDS deliveries provide a basis for stopping agricultural pumping along the coast to 
assist in the creation of the coastal hydrostatic barrier. 
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During a normal rainfall year, farmers in the CDS would receive a blend of CVP, Murphy Crossing, and 
recycled water, with farmers in the Dunes area receiving the Harkins Slough Project water in addition to 
the blended supply.  Supplemental wells would be utilized to meet peak day demands.  Farmers in the 
IDS would receive a blend of Murphy Crossing and CVP water, supplemented by groundwater to meet 
peak day demands. 
 
During a below-normal rainfall year, inland farmers would only receive water from the import pipeline 
after the CDS demands had been accounted for.  As a result, inland farmers on the IDS would be required 
to maintain their on-site wells for use as a backup supply.  Farmers receiving water from the CDS would 
be supplied water from supplemental wells during dry years in order to maintain the coastal hydrostatic 
barrier.  The quantity of water conveyed to the CDS by supplemental wells would be the difference 
between CDS demand and available supplies from CVP, Murphy Crossing extraction, recycled water and 
Harkins Slough extraction. 
 
During an above-normal year of CVP deliveries, both the CDS and IDS would be operated similar to a 
normal year.  However, it is anticipated that the additional water supplies would be utilized by increased 
numbers of IDS farmers, resulting in increased in-lieu recharge in the inland portion of the groundwater 
basin.  Less water would be pumped from the supplemental wells in order to maximize use of imported 
water supplies and maximize water stored in the inland and coastal groundwater basins.   
 
Cost Estimate: 
 
The BMP 2000 alternative relies mainly on imported and recycled water supplies.  A significant portion 
of the cost is associated with construction of the Import Pipeline and associated facilities, and purchase of 
CVP contracts.  The cost of the contract is estimated to be $1,300 per AF of firm contract supply, based 
on the cost of the Mercy Springs contract assignment, as described in Section 4.12.  The cost of 10,300 
AF average annual CVP water supplies is estimated to be $13.4 million.   
 
The cost of the CVP contract is included in the cost of the 60-inch Import Water Project with IDS.  In 
addition, the $117.4 million for the 60-inch Import Water Project with IDS includes costs for 
supplemental wells needed to meet peak demand and to supply additional water during drought years. 
 
The cost estimate contained in Table 5-3 includes the same projects identified in the BMP 2000, but with 
cost estimates updated to Spring 2001.  The updated costs reflect the result of bid estimates received for 
the Harkins Slough Project and additional information collected between the distribution of the Draft 
BMP 2000 and this document.  Actual implementation costs may vary from the costs shown due to 
scheduling, design modifications or other actions. 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 5-8 

 

Table 5-3: BMP 2000 Alternative Cost Estimate 

Project Element ($ Millions) 
Coastal Distribution System   $34.4 
Conservation (7-year)  $1.7  
Harkins Slough Project with Harkins Slough Recharge Basin   $6.6  
Murphy Crossing with Recharge Basins  $6.6 
Recycled Water Project (4,000 AFY) $19.2 
60-inch Import Water Project with Inland Distribution System, CVP contract purchase 
and Supplemental Wells  $117.4  

Subtotal $185.8 
Financial & Bond Sale Cost @ 1.0% $1.9 
Recycled Water Grant (Title XVI) $(20.0) 
Total Capital Cost $167.6 
Annualized Capital Cost at 6% for 30 years  $12.2 
Annual O & M Costs $4.4 
Total Annual Cost $16.6 
Income from PVWMA Delivery Charges on Customers Receiving Delivered Water @ $92 
per AF  (18,500 AFY) $1.7 

Adjusted Total Annual Cost $14.9 
Combined Sustainable Yield (AFY) 64,000 
Cost per AF ($/AF)a $233 
PVWMA Delivery Charge for Customers Receiving Delivered Water ($/AF) $92 
Cost per AF plus PVWMA Delivery Charge for Customers Receiving Delivered 
Water ($/AF) $325 

Footnotes: 
a. Cost to growers pumping from the groundwater basin. 
 
Notes: 
1. Spring 2001 construction costs. 
2. Capital Recovery Factor (A/P) for 6% at 30 years is 0.07265. 
3. Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits Contingency of 17.5%, and 

Environmental and Permitting Contingency of 5%. 
4. Cost per AF shown assumes (total annual costs minus total annual avoided cost of pumping) divided by combined 

sustainable yield.  
 
Future conditions (2040 Demand): 
 
In order to meet potential future increases in agricultural and urban water use, an additional 9,000 AFY 
(3,900 AFY of urban demand, plus 5,100 AFY of agricultural demand) of supplies must be identified and 
secured for development to occur.  Local supply options to meet this demand could include College Lake, 
Watsonville Slough, and expanded recycled water use.  However, the most cost-effective alternative 
would be an increase in the amount of imported CVP water.  This would require purchase of additional 
CVP supplies and expansion or maximization of the existing coastal or inland distribution systems.  It is 
also expected that this will increase the required number of supplemental wells, particularly if water 
deliveries from CVP average 60% of the CVP contract entitlement.  It is not expected that an increase in 
CVP deliveries would require additional pumping (CH2M Hill, 1997). 
 
Although expanded conveyance, distribution and supply facilities are required to meet future demands, 
these facilities have not been quantified in detail.  For estimation purposes, it was assumed that the unit 
cost of these additional facilities would be similar to the unit costs of facilities evaluated in this document.  
The cost for increased distribution service area was based on the CDS cost estimate, assuming a similar 
$/AFY unit cost.  The number of additional supplemental wells was assumed based on the percent 
increase in CVP contract entitlement.  Preliminary cost estimates for these facilities are summarized in 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 5-9 

 
Table 5-4.  It should be noted that expansion of the water delivery capabilities would be incremental in 
nature, and would staged to respond to increased demands on as as-needed basis. 
 

Table 5-4: Additional Facilities Required to Meet 2040 Agricultural and Urban 
Demand 

Item Quantity Loaded Unit Cost Cost ($ Millions) 
CVP Contract 9,000 AFY $1,300/AFY $11.7 
Increased Distributiona 9,000 AFY $1,860/AFY $16.7 
Increased Supplemental 
Wellsb 

8 wells $530,000/well $4.2 

Total Capital Cost $32.6 
Footnotes: 
a. Unit cost estimate based on construction of a $34.4 million CDS serving 18,500 AFY. 
b. The number of additional wells was based on a linear estimate assuming 15 wells to supply approximately half of the peak 

hour demand for an 18,500 AFY CDS.  No additional wells are provided for reliability.  Loaded unit cost for supplemental 
wells includes filtration treatment, pipelines, well, and land purchase of 1 acre.  Estimates also include 20% contingency, 
17.5% engr/legal/admin/permitting, and 5% environmental and permitting contingency.  

 
Key Points and Implementation Issues: 
 
Presented below is a summary of key points and implementation issues regarding this alternative: 
 
• Utilization of the IDS for in-lieu groundwater banking and delivery of CVP water will improve water 

quality to many farmers in the inland portion of the basin.  Numerous farmers in this area pump 
groundwater with TDS concentrations above 900 mg/L.  Supplementing this source with CVP water 
would be expected to improve crop yield and soil drainage as well as increase groundwater levels.   
 

• In addition to pumping benefits previously discussed, the 60-inch import pipeline with a maximum 
flow rate of 75 cfs provides sufficient flexibility in the event additional water supplies are required.  
  

• Rights to water from a Pajaro River diversion at Murphy Crossing have yet to be obtained, and were 
challenged by DFG.   
 

• Harkins Slough supplemental wells and connections will provide peaking supply for the distribution 
system until additional supplemental supplies can be developed.  Once these supplies are developed, 
these wells would continue to provide peaking supply for the entire CDS. 
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5.2 Local-Only Alternative  

The objective of the Local-Only Alternative (LOA) is to eliminate seawater intrusion through the 
implementation of local water supply projects and demand management measures, without importation of 
water from outside the basin.  Demand management measures include high levels of conservation above 
those identified in WC 2000.    
 
In developing the LOA, it was recognized that the overall quality of water supplied to growers would be 
less than the identified objectives, since a higher portion of the overall water supply is composed of 
recycled water.  Therefore, the identified water quality objectives were not adopted as an objective of this 
alternative.  Instead, the general aim of the LOA is to provide water quality that avoids a significant level 
of impact to agricultural production. 
 
The LOA includes the following water supply projects and demand management plan: 

 
• Coastal Distribution System; 
• Conservation: 7-year plan (5,000 AFY); 
• Additional Conservation (5,000 AFY); 
• Expanded College Lake with Pinto Lake, Corralitos Creek, Harkins Slough, and Watsonville Slough 

Diversions, and Aquifer Storage and Recovery (6,700 AFY); 
• Recycled Water Project with Harkins Slough and North Dunes Recharge Basin (7,700 AFY); and 
• Land Fallowing (Achieved with annual agriculture land leases of 2,200 acres basin-wide.) 
 
The proposed location of these facilities is shown in Figure 5-3. 
 
The Local-Only Alternative would maximize the use of recycled water by constructing an additional 
percolation basin as well as use of the Harkins Slough recharge basin for seasonal storage of recycled 
water.  The proposed North Dunes recharge basin and injection/extraction wells would be located 
approximately 1,500 ft southwest of the intersection of Sunset Beach Road and San Andreas Road.  This 
would allow use of approximately 7,700 AF of annual recycled water for irrigation in the Pajaro Valley.  
The total yield of the Expanded College Lake Project with supplemental elements was estimated to be 
6,700 AFY based on hydrologic analyses completed by the PVWMA, providing a total additional supply 
of approximately 14,400 AFY. 
 
Additional conservation of 5,000 AFY was then assumed, increasing total agricultural and urban water 
conservation to 10,000 AFY (9,000 AFY agricultural and 1,000 AFY urban conservation) or 
approximately 14% of current overall PVWMA demands.  The combined conservation is summarized in 
Table 5-5.  Water use factors for various agricultural crops were reduced to account for either increased 
conservation or reduction in number of crop rotations.  Modeling of the alternative was then completed 
with the PVIGSM to determine sustainable groundwater basin yield. 
 
The Local-Only Alternative was modeled with the PVIGSM utilizing the local water supply projects that 
produce an average yield of 14,400 AFY, with conservation and no land fallowing.  PVIGSM results 
from this scenario showed significant basin imbalance and seawater intrusion resulting from insufficient 
water supplies, reduced infiltration of surface water supplies, and the impact of hydrologic conditions on 
surface water supplies.  As a result, demand management techniques above those modeled, such as those 
identified in Section 3, were required to bring the basin into balance and eliminate seawater intrusion.   
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A second model run was utilized to determine the required level of land fallowing necessary to meet these 
objectives.  Based on modeling iterations, the LOA would require the equivalent of 2,200 acres of basin-
wide agricultural land fallowing in addition to the assumed 14% conservation within the PVWMA service 
area in order to balance the basin.  This land fallowing reduces the overall basin water demand by 
approximately 3,000 AFY.  Modeling input assumptions are summarized in Table 5-5.   
 

Table 5-5: PVIGSM Modeling Input to Achieve Basin Balance for LOA 

Item Assumption 
Total Agricultural & Urban Conservation  10,000 or 14% (of Current Water Use) 
Agricultural Land Fallowinga 2,200 acres 
Footnotes: 
a. The reduction in water demand due to land fallowing is in addition to other water conservation. 
 
Notes: 
1. The PVIGSM model assumes this result to be equivalent to 14,400 AFY from the hydrologic model.   PVIGSM intricacies 

limit the input of the exact value. 
 
As previously discussed in Section 2.8.2, the basin sustainable yield assuming coastal pumping reductions 
and an extremely dependable supplemental supply is 48,000 AFY.  However, when supplemental 
supplies are hydrologically dependent, the basin sustainable yield deceases as groundwater pumping 
during drought or below normal years is increased to meet demand.  Due to the hydrologic dependency of 
local surface water supplies, coupled with the low yield of supplemental supplies, the sustainable 
groundwater yield for the LOA has been estimated to be 42,000 AFY.  Including demand management 
measures and the supplemental supply yield associated with the LOA, the supply and demand in the 
PVWMA boundary would be balanced at 56,000 AFY.   
 
This sustainable yield estimate is based on the anticipated reliability of the various supplies, creation of 
the hydrostatic barrier and modeling assumptions.  With development of the Recycled Water Project, the 
Harkins Slough and North Dunes Recharge Basins, and the Expanded College Lake Project, the total 
yield of the capital projects associated with this alternative was estimated to be approximately 14,400 
AFY.  This represents a total sustainable yield for all supplies of 56,000 AFY.  The water balance 
objective for this alternative is summarized in Table 5-6. 
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Figure 5-3: Map of Local-Only Alternative 
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Table 5-6: LOA Water Balance Objective 

Water Demand Objective AFY 
Current Agricultural 59,300 
Current Urban 12,200 
Total Demand 71,500 
Corralitos Creek Filter Plant 1,100 
Other Surface Water Diversions 1,000 
Remaining Demanda 69,000 (rounded) 
Future Agricultural and Urban Water Conservation (WC 2000) (5,000) 
Additional Water Conservation (5,000) 
Land Leases – Average Water Demand Mitigated (3,000) 
Total Demand Objective 56,000 
  
Water Supply Objective  
Existing Basin Sustainable Yield 24,000 
Increase in Sustainable Yield due to Coastal Pumping Management, demand 
management, and land fallowing 

18,000 

Expanded College Lake with Pinto Lake, Corralitos Creek, Harkins Slough, 
and Watsonville Slough Diversions, and ASR 

6,700 

Recycled Water Project with Harkins Slough and North Dunes Recharge Basin 7,700 
Total Supply Objectivea 56,000 (rounded) 
Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
 
Operational Strategy: 
 
A flow schematic for the LOA is shown in Figure 5-4. 
 
Operationally, the Local-Only Alternative would maximize recycled water use, and at times will deliver 
up to 100% recycled water, which would result in TDS concentrations of up to 900 mg/L.  This scenario 
is most likely during the beginning and end of the irrigation season.  During these periods, water demands 
are nearly equal to the recycled water flow that is not directed to storage, and recycled water will 
comprise the entire water supply in many areas.  The recycled water facility produces a daily average 
supply of 7 million gallons per day (RMC, May 2001).  On an annual basis, local farmers would directly 
use approximately 3,000 AF of this water.   
 
During low demand periods, nearly the entire recycled water treatment plant flow would be diverted to 
the North Dunes and Harkins Slough recharge basins.  The Recycled Water Project with Harkins Slough 
and North Dunes recharge basins are described in Section 4.5.  
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The Local-Only Alternative would reroute water from the Harkins Slough and Watsonville Slough pump 
stations to College Lake, where it would be combined with water from College Lake, Corralitos Creek, 
and the Pinto Lake Diversion for ASR.  Storage of water from the Harkins and Watsonville Slough 
Projects will require a conveyance pipeline from the sloughs to College Lake.  The pipeline would serve a 
dual purpose of conveying water from the sloughs to College Lake for treatment and injection, then later 
delivery of water from the ASR wells to the CDS during the irrigation season.  At College Lake, the water 
would be treated and then injected into the groundwater basin through wells located along a parallel 
conveyance pipeline.  The Expanded College Lake Project could also provide storage for direct use.  
During the irrigation season, water would be pumped from the ASR wells and blended with recycled 
water extracted from the recharge basins plus recycled water directly produced at the WWTF in the plant 
clearwell.  A central pump station would deliver the blended water to the CDS.   
 
The entire CDS would be constructed for the Local-Only Alternative although on average only 14,400 
AFY of supply would be available.  Constructing the entire CDS would allow for increased agriculture 
during above normal rainfall years when additional water would be available from local supplies, and 
would allow the land fallowing to be moved throughout the CDS area. 
 
During above normal and wet weather years, additional available surface water supplies would be stored 
in College Lake and injected into the groundwater basin.  ASR would normally provide only seasonal 
storage, but during wet years there could be some carryover of injected water to the following year. 
 
During severe dry years, little or no surface water supplies would likely be available.  Therefore, the 
PVWMA would pump banked water from the ASR wells.  Without surface water supplies, groundwater 
and recycled water would be the sole source of available supplies.  Therefore, salinity and SAR levels are 
likely to be extremely high during dry periods.     
 
Cost: 
 
Table 5-7 summarizes the overall cost estimate for the Local-Only Alternative.  This alternative has an 
estimated capital cost of $127.5 million, with an annual O & M cost of $6.6 million.  The annual O & M 
cost includes $3.3 million for land fallowing leases based on unit cost of $1,500 per acre.  Land leases 
were assumed to be the mechanism of land fallowing. 
 
The estimated cost of additional conservation has a present worth of $1.7 million and was determined 
based on the unit cost of conservation efforts outlined in WC 2000.  Although additional conservation 
may have a higher unit cost than that of the WC 2000, without additional data, a unit cost equal to that of 
the WC 2000 was used.  The cost of this additional conservation is shown in Table 5-7.   



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 5-16 

 

Table 5-7: Local-Only Alternative Cost Estimate 

Project Element Cost 
($ Millions) 

Coastal Distribution System  $34.4 
Conservation (7-year) $1.7 
Additional Conservation $1.7 
Expanded College Lake Project with Pinto lake, Corralitos Creek, Harkins Slough and 
Watsonville Slough Diversion, and ASR 

$73.9 

Recycled Water Project with Harkins Slough North Dunes Recharge Basin $34.4 
Construction Cost Subtotal $146.1 
Financial & Bond Sale Cost @ 1.0% $1.5 
Recycled Water Grant (Title XVI) $(20.0) 
Total Capital Cost $127.5 
Annualized Capital Cost at 6% for 30 years $9.3 
Annual Operation & Maintenance Costs $3.3 
Annual Land Leasesa $3.3 
Total Annualized Cost $15.9 
 Income from PVWMA Delivery Charges on Customers Receiving Delivered Water @ $92 
per AF 

$1.3 

Adjusted Total Annual Cost $14.6 
Combined Sustainable Yield (AFY) 56000 
Cost per AF ($/AF)b $259 
PVWMA Delivery Charge for Customers Receiving Delivered Water ($/AF) $92 
Cost per AF plus PVWMA Delivery Charge for Customers Receiving Delivered 
Water ($/AF) $351 

Footnotes: 
a. Land fallowing is assumed to be achieved through land leases with an annual cost of $1,500/acre.  
b. Cost to growers pumping from the groundwater basin. 
 
Notes: 
1. Spring 2001 construction costs. 
2. Capital recovery factor (A/P) for 6% at 30 years is 0.07265. 
3. Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits Contingency of 17.5%, and 

Environmental and Permitting Contingency of 5%.   
4. Cost for Recycled Water Project based on cost for conventional filtration and chlorination treatment processes.  It does not 

include the expected cost of reverse osmosis treatment prior to percolation, cost for the potable water supply required for 
blending prior to percolation, or cost to improve water quality to meet the RWQCB basin plan objective. 

5. Cost per AF shown assumes (total annual costs minus total annual avoided cost of pumping) divided by combined 
sustainable yield. 

 
Future Conditions (2040 Demand): 
 
The LOA has limited capability to further increase basin water supplies without construction of either a 
desalination or import water project.  In order to meet anticipated future increases in agricultural and 
urban water use, an estimated additional 9,000 AFY (5,100 AFY Agricultural and 3,900 AFY Urban) of 
supplies must be identified and delivered or additional levels of demand management must be 
implemented to off-set supply increases that are short of the additional 9,000 AFY of demand.  Additional 
demand management or local supplies could be implemented but are limited.  Local supply projects may 
include the Murphy Crossing Project, Bolsa de San Cayetano Project, or a seawater desalination plant.  
Demand management options include purchasing additional agriculture land leases to reduce demand.  
However, these options would be costly and are not currently viewed as feasible or realistic.   
 
There are no other obvious projects or management strategies to supply increases in urban water demand 
through construction of the LOA without developing a desalination plant or a water supply project 
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involving importation of water from outside the Pajaro Basin.  All opportunities for local supply 
development involve costs greatly exceeding those available from a CVP supply. 
  
Key Points and Implementation Issues 
 
Presented below is a summary of the key points and implementation issues regarding this alternative: 
 
• Implementation of the Local-Only Alternative will face a number of significant regulatory and 

socioeconomic challenges.  The proposed Watsonville Slough, Pinto Lake, Corralitos Creek, and 
Expanded College Lake Projects will require extensive regulatory permitting efforts.  No water rights 
have been secured for any of these projects.  In addition, fishery issues and concerns may result in 
mitigation measures that reduce the potential yield and increase the overall cost. 
 

• The proposed recycled water percolation project and ASR project face additional implementation 
issues due to a potential degradation of existing groundwater quality and future beneficial uses of the 
groundwater basin.  As previously discussed, water quality from College Lake is a concern and 
additional treatment may be required to remove nitrates and other chemical constituents before it can 
be injected into the groundwater aquifers.  In addition, it is uncertain if the RWQCB and other 
regulatory agencies would permit the percolation of tertiary treated recycled water without advanced 
treatment beyond Title 22 levels.  The draft groundwater recharge regulations generally state that 
reverse osmosis or equivalent treatment is required for percolation or injection of recycled water 
(DHS, 2001).  As the Local-Only Alternative is currently configured, the recycled water to be 
produced at the WWTF does not meet this standard.  Tertiary treatment with microfiltration would 
likely be required prior to reverse osmosis.  The cost of additional treatment facilities to meet 
potential regulatory compliance concerns is not included in the LOA as it is presently configured.   
 

• If required by DHS, reverse osmosis treatment for ASR of College Lake water would increase the 
estimated capital cost of the LOA by at least $12.6 million and annual O & M costs by $0.6 million 
(Feeney, July 2001).  The capital cost assumes a 20% construction contingency, 17.5% for 
engineering/legal/administration/permitting, and 5% for environmental and permitting.  The annual O 
& M cost was calculated assuming 5% of construction cost of the facilities and assuming pumping of 
5,400 AFY at 100 ft head and 80% efficiency. (If microfiltration were needed as a pretreatment step 
for the reverse osmosis treatment, this cost would increase.) 
 

• DHS requirements for reverse osmosis treatment of recycled effluent that is percolated into the 
groundwater would add an estimated $4.2 million to the capital costs of the alternative and $0.2 
million in annual O&M cost.  The capital cost assumes a 20% construction contingency, 17.5% for 
engineering/legal/administration/permitting, and 5% for environmental and permitting.  The annual O 
& M cost was calculated assuming 5% of construction cost of the facilities and assuming pumping of 
3,700 AFY at 100 ft head and 80% efficiency.  (If microfiltration were needed as a pretreatment step 
for the reverse osmosis treatment, this cost would increase.) 
 

• The Local-Only Alternative may face opposition as a result of both water quality concerns and the 
amount of land fallowing required to balance the basin.  The land fallowing alternative would have a 
significant economic effect on the region in lost jobs, income, etc., though the magnitude of this 
impact has not been identified in this document.  It is also unknown if the PVWMA would have the 
ability to acquire land leases.  Historically, any fallowing of farmland has encountered strong 
opposition.   
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• Water quality will also be a major issue, as farmers can expect to receive water TDS concentrations 

as high as 900 mg/l during portions of the year.  This is a higher TDS concentration than would be 
delivered by any of the other alternatives and is above the goal of 500 mg/l.  Desalination treatment 
could be added to reduce salinity, however, this would result in significant increases in capital and 
O&M cost.  
 

• Harkins Slough supplemental wells and connections would be a temporary base load supply of water 
to the distribution system until sufficient supplemental supplies can be developed.  Once these 
supplies are developed, these wells can serve as additional supplemental wells for the entire 
distribution system. 
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5.3 Modified Local Alternative 

This alternative builds upon the components of the Local-Only Alternative, but maximizes the more 
feasible local projects and supplements them with a minimum quantity of imported water.  The concept 
behind this alternative was developed based on input from local stakeholders.  
 
The Modified Local alternative eliminates land fallowing, replaces the Expanded College Lake Project 
with supplemental supplies with the smaller College Lake Project, and reduces the quantity of percolated 
recycled water.  In addition, the high levels of conservation were reduced to coincide with conservation 
estimates in the WC 2000.  This alternative uses the following demand management options and water 
supply projects: 
 
• Coastal Distribution System; 
• Conservation: 7-year Plan (5,000 AFY); 
• Harkins Slough Project with Harkins Slough Recharge Basin and Supplemental Wells (1,100 AFY); 
• Watsonville Slough Project with North Dunes Recharge Basin (1,200 AFY); 
• Recycled Water Project with direct use and storage in the Southeast Recharge Basin (6,000 AFY); 
• 42-inch Import Water Project with ASR (Injection and Extraction Wells) (6,900 AFY); and 
• College Lake with Pinto Lake Diversion (1,800 AFY). 
 

Additional details on each project, including water quality and yield are discussed in Section 4.  A figure 
showing the location of physical facilities is included as Figure 5-5.  The objective of this alternative was 
to eliminate seawater intrusion and balance the current agricultural and urban demand of the basin. 
 
Conservation measures identified as a part of the Modified Local Alternative are the same as other 
alternatives being considered (except for the LOA), and result in water conservation of 5,000 AFY.  This 
level of conservation reduces current groundwater demand to 64,000 AFY, assuming no future increases.  
The water quality objective of the Modified Local Alternative is intended to be consistent with the water 
quality objectives identified in Section 2.  However, the quantity of recycled water to be used in this 
alternative will make it difficult to meet the desired salinity and SAR water quality criteria. 
 
As previously discussed in Section 2.8.2, the basin sustainable yield assuming coastal pumping reductions 
and an extremely dependable supplemental supply is 48,000 AFY.  However, as discussed earlier in 
Section 5, when supplemental supplies are hydrologically dependent the basin sustainable yield decreases 
as groundwater pumping during drought or below normal years is increased to meet demand.   
 
Due to the hydrologic dependency of local and imported surface water supplies, the sustainable yield of 
the groundwater basin following implementation of the Modified Local Alternative is estimated to be 
approximately 47,000 AFY.  With construction of the Southeast Dunes Recharge Basin for storing 
recycled water, the Watsonville Slough with North Dunes Recharge Basin, College Lake with Pinto Lake 
Diversion, and Harkins Slough, the estimated average annual CVP water required to balance the basin is 
6,900 AFY.  Assuming an average CVP annual delivery of 60%of contract entitlement, the PVWMA will 
need to secure water contracts for approximately 11,500 AFY to meet this demand.  Total supplemental 
yields from the capital projects associated with this alternative were estimated to be approximately 17,000 
AFY, representing a total sustainable yield for all supplies of 64,000 AFY.  
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Figure 5-5: Map of Modified Local Alternative 
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Although 17,000 AFY is the total quantity of supplemental supply required to balance the basin, 
approximately 18,500 AFY of water must be delivered to the CDS in order to develop a hydrostatic 
barrier resulting in sustainable groundwater pumping of 47,000 AFY.  Therefore, on average at least 
1,500 AFY would be pumped from supplemental wells east of Highway 1 and delivered to the CDS. 
 
The water balance objective of the alternative is shown in Table 5-8. 
 
Operational Strategy: 
 
A flow schematic for the Modified Local Alternative is shown in Figure 5-6.   
 
CVP water and recycled water will be the major sources of water supply for the Modified Local 
Alternative.  CVP supplies would be utilized by the CDS both directly and via ASR.   
 
During normal and above-normal rainfall years, recycled water would be conveyed to a blending facility 
located near the intersection of Highway 1 and the Pajaro River for blending with the combined 
CVP/College Lake/Pinto Lake water prior to distribution.  Water extracted from the Harkins Slough 
Recharge Basin would be blended within the San Andreas portion of the CDS.  CDS deliveries assist in 
the creation of the coastal hydrostatic barrier.  Available CVP water above and beyond the total water 
demand would be filtered and injected into the groundwater aquifers.  The ASR wells would be located 
along the Import Pipeline alignment, although exact locations of the wells and well treatment facilities 
have not been determined. 
 

Table 5-8: Modified Local Alternative Water Balance Objective 

Water Demand Objective AFY 
Current Agricultural 59,300 
Current Urban 12,200 
Total Demand 71,500 
Corralitos Creek Filter Plant 1,100 
Other Surface Water Diversions 1,000 
Remaining Demanda  69,000 (rounded) 
Future Agricultural and Urban Water Conservation (5,000) 
Total Demand Objective 64,000 
  
Water Supply Objective  
Existing Basin Sustainable Yield 24,000 
Increase in Sustainable Yield (Estimated) due to Coastal Pumping 
Management 

23,000 

Harkins Slough 1,100 
Watsonville Slough with North Dunes Recharge Basin 1,200 
College Lake with Pinto Lake Diversion 1,800 
Recycled Water with Southeast Dunes Recharge Basin 6,000 
Import Water Project 6,900 
Total Supply Objective 64,000 
Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
 
In below-normal rainfall years, CVP allotments plus local water supplies will not meet CDS water 
demands.  Therefore, CVP water previously stored in the groundwater basin would be pumped from the 
ASR wells and delivered to the CDS through the Import Pipeline.  During severe dry-weather years, as 
little as 10% of CVP contract entitlement might be available.  This supply would be distributed during the 
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high-demand months to meet peak agricultural demands and minimize the required number of extraction 
wells.  It is assumed that no water from hydrologically dependent local supplies would be available.  
However, water from the Recycled Water Project would be available.  Based on assumptions of coastal 
demand and assuming ASR wells would provide supply to meet half of the peak hour demand, it is 
estimated that approximately 17 injection/extraction wells would be needed1.   
 
This alternative is currently assumed to deliver water to the CDS only.  It does not include provisions to 
serve areas within the inland area.  Areas impacted by the injection/extraction wells or the CVP pipeline 
would not be permitted to connect to the pipeline until such time as additional supplies could be acquired.  
 
Recycled water provides a highly reliable supply for the Pajaro Valley.  Operationally, the project would 
supply 4,000 AF for direct use and percolate approximately 2,000 AFY into the shallow groundwater 
aquifer via the three Dunes recharge basins.  The reason for the intermixing of water is that water would 
be conveyed from the Harkins Slough, Watsonville Slough and WWTF to the three recharge basins 
through a common pipeline.  This would reduce the percentage of recycled water percolated in any one 
basin, which brings the proposed project closer to compliance with draft DHS groundwater recharge 
regulations that require recycled water to be no more than 50 percent of the water injected or percolated 
into the groundwater basin.  Extraction wells located along the perimeter of the recharge basins would 
extract water during the irrigation season and would provide a peaking supply to augment CVP supplies.  
Groundwater storage for these supplemental supplies would be seasonal with percolation occurring in the 
winter months and extraction occurring during the irrigation season. 
 
The College Lake Project would capture runoff from the College Lake Drainage area plus diverted water 
from the Pinto Lake diversion. Operationally, water from College Lake would be the first supply utilized 
during the irrigation season allowing for agricultural production once the lake is drained.  College Lake 
water would be treated then delivered to the CDS by a pipeline that connects College Lake to the Import 
Water Pipeline.  Water collected by the College Lake Project would be directly used, following filtration 
at the College Lake treatment facility.   
  
Cost: 
 
The Modified Local Alternative relies mainly on supply from the Import Project and the recycled water 
facility.  A significant portion of the cost is associated with construction of the import pipeline and 
associated facilities and purchase of CVP contracts.  The cost of the 6,900 AFY average annual CVP 
water contract is estimated to be $9.0 million.  This cost is included in the cost of the 42-inch Import 
Project with ASR.  In addition, the cost for the 42-inch Import Water Project with ASR includes treatment 
facilities that are expected to be required prior to injection of CVP supplies. 
 
Table 5-9 summarizes the estimated cost of the Modified Local Alternative.  Assuming the PVWMA 
acquires a $20.0 million Title XVI recycled water grant, this alternative has an estimated capital cost of 
$147.6 million, with an annual O & M cost of $4.7 million.  
 

                                                      
1 Assumed 2 of the 17 wells were standby, for added reliability.  It was also assumed that areas would not be impacted by 
drawdown associated with the pumping due to build up of groundwater levels, therefore allowing existing wells to continue 
operation. 
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Future conditions (2040 Demand): 
 
In order to meet anticipated future increases in agricultural and urban water uses, an additional 9,000 
AFY (3,900 AFY of urban demand, plus 5,100 AFY of agricultural demand) of supplies must be 
identified and delivered.  The cost-effective local supply options may include Murphy Crossing and 
expanded recycled water use, though water quality from these two sources would degrade the quality of 
delivered water.  It is expected that the most cost-effective alternative would be via additional supplies of 
CVP water.  This would require purchase of additional CVP contracts, and expansion or maximization of 
the existing CDS or construction of a portion of the IDS.  It would also increase the number of ASR wells 
required for banking of CVP water. 
 
This increase in CVP deliveries would probably require additional pumping, or construction of a pipeline 
larger than the proposed 42-inch pipeline, based on modeling conducted at 75 cfs.  Construction of a 42-
inch pipeline potentially limits CVP deliveries.  Costs for pumping and pump stations have not been 
determined, though previous modeling by CH2M Hill indicates that a large diameter pipeline without 
pumping may be more cost effective than smaller diameter pipelines that required pumping. 

Table 5-9: Modified Local Alternative Cost Estimate 

Project Element Cost 
($ Million) 

Coastal Distribution System  $34.4 
Conservation (7-year)  $1.7  
Harkins Slough Project with Harkins Slough Recharge Basin   $6.6 
Watsonville Slough with North Dunes Recharge Basin  $6.6  
Recycled Water Project with Southeast Dunes Recharge Basin  $28.6  
42-inch Import Water Project with ASR  $73.9  
College Lake with Pinto Lake Diversion $14.1 
Construction Cost Subtotal $165.9 
Financial & Bond Sale Cost @ 1.0% $1.7 
Recycled Water Grant (Title XVI) (20.0) 
Total Capital Cost $147.6 
Annualized Capital Cost at 6% for 30 years $10.7 
Annual Operation & Maintenance Costs $4.7 
Total Annual Cost $15.4 
Income from PVWMA Delivery Charges on Customers Receiving Delivered Water @ $92 
per AF 

$1.7 

Adjusted Total Annual Cost $13.7 
Combined Sustainable Yield (AFY) 64,000 
Cost per AF ($/AF) $215 
 PVWMA Delivery Charge for Customers Receiving Delivered Water ($/AF) $92 
Cost per AF plus PVWMA Delivery Charge for Customers Receiving Delivered 
Water ($/AF) 

$307 

Footnotes: 
a. Cost to growers pumping from the groundwater basin. 
 
Notes: 
1) Spring 2001 construction cost. 
2) Capital recovery factor (A/P) for 6% at 30 years is 0.07265. 
3) Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits Contingency of 17.5%, and 

Environmental and Permitting Contingency of 5%.   
4) Cost for Recycled Water Project based on cost for conventional filtration and chlorination treatment processes.  Cost does 

not include cost for reverse osmosis treatment prior to percolation, or cost required to ensure compliance of blended water 
with basin plan objectives. 

5) Cost per AF shown assumes (total annual costs minus total annual avoided cost of pumping) divided by combined 
sustainable yield.  
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Although expanded conveyance, distribution and supply facilities are required to meet the future demand 
conditions, these facilities have not been quantified in detail.  For estimation purposes, it was assumed 
that the unit cost of these additional facilities would be similar to the unit costs of facilities evaluated in 
this document.  The cost for increased distribution service area was based on the CDS cost estimate, 
assuming a similar $/AFY number.  The number of additional injection/extraction wells was assumed 
based on the percentage increase in CVP contract entitlement.  Preliminary cost estimates for these 
facilities are summarized in Table 5-10. 
 

Table 5-10: Additional Facilities Required to Meet 2040 Agricultural and Urban 
Demand 

Item Quantity Loaded Unit Cost Cost 
CVP Contract 9,000 AFY $1,300/AFY $11.7 
Increased Distributiona 9,000 AFY $1,860/AFY $16.7 
Increased 
Injection/Extractionb,c 

8 wells $700,000/well $5.6 

Total Capital Cost $34.0 
Footnotes: 
a. Unit cost estimate based on construction of a $34.4 million CDS serving 18,500 AFY. 
b. The number of additional wells was based on a linear estimate assuming 15 wells to supply approximately half of the peak 

hour demand for an 18,500 AFY CDS.  No additional wells are provided for reliability.  Load unit cost for the wells 
includes filtration treatment, pipelines, wells, and land purchase of 1 acre.  Estimates also include 20% contingency, 17.5% 
engr/legal/admin/permitting, and 5% environmental and permitting contingency.  

c. Includes one monitoring well per injection/extraction well and wellhead treatment at each injection/extraction well. 
 
Key Points and Implementation Issues  
 
Presented below is a summary of the key points and implementation issues regarding this alternative: 
 
• A 42-inch Import Pipeline with maximum flow rate of 40 cfs could allow delivery of future increased 

water supplies.  However the amount of needed underground storage would be significant because the 
limiting flow rate would be insufficient to meet demands during the irrigation season.  Therefore, it 
may be advisable to increase the size of the pipeline to allow for additional conveyance capacity 
during the irrigation season.  An alternate solution would include construction of a pump station, but 
as previously stated this would probably be a higher cost alternative on a life cycle basis. 
 

• Currently, no water will be delivered to inland areas in the currently defined alternative.  However, 
the Import Pipeline alignment with a larger pipeline would make it very practical for inland growers 
to receive CVP water.   
 

• Rights to water from the College Lake have yet to be obtained, and were challenged by DFG and 
NMFS.  It is unknown how the resolution of this issue will impact implementation of this alternative. 
 

• Water rights applications for Watsonville Slough and Pinto Lake have yet to be filed with the 
SWRCB.   Securing water rights for the diversions is a significant effort due to expected challenges 
from environmental agencies.  
 

• Direct use of filtered College Lake water may still lead to Phytophthora problems for local strawberry 
farmers.  If this water cannot be directly used, yield will be reduced and alternate water supplies or 
treatment must be identified. 
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5.4 Modified BMP 2000 Alternative  

This alternative presents a potential modification of the BMP 2000 alternative based on input from local 
stakeholders.  This alternative reduces the diameter of the CVP pipeline by one nominal size through in-
basin storage via injection/extraction (ASR).  Other non-CVP projects were also modified from the 
original BMP 2000 alternative to maximize their cost-effectiveness.  In addition, the Murphy Crossing 
and IDS projects were eliminated and 64,000 AFY of water is provided after conservation with no 
allowance for future needs. 
 
The goal of this alternative is to meet the identified objectives for water quality, address regulatory issues, 
and develop reliable supplemental supplies at the lowest overall unit cost.  The most feasible projects and 
policies were selected, and an alternative identifying the operational strategy for utilizing water from the 
various projects was created.  In addition to the identified capital projects, conservation was selected for 
demand management.  Land fallowing was not selected as a preferred policy, due to the expected 
economic impacts to the local economy.  This Modified BMP 2000 alternative consists of the following 
demand management policies and water supply projects: 
 

• Coastal Distribution System; 
• Conservation: 7-year Plan (5,000 AFY); 
• Harkins Slough Project with Harkins Slough Recharge Basin and Supplemental Wells and 

Connection (1,100 AFY); 
• Recycled Water Project (4,000 AFY) and 
• 54-inch Import Water Project with ASR (11,900 AFY). 

 
Additional details on each project, including water quality and yield are discussed in Section 4.  A figure 
showing the location of physical facilities is included as Figure 5-7.  The objective of this alternative is to 
eliminate seawater intrusion based on a current water use of 71,500 AFY.  With existing supplies from 
the Corralitos Creek Filter Plant and other surface water diversions, the total groundwater demand is 
69,000 AFY.  
 
Conservation measures for the WC 2000 were identified as a part of the Modified BMP 2000 Alternative.  
The expected water conservation of 5,000 AFY would reduce groundwater demand to 64,000 AFY 
assuming no future increases.   
 
As previously discussed in Section 2.8.2, the basin sustainable yield assuming coastal pumping reductions 
and an extremely dependable supplemental supply is 48,000 AFY.  However, when supplemental 
supplies are hydrologically dependent, the basin sustainable yield deceases as groundwater pumping 
during drought or below normal years is increased to meet demand.   
 
Due to the hydrologic dependency of local surface and imported CVP water supplies, the sustainable 
yield of the groundwater basin following implementation of the Modified BMP 2000 alternative is 
estimated to be approximately 47,000 AFY.  With construction of the Recycled Water Project plus the 
existing Harkins Slough local supplies, the estimated average annual CVP water required to balance the 
basin is 11,900 AFY.  Assuming an average CVP annual delivery of 60% of contract entitlement, the 
PVWMA will need to secure CVP water contracts of approximately 19,800 AFY to meet this need.  Total 
supplemental yield of the capital projects associated with this alternative were estimated to be 
approximately 17,000 AFY, representing a total average sustainable yield for all supplies of 64,000 AFY. 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  

Page 5-27 

 

Figure 5-7: Map of Modified BMP 2000 Alternative 
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Although 17,000 AFY is the total quantity of supplemental supply required to balance the basin, 
approximately 18,500 AFY of water must be delivered to the CDS in order to develop a hydrostatic 
barrier resulting in sustainable groundwater pumping of 47,000 AFY.  Therefore, on average at least 
1,500 AFY would be pumped from supplemental wells east of Highway 1 and delivered to the coast 
distribution system.  
 
The water balance objective of the alternative is shown in Table 5-11. 
 

Table 5-11: Modified BMP 2000 Alternative Water Balance Objective 

Water Demand Objective AFY 
Current Agricultural 59,300 
Current Urban 12,200 
Total Demand 71,500 
Corralitos Creek Filter Plant (1,100) 
Other Surface Water Diversions (1,000) 
Remaining Demanda  69,000 (rounded) 
Future Agricultural and Urban Water Conservation (5,000) 
Total Demand Objective 64,000 
  
Water Supply Objective  
Existing Basin Sustainable Yield 24,000 
Increase in Sustainable Yield (Estimated) due to Coastal Pumping 
Management 

23,000 

Harkins Slough 1,100 
Recycled Water Project 4,000 
Import Water Project with ASR 11,900 
Total Supply Objective 64,000 
Footnotes: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy. 
 
Operational Strategy 
 
Figure 5-8 shows a flow schematic for the Modified BMP 2000 alternative. 
 
CVP water would be the major source of water supply, and would be conveyed from the Santa Clara 
Conduit to the CDS for direct use after blending with recycled water at a blending facility, located near 
the intersection of Highway 1 and the Pajaro River, prior to distribution.  Similar to the Modified Local 
alternative, CVP supplies would be utilized by the CDS both directly and via ASR wells.  Water extracted 
from the Harkins Slough recharge basin would be blended within the San Andreas portion of the CDS.   
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In average years, CVP deliveries plus water from the Harkins Slough extraction wells and Recycled 
Water Project would provide the water required to meet peak CDS demands.  The ASR wells would be 
available to balance peak demands. 
 
During above-normal rainfall years, CVP allotments plus supplies extracted from the Harkins Slough 
recharge basin and the Recycled Water produced at the WWTF are expected to meet or exceed CDS 
demands.  Therefore, CVP water above current demands would be stored in the groundwater basin by 
injection utilizing wells located along the import pipeline alignment.  The exact locations of the ASR 
wells have yet to be identified.  Due to the lack of storage for recycled water and limited long-term 
storage for Harkins Slough supplies, these supplies would be utilized prior to utilizing the banked CVP 
water. 
 
In below-normal rainfall years, stored CVP water would be pumped from the ASR wells would be 
utilized to augment surface water supplies and meet CDS demand.  During the most severe dry-weather 
years, when as little as 10% contract entitlement might be available, all recycled water would still be 
available, and none would be available from Harkins Slough.  Operationally, the 10% CVP entitlement 
would be distributed over the high demand months to reduce peak demand, therefore reducing the number 
of extraction wells required to meet the CDS demand.  Based on assumptions of peak coastal demand and 
assuming wells would provide half of the peak supply, it is estimated that approximately 17 wells with a 
2,000 gpm extraction rate would need to be constructed. This includes two standby wells for reliability. 
 
The annual yield of recycled water for this alternative is limited to about 4,000 AFY by the recycled 
water facility daily flow rates and the irrigation demand for recycled water.  Due to the absence of 
seasonal storage, flow not directly used by the farmers would be discharged to the WWTF outfall.  Water 
quality is also a limiting parameter, given the desired TDS objective of 500 mg/L.  Recycled water 
produced at the WWTF would be blended with recovered water from ASR wells and CVP water to create 
a uniform water supply for the CDS that meets or exceeds the water quality objectives.  Some minor 
storage of recycled water is provided to maximize recycled water during peak hour demands. 
 
CVP supply may not always be able to meet peak demands due to pipeline flow limitations.  However, 
pumping from the ASR wells can make up any shortfall. 
 
Cost: 
 
The Modified BMP 2000 alternative relies mainly on supply of imported and recycled waters.  A 
significant portion of the cost is associated with construction of the import pipeline and associated 
facilities and purchase of CVP supplies.  The cost of the 11,900 AFY average annual CVP water supplies 
is estimated to be $15.5 million.  This cost is included in the cost of the 54-inch Import Project with ASR.  
In addition, the cost for the 54-inch Import Water Project with ASR includes treatment facilities that are 
expected to be required prior to injection of CVP supplies. 
 
This alternative has an estimated total capital cost of $138.3 million assuming a $20.0 million Title XVI 
grant for the Recycled Water Project.  The alternative would incur an annual O & M cost of $4.3 million.  
Table 5-12 summarizes the estimated cost components of the Modified BMP 2000 Alternative.   
 
Future conditions (2040 Demand): 
 
In order to meet anticipated future increases in agricultural and urban water use, an additional 9,000 AFY 
(3,900 AFY of urban demand, plus 5,100 AFY of agricultural demand) of water must be delivered.  The 
cost-effective local supply options include College Lake, Watsonville Slough, Murphy Crossing, and 
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expanded recycled water use.  However, it is expected that the most cost-effective alternative would be 
additional imported CVP water.   
 

Table 5-12: Modified BMP 2000 Cost Estimate 

Project Element Cost Estimate 
($ Millions) 

Coastal Distribution System   $34.4  
Conservation (7-year)  $1.7  
Harkins Slough Project with Harkins Slough Recharge Basin and Supplemental Wells and 
Connection 

 $6.6  

Recycled Water Project (4,000 AFY)  $19.2  
54-inch Import Water Project with ASR  $94.9 
Construction Cost Subtotal $156.7 
Financial & Bond Sale Cost @ 1.0% $1.6 
Recycled Water Grant (Title XVI) ($20.0) 
Total Capital Cost $138.3 
Annualized Capital Cost at 6% for 30 years $10.0 
Annual Operation & Maintenance Costs $4.3 
Total Annual Cost $14.3 
 Income from PVWMA Delivery Charges on Customers Receiving Delivered Water @ $92 
per AF 

$1.7 

Adjusted Total Annual Cost $12.6 
Combined Sustainable Yield (AFY) 64,000 
Cost per AF ($/AF)a $198 
 PVWMA Delivery Charge for Customers Receiving Delivered Water ($/AF) $92 
Cost per AF plus PVWMA Delivery Charge for Customers Receiving Delivered 
Water ($/AF) 

$290 

Footnotes: 
a. Cost to growers pumping from the groundwater basin. 
 
Notes: 
1. Spring 2001 construction cost. 
2. Capital recovery factor (A/P) for 6% at 30 years is 0.07265. 
3. Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits Contingency of 17.5%, and 

Environmental and Permitting Contingency of 5%.   
4. Cost per AF shown assumes (total annual costs minus total annual avoided cost of pumping) divided by combined 

sustainable yield. 
 
This would require purchase of additional CVP supplies, and expansion or maximization of the existing 
coastal system or development of an inland distribution system.  It would also increase the number of 
ASR wells required for banking of CVP water.  It is not expected that this increase in CVP deliveries will 
require additional pumping, based on modeling conducted at 75 cfs (CH2M Hill, 1997). 
 
Although expanded conveyance, distribution and supply facilities are required to meet future demands, 
these facilities have not been quantified in detail.  For estimation purposes, it was assumed that the unit 
cost of these additional facilities would be similar to the unit costs for such facilities as discussed in 
previous alternatives, and will be separately analyzed if and when needed.  Preliminary cost estimates for 
these facilities are summarized in Table 5-13. 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  
 Page 5-32 

 

Table 5-13: Additional Facilities Required to Meet 2040 Agricultural and Urban 
Demand 

Item Quantity Loaded Unit Cost Cost Estimate 
($ Millions) 

CVP Contract 9,000 AFY $1,300/AFY $11.7 
Increased Distributiona 9,000 AFY $1,860/AFY $16.7 
Increased 
Injection/Extractionb,c 

8 wells $700,000/well $5.6 

Total Capital Cost $ 34.0 
Footnotes: 
a. Unit cost estimate based on construction of a $34.4 million CDS serving 18,500 AFY. 
b. The number of additional wells was based on a linear estimate assuming 15 wells to supply approximately half of the peak 

hour demand for an 18,500 AFY CDS.  No additional wells are provided for reliability.  Load unit cost for the wells 
includes filtration treatment, pipelines, wells, and land purchase of 1 acre.  Estimates also include 20% contingency, 17.5% 
engr/legal/admin/permitting, and 5% environmental and permitting contingency.  

c. Includes one monitoring well per injection/extraction well and well head treatment at each injection/extraction well. 
 
Key Points and Implementation Issues  
 
Presented below is a summary of the key points and implementation issues regarding this alternative: 
 
• Under the Modified BMP 2000 Alternative, no water will be delivered to inland areas in the currently 

defined alternative.  However, the Import Pipeline alignment would make it very practical for inland 
growers to receive CVP water, dependent upon securing an additional source of supply.     
    

• The 54-inch pipeline with a maximum flow rate of 75 cfs provides flexibility to meet future demands 
through procurement of additional CVP water supplies and construction of expanded distribution 
systems.   However, additional pumping may be required for portions of the CDS.  Construction of a 
60-inch pipeline might be substituted for the 54-inch pipeline at a lower life-cycle cost. 
 

• Harkins Slough supplemental wells and connections will provide peaking supply for the distribution 
system until additional supplemental supplies can be developed.  Once these supplies are developed, 
these wells would continue to provide peaking supply for the entire CDS. 
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5.5 Non-Economic Comparison of Alternative Strategies 

Each of the four alternative strategies discussed above meet the primary objective of eliminating seawater 
intrusion and balancing the basin.  To further differentiate between the alternatives, additional project 
criteria were added to reveal the relative merits of the various strategies. These include: 
 

• Can Meet Existing and Future Water Needs; 
• Limited Dependence on Out-of-Basin Water Supplies; 
• Minimizes Regulatory Hurdles;  
• Meets Water Quality Goals; and  
• Economic Impact. 

 
Each of the alternatives was ranked based on their ability to meet these criteria.  The ranking system was 
based on a plus (+) or minus (-) scale with plus/minus (+/-) representing a neutral ranking.  A plus score 
meant that the alternative met that criteria, while a minus score identified a failure to meet that criteria. 
 
A detailed analysis of the environmental impacts and associated mitigation measures for each alternative 
is included in the Revised BMP Environmental Impact Report that is being prepared by PVWMA.  This 
EIR will be available for public review and comment in October 2001. 
 
A discussion of each criterion is provided below, followed by a summary of the criteria comparison. 

5.5.1 Can Meet Existing and Future Water Needs 

Water usage in the Pajaro Valley is expected to increase in future years, based on population growth and 
agricultural crop changes.  While future conditions were addressed in previous sections for all four 
alternatives to the year 2040, it is expected that growth will continue subsequent to that year. The greater 
the ability of the selected alternative to provide the infrastructure and water needed to meet these future 
demands, the higher the score for the alternative. 
 
The Local-Only Alternative would not be able to accommodate future growth without significantly 
greater capital investment in either an imported supply or in desalination, and so it receives the lowest 
score. The Modified Local Alternative has some room for expansion, but only through construction of a 
pump station or some other method of expansion of the capacity of the Import Pipeline. The other two 
options have larger import pipelines to accommodate the conveyance of more water without the 
construction of new facilities. 
 
Another aspect of meeting existing and future water needs is reliability of supply.  The Local-Only 
Alternative includes a Recycled Water Project that will provide over 50% of the supplemental water 
supplies.  This supply would be extremely reliable.  Surface water projects would provide the remaining 
supply for the Local-Only Alternative and would be highly dependent on hydrologic conditions. 
 
The BMP 2000, Modified Local, and Modified BMP 2000 alternatives include smaller Recycled Water 
Projects that provide a reliable supply to the PVMWA service area.  The three alternatives also include 
surface water projects that would likely produce limited yield during drought years and an import water 
project that would be subject to restrictions during drought years.  However, this limitation is offset to 
some degree by the fact that an import pipeline and connection to the CVP would allow the PVWMA to 
purchase CVP water on the open market during drought years.  Out-of-basin banking is another means of 
increasing the reliability of imported supplies.  The Local-Only Alternative is incapable of obtaining 
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water from outside the basin or providing an opportunity to partner with another water agency in an out-
of-basin arrangement. 

5.5.2 Limited Dependence on Out-of-Basin Water Supplies 

Water supplied from out-of-basin sources such as the CVP are not directly controlled by the PVWMA, 
and are largely dependent upon hydrologic and other factors outside its sphere of influence.  This reduces 
the ability of the PVWMA to control this supply.  A high score in this criterion represents higher 
dependence on in-basin supplies (limited dependence on out-of-basin supplies).   
 
The Local-Only Alternative relies exclusively on development of local water supplies, and the Modified 
Local Alternative relies heavily on development of local supplies.  The BMP 2000 Alternative and 
Modified BMP 2000 Alternative rely heavily on out of basin supplies to meet future water demand.   

5.5.3 Minimizes Regulatory Hurdles 

Each of the alternatives was developed with the aim of complying with expected local, state and federal 
regulations.  However, the degree of mitigation associated with compliance with these regulations, and 
the difficulty associated with obtaining permits or agreements, varies greatly.   
 
The Local-Only Alternative has the most significant implementation issues to address, including injection 
and extraction of surface water, percolation of recycled water, and securing water rights permits required 
for local surface water diversions.  The Local-Only Alternative encounters numerous policy and 
regulatory issues with land fallowing.  The BMP 2000, Modified BMP 2000, and Modified Local 
alternatives would all require NEPA evaluation for importing CVP water and connection to the CVP 
system.  The BMP 2000 Alternative would also require securing water rights for the Murphy Crossing 
Project. Implementation issues associated with the Modified Local Alternative include percolation of 
recycled water and securing water rights permits for College Lake, Pinto Lake, and Watsonville Slough. 
The Modified BMP Alternative has the least number of unique implementation issues and would 
therefore be the easiest to implement.  

5.5.4 Meets Water Quality Goals 

Each of the alternatives has a different average expected water quality, which is largely based on the 
percentage of flow originating from CVP and recycled water supply sources.  Alternatives maximizing 
recycled water use with minimal CVP or other dilution water are expected to have the lowest overall 
water quality, while alternatives with less recycled water use and greater CVP or other dilution water use 
will have the best water quality. 
 
Because the Local-Only Alternative maximizes the use of recycled water, the water quality is lowest of 
the four strategies.  The Modified Local Alternative relies slightly less on recycled water.  The BMP and 
Modified BMP 2000 alternatives both rely heavily on CVP water, which is generally of good quality.  

5.5.5 Economic Impact 

The economic impact of the alternative strategy is the impact on the local economy resulting from the 
strategy.  Alternative strategies that maximize the ability to farm agricultural lands scored the highest, 
while those strategies that require fallowing of significant amounts of farmland scored the lowest. 
Construction, operation and maintenance costs were also considered as a part of this criterion, and are 
discussed further in Section 5.6.  
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The Local-Only Alternative relies on land fallowing and additional conservation practices beyond the WC 
2000 recommendations. The land fallowing alternative would have a significant economic effect on the 
region in lost jobs, income, etc., though the magnitude of this impact has not been identified in this 
document.  These adverse impacts give it a low economic score. The other three alternatives allow 
agricultural lands to stay in production.  All projects have relatively similar total capital costs. 

5.5.6 Summary of Criteria Comparison 

Based on the aforementioned criteria and a (+), (+/-), (-) scale with (+) being the best score and (-) being 
the worst score, the four alternatives were scored for each criterion. The results are shown in Table 5-14. 

Table 5-14: Alternative Ranking Based on Identified Criteria 

Criteria BMP 2000 
Alternative 

Local-Only 
Alternative 

Modified 
Local 
Alternative 

Modified 
BMP 2000 
Alternative 

Can Meet Existing and Future Water Needs + - +/- + 
Limited Dependence on Out-of-Basin Water 
Supplies 

- + +/- - 

Minimizes Regulatory Hurdles +/- - +/- + 
Meets Water Quality Goals + - +/- + 
Economic Impact + - + + 
  
The Local-Only Alternative clearly ranks lowest when compared to the other three strategies due to the 
following findings: 
 

• It requires reduced agricultural irrigation equivalent to the fallowing of 2,200 acres basin-wide.  
The associated reduction in agricultural production would be costly to implement and would 
cause significant economic impacts to the local economy, particularly since this level of fallowing 
is in addition to 9,000 AFY of agricultural water conservation. 
 

• Regulatory approval for recharging the groundwater with tertiary treated recycled water is 
problematic.  The RWQCB and the DHS could require reverse osmosis treatment of recycled 
water prior to groundwater recharge, which would significantly increase the cost of the strategy 
beyond that shown herein. 
 

• The water quality of this alternative will not meet the requirements of the agricultural users with 
regard to TDS.  At times this alternative would deliver 100 percent recycled water to the users 
with TDS concentrations of 900 mg/L or higher. 

 
The BMP 2000 and Modified BMP 2000 alternatives rate similarly in most aspects.  However, the BMP 
2000 Alternative includes Murphy Crossing, which has a DFG Water Rights protest against it. The BMP 
2000 Alternative could be implemented without the Murphy Crossing Project if approval of water rights 
for Murphy Crossing becomes too great a hurdle.  The Modified BMP 2000 Alternative includes ASR, 
which appears to comply with known regulatory statutes.   
 
The three alternatives using imported water all have the flexibility to meet future water demands through 
importation of more water.  However, the Modified Local Alternative is limited in this aspect, and would 
require construction of a pump station or other method of increasing the capacity of the import pipeline.  
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Under future conditions, ASR could become a seasonal operation instead of a long-term banking option to 
meet water supply and demand while operating the design constraints for the import pipeline.  For the 
Modified BMP 2000 and BMP 2000 alternatives, the diameter of the import pipeline varies, this only 
impacts downstream pumping requirements, not overall water supplies as the maximum capacity for both 
pipelines is 75 cfs.  These three alternatives all have the potential flexibility to deliver flows meeting 
fluctuating future demands. 
 
 
5.6 Cost Comparison of Alternatives  

A summary of the components and cost estimates for each of the four alternatives is contained in Table 
5-15.  
 
The costs identified in Table 5-15 are the most recent cost estimates, and should be considered planning 
level estimates.  The costs can be expected to fluctuate based on numerous factors, including market 
conditions and implementation schedules.  Markups for construction contingency, engineering, legal, 
administration, permits, and environmental contingency correspond to those assumed in Section 4.   
 
Cost Ranking of Alternatives: 
 
As shown in this Table 5-15, the Local-Only Alternative has the lowest total capital cost, while the 
Modified BMP 2000 Alternative has the second lowest capital cost.  A key to the cost of all alternatives is 
the potential for a $20 million Title XVI grant to offset the cost of water recycling from the WWTF.   
 
Cost of Delivered Water (Cost per AF plus PVWMA Delivery Charge): 

Table 5-15 also shows the cost of delivered water (Cost plus PVWMA Delivery Charge) that would be 
required if this fee were to pay for all costs of any given alternative.  (The term ‘cost per AF’ is used to 
distinguish it from the Augmentation Charge presently levied by the PVWMA on extraction of 
groundwater, and used for the purpose of paying the cost of purchasing, capturing, storing and 
distributing supplemental water.)  The cost per AF is assumed to be recovered from total water sales 
(pumped groundwater and delivered water), and the cost of delivered water is assumed to be recovered 
only from those receiving delivered water.  In the case of pumped groundwater, the cost per AF is the 
same as the augmentation charge.  As shown, the cost per AF for all customers in the PVWMA service 
area would be the same assuming a flat rate structure.  However, customers receiving delivered water 
would be expected to pay an additional $92/AF, the average avoided cost of pumping realized by these 
customers (RMC, May 2001).  That is, by receiving delivered water these customers avoid the costs of 
developing, maintaining, and operating their wells.  In that sense, delivered water has a ‘benefit’ of 
$92/AF greater than groundwater that has to be pumped by an individual farmer.  
 
On this basis, the cost per AF range from $198 per acre-foot to $259 per acre-foot.  For those users 
receiving delivered water, the cost recovery plus delivery fee per AF would range from $290 to $351 per 
acre-foot.   
 
Cost Risks Associated with Local-Only and Modified Local-Only Alternatives: 
 
The Local-Only Alternative has significant cost risks not presented in Table 5-15.  The largest cost risk 
associated with the Local-Only Alternative is that regulatory authorities may require reverse osmosis 
treatment for surface water from College Lake prior to injection.  Based on College Lake water quality 
data, nitrate concentrations have periodically exceeded drinking water standards (Feeney, July 2001). 
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In addition, aluminum, arsenic, manganese, and iron have also periodically exceeded drinking water 
standards, although the elevated concentrations could be related to sampling or analytical program errors.  
If required, reverse osmosis treatment could increase the estimated capital cost of the Local-Only 
Alternative by $12.6 million and annual O & M cost by $0.6 million (Feeney, July 2001).   
 

Table 5-15: Summary of Alternative Cost Estimates 

Cost Estimate ($ Millions) 
Project Element 

BMP 2000 Local-Only 
Alternative 

Modified 
Local  

Modified 
BMP 2000  

Coastal Distribution System  $34.4 $34.4 $34.4 $34.4 
Conservation (7-year) $1.7 $1.7 $1.7 $1.7 
Conservation (additional)  $1.7   
Harkins Slough Project (Existing) with 
Supplemental Wells and Connections $6.6  $6.6 $6.6 

Murphy Crossing with Recharge Basins $6.6    
Watsonville Slough with North Dunes Recharge 
Basin   $6.6  

College Lake Project with Pinto Lake Diversion   $14.1  
Expanded College Lake, with Pinto Lake, 
Corralitos Creek, Watsonville and Harkins 
Sloughs, and ASR 

 $73.9   

42-inch Import Water Project with ASR   $73.9  
54-inch Import Water Project with ASR    $94.9 
60-inch Import Water Project with IDS and 
Supplemental Wells $117.4    

Recycled Water Project (4,000 AFY) $19.2   $19.2 
Recycled Water Project with Southeast Dunes 
Recharge Basin (6,000 AFY)   $28.6  

Recycled Water Project with North Dunes and 
Harkins Slough Recharge Basins (7,700 AFY) 

 $34.4   

Subtotal $185.8 $146.1 $165.9 $156.7 
Financial & Bond Sale Cost @ 1.0% $1.9 $1.5 $1.7 $1.6 
Recycled Water Grant (Title XVI) ($20.0) ($20.0) ($20.0) ($20.0) 
Total Capital Cost $167.6 $127.5 $147.6 $138.3 
Annualized Capital Cost  
at 6% for 30 years 

$12.2 $9.3 $10.7 $10.0 

Annual O & M Costs $4.4 $6.6 $4.7 $4.3 
Total Annual Cost $16.6 $15.9 $15.4 $14.3 
Income from PVWMA Delivery Charges Water @ 
$92 per AF $1.7 $1.3 $1.7 $1.7 

Adjusted Total Annual Cost $14.9 $14.6 $13.7 $12.6 
Combined Sustainable Yield (AFY) 64,000 56,000 64,000 64,000 
Total Water Delivered (AFY) 18,500 14,400 18,500 18,500 
Cost per AF ($/AF)a $233 $259 $215 $198 
PVWMA Delivery Charge Delivered Water ($/AF) $92 $92 $92 $92 
Cost per AF plus PVWMA Delivery Charge 
of   $92/AF ($/AF) $325 $351 $307 $290 

Footnote: 
a. Cost to growers pumping from the groundwater basin. 
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Another cost risk is that regulatory authorities may require reverse osmosis for percolation of recycled 
water.  As discussed previously, the CCRWQCB and DHS have required this level of treatment on most 
other projects that have recharged groundwater with recycled water.  Based on the estimate of the level of 
facilities that may have to be added to the College Lake facilities, this requirement could add an estimated 
$4.2 million to the capital costs of the alternative and $0.2 million in annual O&M costs.   
 
A third cost risk relates to the presence of Phytophthora in College Lake. The Expanded College Lake 
project includes the injection and extraction of College Lake water. Percolation has been identified as an 
effective means of Phytophthora removal, and so the cost estimate for the Expanded College Lake project 
includes sand filtration as a similar means for removal. However, it is undetermined whether the sand 
filtration or the injection/extraction process will be sufficient to eliminate Phytophthora. In the case that 
these removal mechanisms are unsuccessful, an alternative treatment process may have to be developed. 
Costs for this process development are unknown. 
 
Like the LOA, the Modified Local Alternative has the same cost risk associated with percolation of 
recycled water in the Dunes Recharge Basins.  Regulators may require reverse osmosis treatment of 
reclaimed water prior to percolation in to the shallow aquifer.  However, the Modified Local Alternative 
would percolate a smaller quantity of recycled water. The Modified Local Alternative also faces the same 
cost risk associated with Phytophthora removal from College Lake waters. 
 
 
5.7 Cost Comparison with Future Water Use 

The four alternatives developed in Section 5.1 to 5.4 address various levels of water use for the Pajaro 
Valley, while balancing the basin and eliminating seawater intrusion.  Cost to meet future demands were 
briefly addressed in each of the alternative sections.  This section summarizes those discussions and 
provides a cost comparison if future (year 2040) water use is the objective of the alternatives.   
 
The BMP 2000 alternative could meet growth in water demand through purchase of additional CVP 
supply.  To meet future demands, this alternative would need to develop 9,000 AFY of additional 
supplies.   
 
The Local-Only Alternative relies solely on local water sources and is only able to meet water demands 
by reducing the demand significantly through land leases and conservation measures, or through 
development of an additional source of supply such as desalination or water importation.  Without such 
additions, this alternative is unable to meet any future growth in water demand. 
 
The Modified Local Alternative and Modified BMP Alternative could meet growth in water demand 
through the purchase of additional CVP water supplies and conveying the water via the import pipeline.  
Additional supplemental wells, ASR facilities, and distribution facilities would be required.   
 
The costs shown in Table 5-15 reflect the costs to current water users for the various projects needed to 
meet current water demands.  The infrastructure provided by these projects would also serve to meet the 
growth in water demand projected for PVWMA’s service area.  Future users will pay for their fair share 
of these project costs by means of impact fees and/or capacity charges.  These fees and charges would 
lower the costs to existing users and from those shown in Table 5-15. 
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5.8 Summary Comparison of Alternatives 

A summary of findings for the alternatives is presented in Table 5-16.  As shown in this table, the 
Modified BMP Alternative would result in the lowest cost per AF and has the flexibility to meet current 
and future water demands.  It is able to deliver these attributes while avoiding significant regulatory 
hurdles.  It also avoids the need for land fallowing (or its equivalent) and the associated economic 
impacts. 
 
The BMP 2000 Alternative is similar to the Modified BMP Alternative, but results in higher costs 
primarily because of the inland distribution system and the additional water to supply the IDS. It does not 
appear to deliver higher levels of benefit to offset these higher costs. 
 
The Local-Only Alternative results in the highest cost per AF.  This alternative balances water supply and 
demand at a point significantly lower than today’s water use levels.  As a result, this alternative would 
require severe demand reduction measures.  Although the economic impacts of such demand reductions 
were not quantified, they would be significant.  This alternative does not have the flexibility to meet 
future demands, without construction of a desalination facility or an import pipeline, and has poor water 
quality. 
 
The Modified Local Alternative has slightly higher costs than the Modified BMP Alternative and would 
incur greater regulatory hurdles.  This alternative relies on development of surface diversions from water 
bodies that are habitat for endangered species.  PVWMA would have to secure water rights for these 
diversions, which could prove difficult to obtain.  The alternative also requires groundwater recharge with 
recycled water.  DHS could require costly treatment levels beyond those assumed herein.  Therefore, this 
alternative carries cost risks that are higher than those associated with the Modified BMP. 
 
The Modified BMP Alternative is similar to the BMP 2000 Alternative, except it utilizes injection and 
extraction of CVP water through ASR in place of the IDS.  Use of ASR for CVP water does not appear to 
be a significant regulatory hurdle.  This alternative provides an alternate high quality supply that could be 
available to growers in the Murphy Crossing area that are affected by pour groundwater quality. 
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Table 5-16:  Summary Comparison of the Basin Management Strategies 

Comparison Criteria BMP 2000 Local-Only Modified 
Local 

Modified 
BMP 

Total Yield (AFY) 64,000 56,000 64,000 64,000 

Capital Costs ($ Million)a $162 $128 $148 $138 

Adjusted Total Annualized Costs ($ Million)b $14.5 $14.6 $13.7 $12.6 

Cost per AFc ($/AF) $226 $259 $215 $198 

Cost per AF + PVWMA Delivery Charge to 
Those Receiving Delivered Water ($/AF) d 

$318 $351 $307 $290 

Can Meet Future Water Demands?  √ 
 √ √ 

Limited dependence on out-of-basin supplies?  √ √  

Minimizes significant regulatory/implementation 
hurdles? √   √ 

Meets Water Quality Goals?  √  √e √ 

Requires Land Fallowing or Other Measures 
with Significant Economic Impact?  √   

Footnotes: 
a. Includes pro rata share of costs to balance basin at today’s conditions and costs of additional water supplies 
b. Annualized costs included annualized capital cost, operation & maintenance costs  
c. Fee is applied to all water users based on first quarter, 2001 construction costs 
d. Includes delivery charge of $92/AF for those customers receiving delivered water 
e. Water quality goals are met only during certain times of the year 
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6 Revised Basin Management Plan Recommendation  

The objective of this section is to identify a Recommended Alternative that meets the water supply goals 
of the PVWMA and the local community.  In addition, this section summarizes the process used in 
selecting the Recommended Alternative, provides a cost estimate for the alternative, and identifies 
potentially viable future projects.  Implementation and funding of the Recommended Alternative are 
discussed in Sections 7 and 8 of this document.    
 
The Recommended Alternative is the Modified BMP 2000 Alternative with minor enhancements.  The 
PVWMA Board of Directors identified the Modified BMP 2000 Alternative, with enhancements, as the 
preferred alternative after taking into account the public and stakeholder input, engineering and cost 
evaluations, environmental impacts, and direction from PVWMA staff.  The Recommended Alternative 
provides a phased approach for meeting the major objectives and goals of the Pajaro Valley by 
eliminating seawater intrusion and balancing the basin in the most environmentally superior manner with 
the least amount of capital investment.   
 
This section includes the following discussions: 
 

• Draft BMP and Selection Process for Recommended Alternative; 
• Recommended Alternative; 
• Water Balance; 
• Operational Strategy; 
• Cost Estimate;  
• Potential Future Projects; and  
• Summary of Key Points. 

 
 
6.1 Draft BMP and Selection Process for Recommended 

Alternative 

The Draft Revised Basin Management Plan was completed and released for public and stakeholder review 
in August 2001.  From August through November 2001, two public workshops were held to present 
projects and alternatives to the public and stakeholders.  PVMWA also held two public BMP hearings, 
which consisted of presentations and question and comment sessions.  Questions, concerns, and 
comments received during this period were addressed and noted for consideration in the development of 
the Final Revised Basin Management Plan.  The Revised BMP Draft EIR was also released for public 
review in September 2001. 
 
In addition to these public meetings, the projects and alternatives presented in the Draft Revised BMP 
were presented and discussed at public PVWMA Board of Directors meetings held from September 
through early December 2001.  PVWMA also attended and participated in various public stakeholder 
meetings to present and answer questions on the Revised BMP and Revised BMP Draft EIR.  The Draft 
EIR was utilized as a vehicle to solicit input from the various local, state and federal regulatory agencies.   
 
Stakeholder and regulatory comments and additional evaluations played a key role in the selection 
process.  Some of the most significant issues, comments, and developments include the following: 
 

• Comments received from the DHS indicated that percolation of recycled water included in the 
Local-Only Alternative and Modified Local Alternative would not be a feasible project without 
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reverse osmosis treatment.  The treatment is required because of the potential impact to 
groundwater resources whose beneficial uses include drinking water supply.  Due to the expected 
cost of reverse osmosis treatment, percolation of recycled water was eliminated as a potential 
project. 
 

• Following the release of the Draft Revised BMP, an evaluation of injection and extraction of CVP 
water was completed.  The evaluation concluded that membrane treatment such as ultra-filtration 
or micro-filtration would be required prior to injection of CVP water into the groundwater basin.  
This was required to meet both the Surface Water Treatment Rule and to prevent plugging of the 
injection and extraction wells.  As a result of these evaluations, the cost for the ASR wells and 
associated treatment, connection pipelines, and monitoring wells increased to $29.3 million 
including contingencies.  The estimated annual O&M costs for the project is $0.9 million.  Due to 
the increased cost, injection and extraction of CVP water is not recommended at this time.  
However, ASR remains a potential future option for in-basin banking.     

 
The Recommended Alternative will be implemented using a phased approach to take into account project 
funding constraints, rate increases, and implementation tasks.  This phased approached for 
implementation of the recommended capital improvement projects is discussed further in Section 7.  
 
In addition to the specific project components included in the Recommended Alternative, it has been 
recognized that several local water supply projects might become viable in the future.  If they become 
viable, they can be implemented to provide in-basin banking and meet future increases in water demand.  
These additional local water supply projects (described in Section 4) include the Watsonville Slough, 
College Lake, and Murphy Crossing Projects.  They presently have issues of concern that preclude them 
from immediate implementation.  However, they are all potentially viable future projects that could add to 
the diverse mix of water supplies available to the PVWMA, and are included as part of the Recommended 
Alternative. 
 
In-basin banking facilities may also be constructed in the future to increase operating flexibility and 
provide greater local control of water supplies.  Implementation of complete in-basin banking facilities 
was not included in the next phases of the recommended alternative due to cost considerations. However, 
they may be included in future phases of the project as funding becomes available, and if it is considered 
at that time more cost effective than continued use of out of basin banking.   
 
 
6.2 Recommended Alternative 

The goal of the Recommended Alternative is to meet the identified objectives for eliminating seawater 
intrusion, balancing the basin, addressing regulatory concerns, and developing reliable supplemental 
water supplies.  Included with the Recommended Alternative under Potential Future Phases are three 
local surface water supply projects and two local water-banking projects.  The potentially feasible local 
surface water supply projects include Watsonville Slough, College Lake and Murphy Crossing Projects 
(described in Section 4).  The potential future local water-banking projects include in-lieu recharge in an 
Inland Distribution System or an Aquifer Storage and Recovery System.  The inclusion of these projects 
into the Recommended Alternative is a result of public and stakeholder comments and funding 
considerations.  This section reiterates some of the key project elements and discussion that were 
previously described in Section 5.4 Modified BMP 2000 Alternative.  In addition, the recommended 
enhancements and modifications to the alternative are also discussed.  
 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  
 Page 6-3 

 
A phased implementation approach is necessary for the Recommended Alternative due to funding 
constraints and other factors.  The phasing of the Recommended Alternatives is shown below.  A map of 
the Recommended Alternative is shown in Figure 6-1. 
 
Phase 1  

• Conservation: 7-year plan (5,000 AFY); 
• Harkins Slough portion of the Coastal Distribution System; 
• Harkins Slough with Harkins Slough Recharge Basin, Supplemental Wells, and Connections 

(1,100 AFY); 
• CVP Contract Assignment from Mercy Springs Water District for the Import Water Project; 
• Watershed Management Programs. 

o Water Metering Program; and 
o Water Resources Monitoring Program. 

 
Phase 2  

• Remaining portions of the Coastal Distributions System; 
• Import Water Project with Out-of-Basin Banking (13,400 AFY); 

o Acquisition of additional CVP Water Supplies; 
o Five supplemental wells; 
o Potential sale of water to users along the pipeline alignment. 

• Recycled Water Project (4,000 AFY); and 
• Watershed Management Programs. 

o Nitrate Management Program;  
o Wells Management Program; and 
o Recharge Protection Plan. 

 
Enhancements were made to the Modified BMP 2000 Alternative to meet funding objectives and 
identified goals.  The most significant change to the Modified BMP 2000 Alternative described in Section 
5.4 is the strategy for water banking.  Due to the estimated cost of ASR facilities and the funding 
constraints outlined in Section 8, out-of-basin banking was selected as an initial water banking option for 
the import water project.  As funding becomes available for potential future phases, the interim out-of-
basin banking option will be replaced by a local ASR and/or IDS banking option.  With out-of-basin 
banking, the PVMWA would bank surplus water available during higher water delivery years with 
another CVP contractor.  In return, PVWMA would receive water from the CVP contractor during lower 
water delivery years.  For additional information on out-of-basin banking see Section 4.10.4.  
 
In addition, five supplemental wells sited along the import pipeline alignment would be constructed for 
reliability and to provide peaking supply.  The supplemental wells will also be used in conjunction with 
out-of-basin banking to provide water for the PVWMA during dry-years.  As potential future phases are 
implemented, these supplemental wells could be used as ASR facilities after injection capabilities are 
added.   
 
As part of this arrangement it is recommended that importation of CVP water increase by 1,500 AFY to 
13,400 AFY (as compared with the Modified BMP Alternative) to allow a reliable delivery of 
18,500AFY to the coastal area.  This increase in CVP water would provide the flexibility of delivering 
18,500 AFY directly to the coastal areas, or selling up to 3,000 AFY to interested users along the pipeline 
alignment.  Any water sold to these users would be replaced with an equal amount of groundwater 
pumped from inland areas along the pipeline alignment.  In this way, 18,500 AFY could still be delivered 
to the coastal areas.   
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Enhancements of existing and development of new Watershed Management Programs are also added as 
part of the Recommended Alternative.  Existing Watershed Management Programs include the Water 
Metering Program and Water Resources Monitoring Program.  The development of new Watershed 
Management Programs will include a Nitrate Management Program, Wells Management Program, and a 
Recharge Area Protection Program.  In response to the recognized problem of nitrate contamination 
within the Basin, PVWMA has worked together with other public agencies on outreach tasks.  However, 
no formal development of a Nitrate Management Plan has been completed.     
 
Phase 1 of the Recommended Alternative has already been implemented by the PVWMA to near 
completion.  The implementation included the initiation of the Water Conservation Plan, enhancements to 
the Water Metering Program, assessment of the Water Resources Monitoring Program, assignment of one 
CVP contract for import supply, construction of the Harkins Slough Project, and construction of a portion 
of the Coastal Distribution System in the vicinity of Harkins Slough and Beach Road.  In addition, the 
PVWMA is preparing final documents for construction of the three supplemental wells at Harkins Slough 
scheduled for completion during the spring and summer of 2002. 
 
Construction of Phase 1 capital projects began in 2000 and will be completed in 2002.  The CVP contract 
assignment from Mercy Springs Water District was completed in November 1998.  Conservation efforts 
began in 2000 and are schedule to continue through at least 2007.  Enhancements to the Water Metering 
Program were also developed in 2000 and complete implementation of the recommended improvements 
is underway.  The Water Resources Monitoring Program is currently undergoing assessment and is also 
scheduled for completion by the end of 2002.   
 
Construction of Phase 2 capital projects is scheduled to begin in 2004 with completion in 2007.  
Watershed management programs are continuing efforts and once enhanced, developed, or implemented, 
the programs would be maintained. 
 
Phases 1 and 2 of the Recommended Alternative are scheduled for completion in 2007 and will address 
the overdraft and seawater intrusion associated with current groundwater demand on an annual average 
basis.  However, the recommended facilities would meet approximately 90 percent of the CDS peak day 
demand assuming an 18 hour irrigation day.  Extending the irrigation day to 20 hours would allow the 
estimated peak day demand to be met.  Hence, providing estimated peak day flows within an 18 hour 
irrigation day, as well as meeting future increases in water use, will require additional funding beyond the 
proposed rate structure in Section 8. The projects listed under the Potential Future Phases are envisioned 
to be the most viable future projects, which could be constructed to provide in-basin banking, and/or to 
meet future increases in water use.   
 
Potential Future Phases 

• Aquifer Storage and Recovery (ASR) of CVP Water; 
• Inland Distribution System (IDS); 
• Watsonville Slough Project and North Dunes Recharge Basin; 
• Murphy Crossing Project with Murphy Crossing Recharge Basins; and 
• College Lake Project in coordination with Corp of Engineers flood protection project. 
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Figure 6-1: Recommended Alternative (Phase 1 and 2) 
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6.3 Water Balance  

As previously discussed in Chapter 3.3, pumping of 18,500 AFY must be eliminated in coastal areas to 
stop seawater intrusion.  Under the Modified BMP 2000 Alternative it was assumed that new water 
projects would supply 17,000 AFY and 1,500 AFY of inland groundwater would be pumped to the coast.   
 
In the course of developing the Recommended Alternative, PVWMA decided to develop 18,500 AFY of 
new water supply rather than 17,000 AFY.  Consequently, CVP purchase was increased from 11,900 
AFY to 13,400 AFY for the Recommended Alternative.  Although this amount of water is more than is 
needed to simply balance demand and supply, it provides increased operational flexibility.  As described 
above, this approach allows delivery of up to 18,500 AFY directly to the coast, or selling up to 3,000 
AFY to interested users on the pipeline alignment.  Any water sold to these users would be replaced with 
an equal amount of groundwater pumped from inland areas along the pipeline alignment.  In this way, 
18,500 AFY could still be delivered to the coastal areas.   
 
A summary of the new water supplies developed in the Recommended Alternative is presented in Table 
6-1. 
 

Table 6-1: New Water Supplies Developed by Recommended Alternative  

Water Supply to Coastal Area b AFYa 

Harkins Slough with Harkins Slough Recharge Basin 1,100 

Recycled Water Project 4,000 

Imported CVP Water  13,400 

Total  18,500 

Footnote: 
a. Values rounded to two significant figures or to the nearest thousand to represent the values significant accuracy.    
b. Water required to be delivered at the coast to eliminate seawater intrusion.   
 
The estimated implementation schedule indicates completion of Phase 2 of the Recommended Alternative 
by 2007.  Thus, by 2007 sufficient water will be available in the coastal area to stop seawater intrusion.  
  
As previously discussed, the peak day water delivery to the CDS will meet approximately 90 percent of 
the peak day demand, assuming an 18 hour irrigation day.  Extending the irrigation day to 20 hours would 
allow the estimated peak day demand to be met.  If extension of the irrigation day to 20 hours proved 
unacceptable to growers, additional storage, such as ASR wells, within the Pajaro Basin will be needed.  
These facilities would be added during future phases of the program.  If additional storage is developed 
within the Pajaro Valley, out-of-basin banking could be phased out.  Hence, out-of-basin banking may be 
only a temporary solution within the budgeted rate structure presented in Section 8.   
 
Future increases in water use are expected in the PVWMA service area.  Therefore, the PVWMA should 
continue to evaluate water use and local water supply options for maintaining basin balance.  Feasible 
local water supply options include the development of the Watsonville Slough, College Lake, or Murphy 
Crossing Projects.   
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6.4 Operational Strategy 

A flow schematic for the Recommended Alternative is shown in Figure 6-2.   
 
The operational strategy of the Recommended Alternative relies upon recycled and Harkins Slough water 
in combination with CVP water and groundwater as the major sources of supply.  Recycled Water 
requires a source of blending water to reduce the TDS of the delivered water to 500 mg/l or less.  The 
CVP water supply (some groundwater from inland wells would also be mixed with the CVP supply) will 
serve as the primary source of blend water to reduce the TDS levels of the recycled water.  During years 
of low supply availability of CVP water, banked in-basin groundwater and out-of-basin banked supplies 
can be used as additional sources of dilution for the recycled water.  Water provided to users on the CDS 
would be blended with recycled water at a blending facility, proposed to be located near the intersection 
of Highway 1 and the Pajaro River.  Water extracted from Harkins Slough recharge basin would be 
delivered within the San Andreas portion of the CDS.   
 
In average rainfall years, CVP deliveries plus water from the Harkins Slough recovery wells, inland 
supplemental wells, and the Recycled Water Project would provide the water required to meet CDS 
demand.  The Harkins Slough recovery wells and inland-alignment supplemental wells would be used to 
meet peak delivery requirements. 
 
During above-normal rainfall years, CVP deliveries, plus supplies extracted from the Harkins Slough 
recharge basin and the Recycled Water produced at the WWTF, are expected to exceed CDS.  Therefore, 
CVP water deliveries above current demands would be banked with a CVP contractor through an out-of-
basin banking agreement.  Water users at the inland-alignment turnouts would also have access to direct 
CVP supplies during this period.   
 
In below-normal rainfall years, PVMWA would minimal amounts from the CVP system.  However, 
PVWMA would receive additional CVP deliveries through out-of-basin banking agreements.  The 
PVWMA would also withdraw water from the supplemental wells to provide additional supply to the 
system.  The additional CVP and supplemental well supplies would augment surface water and recycled 
water supply and help meet CDS demand.  During these dry years, inland growers would be requested to 
utilize their existing wells during peak demand conditions.  During the most severe dry-weather years, all 
recycled water would still be available, but it is not anticipated that any supply would be available from 
Harkins Slough.     
 
The annual yield of the Recycled Water Project is limited to about 4,000 AFY by the recycled water 
facility daily flow rates, blending requirements, and the irrigation demand for recycled water.  Due to the 
absence of seasonal storage, flow not required for irrigation would be treated to the existing levels and 
discharged to the WWTF outfall.  Water quality is also a limiting parameter.  Given the desired TDS  
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objective of 500 mg/L, recycled water produced at the WWTF would need to be blended with CVP water 
(some groundwater from inland wells would also be mixed with CVP supply) to create a uniform water 
supply for the CDS that meets or exceeds the water quality objectives.  Due to the variation of flows into 
the WWTF, some minor storage of recycled water via equalization basins and a clearwell will be 
provided at the treatment plant for the purpose of maximizing recycled water use and minimizing the 
treatment plant design capacity. 
 
6.5 Estimated Costs 

The estimated capital cost of the Recommended Alternative is $130.6 million, in Spring 2001 dollars.  
The annual O&M cost is estimated to be $4.4 million.  The cost estimate includes annual administration 
cost and annual average water banking costs for out-of-basin banking.  As discussed in Section 4.10.4, in 
addition to administration and banking cost, an out-of-basin banking agreement also typically entails the 
contractor acting as the water bank to retain approximately 10% of the total banked water supply to 
account for seepage, evaporation, and unaccounted losses.  The costs of potential future projects such as 
ASR, IDS, College Lake, Watsonville Slough, and the Murphy Crossing Projects are not included in the 
cost estimate.  The estimated costs of these project elements are discussed in Section 4.  In addition, it 
should be noted that the estimated cost is likely to increase due to inflation and other cost escalations, 
which will occur between Spring 2001 and actual project construction.    
 

Table 6-2: Recommended Alternative Cost Estimate (Phase 1 and 2) 

Project Element Cost Estimate 
($ Millions) 

Coastal Distribution System  $34.4 

Conservation and Watershed Management Programs $1.7 

Harkins Slough Project with Harkins Slough Recharge Basin and Supplemental Wells and 
Connectiona $6.6 

Recycled Water Project (4,000 AFY) $19.2 

54-inch Import Water Project with Out-of-Basin Banking $87.3 

Construction Cost Subtotal $149.1b 

Financial & Bond Sale Cost @ 1.0% $1.5 

Recycled Water Grant (Title XVI) ($20.0) 

Total Capital Cost $130.6 

Annualized Capital Cost at 6% for 30 years $9.5 

Annual Operations & Maintenance Costs $4.4 

Total Annual Cost $13.9 

Footnotes: 
a. Includes $460,000 CalFed Grant, which reduces cost to $6.6 million.  This project is complete except for three 

supplemental wells and associated piping. 
b. Subtotal reflects sum of individual project elements before rounding. 

Notes: 
1. Spring 2001 construction cost. 
2. Capital recovery factor (A/P) for 6% at 30 years is 0.07265. 
3. Cost estimates include a Construction Contingency of 20%, Engineering/Legal/Admin/Permits Contingency of 17.5%, 

and Environmental and Permitting Contingency of 5%.   
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The amount shown for Conservation and Watershed Management Programs is the recommended increase 
in budget for these items.  The $1.7 million shown is the present worth equivalent of $290,000 per year, 
which is the recommended increase.  Currently these programs consume approximately $340,000 per 
year.  Therefore, in combination with the recommended increase, the total recommended expenditures for 
these programs would be approximately $640,000 per year.  The tentative allocation of this budget is 
shown in Table 6-3. 
 

Table 6-3: Resource Allocation for Conservation and Watershed Management Programs 

Watershed Management Programs 
Current 
Resource 
Allocation 

Recommended  
Increase in 
Allocation 

Recommended Future 
Resource Allocation 

Water Conservation Plan $100,000 $100,000 $200,000 

Water Metering Program 200,000 100,000 300,000 

Water Resources Monitoring 
Program 40,000 60,000 100,000 

Nitrate Management Program 0 15,000 15,000 

Wells Management Program 0 7,500 7,500 

Recharge Protection Program 0 7,500 7,500 

Total Resources Allocation $340,000 $290,000 $630,000 
 
 
 
6.6 Potential Future Phases  

As previously discussed, completion of Phases 1 and 2 of the Recommended Alternative will address 
approximately 90 percent of the CDS peak demand, assuming an 18 hour irrigation day.  Extension of the 
irrigation day to 20 hours would allow the estimated peak day demand to be met.  However, if the 
extension is unacceptable to growers, additional storage such as ASR wells, within the Pajaro Basin will 
be needed. 
 
Addressing peak demand periods as well as future increases by 2040 in water use will require the 
construction of an in-basin banking system and additional water supply projects.  An in-basin banking 
system is not being implemented at this time due to funding restrictions.  In consideration of near-term 
cost-saving, out-of-basin banking provides a storage alternative for meeting the water demand in the 
Pajaro Valley the majority of the time with the least amount of initial capital investment.  Furthermore, it 
is more prudent to reserve long-term storage decisions on ASR and IDS for in-basin banking until more 
information and studies can be completed and evaluated.  The capital projects in Phase 1 and 2 will be 
designed with flexibility such that future projects can be incorporated into the system to meet the 
remaining current and future needs.    
 
As more funding becomes available in the future, the potential future in-basin storage and local water 
supply projects discussed below could be constructed to meet the remaining current and future needs.  
These listed projects are envisioned to be the most viable future projects for construction to provide in-
basin banking and/or increase local water supplies.  Hence, the design of the recommended projects 
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included in the next phase of implementation and described in Section 6.2 should include provisions for 
future integration of the following projects. 
 
Potential Future Phases – Envisioned Viable Projects 
 

• Aquifer, Storage and Recovery (ASR); 
• Inland Distribution System (IDS); 
• College Lake Project; 
• Watsonville Slough Project; and 
• Murphy Crossing Project. 

 
As previously discussed, addressing the entire overdraft and seawater intrusion impacts during peak 
demand periods as well as future increases in water use by 2040 will require the construction of additional 
capital projects such as in-basin banking facilities.  An in-basin banking system would provide long-term 
reliability and allow more flexibility for the PVWMA.  Construction of ASR facilities, an IDS, or a 
combination of the two, would provide in-basin banking for imported water.  The banked water would 
then be pumped during below normal water delivery years when CVP supplies are reduced.  These two 
banking projects were not included as part of the next phase of the Recommended Alternative due to 
funding constraints.  However, design of the recommended projects should include provisions for future 
integration and connection of the ASR facilities and an IDS.   
 
The College Lake Project was not considered a practical project at this time due to a potential ACOE 
flood protection project at College Lake and impacts to steelhead fisheries.  Until the ACOE has 
completed flood protections studies, a water supply project at this location is not realistic.  However, the 
College Lake Project may be feasible in the future.  The ACOE is currently completing outreach efforts 
and collecting public and stakeholder inputs as a part of the initial phases of its planning study.  To date, 
no schedule is available for the completion of ACOE flood projection evaluation.   
 
Similar to the College Lake Project, the Watsonville Slough Project is not viable at this time.  
Environmental enhancement and restoration options are currently under evaluation and the Watsonville 
Sloughs Resource Conservation and Enhancement Plan is being developed.  The viability of the 
Watsonville Slough Project is contingent on experience with the Harkins Slough Project and 
recommendations of the Resource Conservation and Enhancement Plan.     
 
The Murphy Crossing Project faces several environmental issues and engineering challenges at this time.  
NMFS and DFG have requested that additional investigations be undertaken to evaluate the sediment 
characteristics of the proposed infiltration gallery.  Therefore, pursuit of this project is currently not 
warranted.  In addition, the most practical delivery of water supplied by the Murphy Crossing Project 
would be an IDS adjacent to the project.  However, the project is still feasible and could be selected for 
implementation in the future.   
 
 
6.7 Summary of Key Points  

Presented below is a summary of key points of this section.  
 

• The Recommended Alternative was selected through a rigorous process consisting of public 
outreach, and engagement of regulatory, jurisdictional agencies, and other stakeholders. 
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• The Recommended Alternative for eliminating seawater intrusion and balancing the basin is the 

Modified BMP 2000 Alternative with minor enhancements.  The Recommended Alternative is to 
be implemented under a phased approach. 
 

• Due to funding constraints, out-of-basin banking will be utilized as the near-term water banking 
strategy for the Recommended Alternative. 
 

• The Recommended Alternative would provide new water supplies of 18,500 AFY.  In 
conjunction with conservation of 5,000 AFY, seawater intrusion would be eliminated and basin 
balance would be achieved by 2007.  Future increases in water use are expected, but the inherent 
flexibility of the Recommended Alternative would allow these demands to be met at a future 
time. 

 
• Enhancements of existing, and development of new, Watershed Management Programs are also 

added as part of the Recommended Alternative,  
 

• The estimated capital cost of the recommended alternative is $130.6 million with an annual O&M 
of $4.4 million. 

 
The next steps for PVMWA are to begin the implementation process for each of the recommended 
projects.  An implementation plan for the recommended alternative is described in Section 7.  In addition, 
Section 8 describes the water rate structure that would be used to fund the projects. 
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7 Implementation Plan for Recommended Alternative 

Implementation of the Recommended Alternative will necessitate numerous activities, ranging from 
engineering design, environmental documentation and permitting, financing, and construction.  
Environmental documentation for the Recommended Alternative includes two components:  CEQA 
(California Environmental Quality Act) and NEPA (National Environmental Policy Act).  CEQA 
compliance is scheduled for completion in February 2002.  NEPA compliance is scheduled for 
completion in early 2003, and is being completed in a joint effort with the US Bureau of Reclamation.  
NEPA compliance is required for connection of the import pipeline to the CVP system and delivery of 
CVP water.  NEPA compliance is also required for receipt of federal funding for the Recycled Water 
Project under Title XVI. 
 
The purpose of this section is to identify project schedules and highlight significant tasks required for 
implementation of the Recommended Alternative.  The identified tasks are focused on those required 
between the completion of this planning document (the Revised BMP) and completion of construction.   
 
As previously discussed in Section 6, the Recommended Alternative is to be constructed in multiple 
phases.  Construction of projects under Phase 1 has already begun and will be completed in 2002.  
Implementation of Phase 1 and 2 of the Recommended Alternative are described in detail below.   A 
preliminary implementation plan for the Potential Future Phases is also included in Section 7.3. 
 
Potential projects listed under future phases include options for in-basin water banking utilizing ASR, 
construction of an Inland Distribution System, and development of additional local water supplies.  As 
funding becomes available in the future, the PVMWA should implement an in-basin banking option to 
address current peak demand periods, future increases in water use by 2040, and increase long-term 
reliability, flexibility, and local control of the CVP supplies.  Construction of additional local water 
supply projects would be contingent on the need for additional water supply, results of environmental and 
flood control studies currently underway, and funding.  
 
The projects included under each phase are shown below.   
 
Phase 1 (Scheduled Completion in 2002) 

• Conservation: 7-year plan (currently underway with 5,000 AFY to be achieved in seven years); 
• Harkins Slough with Harkins Slough Recharge Basin and Supplemental Wells and Connections 

(1,100 AFY);  
• Harkins Slough Portion of the Coastal Distribution System (CDS);  
• CVP Contract Assignment from Mercy Springs Water District for the Import Water Project. 
• Watershed Management Programs; and 

o Water Metering Program; and 
o Water Resources Monitoring Program. 

 
Phase 2 (To be constructed in 2003 to 2007) 

• Remaining Portion of the Coastal Distribution System;  
• 54-inch Import Water Project with Out-of-Basin Storage (13,400 AFY); 

o Acquisition of additional CVP Water Supplies; and 
o Inland-alignment turnouts and five supplemental wells. 

• Recycled Water Project (4,000 AFY); and 
• Watershed Management Programs. 

o Nitrate Management Program;  
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o Wells Management Program; and 
o Recharge Area Protection Program. 

 
Potential Future Phases 

• Aquifer Storage and Recovery (ASR) of CVP Water; 
• Inland Distribution System; 
• Watsonville Slough Project and North Dunes Recharge Basin; 
• Murphy Crossing Project with Murphy Crossing Recharge Basins; and 
• College Lake Project in coordination with Corp flood protection project. 

 
Project schedules and critical tasks for Phases 1 and 2, and the associated projects are described in the 
following sections.  No schedules were developed for potential future phases as the PVWMA has not set a 
timeline to move forward with those future projects at this time. 
 
 
7.1 Phase 1 

Implementation of Phase 1 of the Recommended Alternative is nearly complete.  PVMWA has begun a 
conservation program to achieve levels of conservation identified in the Water Conservation 2000 (WC 
2000) plan.  The Enhanced Groundwater Monitoring and Enhanced Metering Programs will involve 
evaluation of the existing programs and building upon these evaluations to create a more effective 
monitoring and metering program for the PVWMA.  Construction of the Harkins Slough project and 
Harkins Slough portion of the CDS was completed in fall of 2001.  The final element of Phase 1 is 
construction/retrofitting and connection of the three supplemental wells that will initially provide a 
supplemental supply to the Harkins Slough portion of the CDS.  Details of the implementation plan for 
the ongoing projects are discussed in the following sections. 

7.1.1 Conservation Program Implementation 

In February of 2000, the WC 2000 was completed by the consultant and accepted by the Board of 
Directors.  Since acceptance of the WC 2000, the PVWMA has implemented many programs identified in 
the WC 2000 plan to promote agricultural water conservation.  Conservation efforts have included mobile 
laboratory evaluations, installation of an additional CIMIS weather station, demonstration projects, 
outreach efforts, and farm conservation plan reporting.  Mobile laboratory evaluations receive high 
participation from growers and were funded in cooperation with the San Luis & Delta Mendota Water 
Authority.  Future funding of the mobile laboratory evaluations will be done in part through grants from 
CALFED.  Funding allocation decisions have limited the PVWMA from full implementation of the 
outlined programs.  As a result, the financial assistance program for grower irrigation system 
improvements has not been implemented. 
 
Implementation of the WC 2000 Program has been focused on elements that would make the biggest 
impact first.  Hence, the urban outreach aspect of the WC 2000 has been largely left to the City of 
Watsonville, which has a Water Conservation Program originally established in 1992.  The City of 
Watsonville’s program includes elements such as low-flush toilet rebate, industrial loans for water 
efficient facility modifications, free low-flow shower heads, school water education programs, the 
retrofitting of schools with low-flow plumbing fixtures, and other similar activities.   
 
Ongoing conservation efforts identified in the WC 2000 are scheduled to continue until at least 2007.  
Full implementation of all the elements identified in the WC 2000 will require additional funding and 
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resources.  Depending on the level of conservation that has been achieved and the opportunities for 
additional conservation, the program could be extended.  

7.1.2 Harkins Slough Project with Harkins Slough Recharge Basin and 
Supplemental Wells and Connections Implementation 

The Harkins Slough Project was the first water supply project to be implemented and constructed by the 
PVWMA.  Construction of the diversion facilities and recharge basin were completed in 2001.  
Construction and retrofitting of the supplemental wells and connections is the final element of the project 
and is scheduled for completion in 2002.  Approximately 150 AF of Harkins Slough water was diverted, 
treated, and percolated to storage in spring 2001 and full operations are scheduled for late winter or spring 
of 2002. 
 
The Harkins Slough Project consists of pumping and treatment facilities located at the confluence of 
Harkins and Watsonville Sloughs, a transmission pipeline from the treatment facility to the recharge basin 
located off Dairy Road, and extraction wells with a connecting pipeline to the Coastal Distribution 
System.   

7.1.3 Harkins Slough Coastal Distribution System Implementation 

In conjunction with the Harkins Slough Project, a portion of the Coastal Distribution System was 
constructed to deliver water from the Harkins Slough Project and begin elimination of coastal pumping.  
Design of the project was completed in 2000 and construction was completed in the fall of 2001.   
 
Additional portions of the CDS are to be constructed in conjunction with the Harkins Slough 
supplemental wells.  These facilities are scheduled for completion in early 2002.  In all, approximately 
35,000 feet, or approximately 25%, of the CDS will be constructed under Phase 1. 

7.1.4 Watershed Management Programs 

As previously discussed in Section 3, PVMWA Staff is in the process of enhancing the Water Metering 
and Water Resources Monitoring Programs.  Enhancements to the Water Metering Program, including 
development of a billing and meter tracking database, meter replacement, and regular maintenance, have 
been developed in 2000.  The revamped metering program will improve revenue generation, allow 
evaluation of conservation efforts, and provide an increased understanding of water use in the basin.   
 
The Water Resources Monitoring Program is currently undergoing evaluation so that the framework for 
enhancing this program could be developed.  An enhanced Water Resources Monitoring Program will 
allow for better data collection necessary for accurate monitoring of contaminant migration, the seawater 
intrusion boundary, and surface water diversion.  Surface water diversions monitoring will help the 
PVWMA study the effect of natural recharge and natural dilution of potential constituent concentrations 
of concern in the basin.  In addition, the collected data would allow for evaluation of the effectiveness of 
water supply projects in eliminating seawater intrusion.   The two programs will also provide PVMWA 
with data for protecting and managing water supplies while accurately evaluating and addressing future 
water needs for its service area. 
 

7.1.4.1 Water Metering Program 
 
In recognition of the importance of an accurate metering program, PVWMA has undertaken an evaluation 
of its existing metering program in 2000 and has identified a series of improvements.  Recommendations 
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arising from this evaluation process include development of a comprehensive meter program database for 
tracking of billing and maintenance repair schedule, replacement of obsolete meter technology, and 
increased frequency of routine maintenance visits between scheduled meter readings.  The goal is to 
implement all of the recommendations by the end of 2002.  
 

7.1.4.2 Water Resources Monitoring Program  
 
A comprehensive monitoring program will allow PVWMA to collect necessary data for evaluation of 
groundwater and surface water management issues.  In addition to monitoring the progress of the 
Recommended Alternative in stopping seawater intrusion, an expanded groundwater monitoring program 
is also needed to provide a better understanding of the extent and changes in nitrate contamination.  In the 
past, the groundwater quality monitoring program has been focused on agricultural related parameters.  
Hence, the PVWMA is in the process of reassessing and developing enhancements to its current 
groundwater monitoring program.  These could include more analyses, such as water dating and isotope 
analyses, and expansion of the monitoring network for continued updates of the PVIGSM and modeling 
of contaminant transports.  The new monitoring program could also include a database with Access 2000 
and GIS compatibility.   
 
Surface water monitoring is essential in understanding natural recharge in the basin and natural dilution of 
potential constituent concentrations of concern.  In addition to water quality and flow monitoring, 
reporting, and management, enhancements to the surface water monitoring program should include 
stepped-up efforts to track, meter, and monitor surface water diversions.  These tasks are keys to 
protecting and managing water supplies in the basin.   
 
While the framework for the Water Resources Monitoring Program is being developed by PVWMA, 
implementation of the enhanced program will require additional budget and resources to perform 
laboratory analyses and update of the existing database and model.  Although PVWMA currently has 
funds for groundwater monitoring, PVWMA is exploring future funding opportunities to offset the 
additional cost required for enhancing the Water Resources Monitoring Program.  
 

7.1.5 CVP Contract Assignment from Mercy Springs Water District for the Import 
Water Project 

As previously mentioned in Section 4.10, the PWMA entered into an agreement for the assignment of 
6,260 AFY of contracted CVP water from the Mercy Springs Water District in November 1998.  At 60 
percent long-term average reliability, the contracted amount equals to 3,750 AFY, or 28 percent of the 
13,400 AFY needed by the Import Water Project.  The facilities for the Import Water Project are 
scheduled for completion in Phase 2. 
 
 
7.2 Phase 2 

Phase 2 of the Recommended Alternative would be implemented over the next five years and would 
provide facilities necessary to meet the existing basin overdraft and associated seawater intrusion problem 
during peak demand conditions assuming a 20 hour irrigation day. The capital projects in Phase 2 include 
the remaining portion of the CDS, the 54-inch Import Water Project with Out-of-Basin Storage, the 
Recycled Water Project, and some additional supplemental wells.   
 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  
 Page 7-5 

 
In addition to the capital projects, Phase 2 will also include development of the Nitrate Management 
Program, the Wells Management Program, and the Recharge Area Protection Program.  The Nitrate 
Management Program would guide the PVWMA in taking the first step toward formally recognizing and 
addressing the potential nitrate contamination problem within the PVWMA service area.  The Wells 
Management Program will help protect the groundwater quality in the Pajaro Valley by ensuring that 
wells are not a mechanism for transport of constituents from one aquifer to another.  The Recharge Area 
Protection Program would help in enhancing groundwater stability by implementation of public outreach 
program designed to inform area residents and decision makers of the importance of protecting 
groundwater recharge areas.   
 
Before construction of any capital projects in Phase 2 could begin, the PVWMA must secure additional 
CVP water supplies for the Import Water Project.  The CDS and the Import Water Projects are dependent 
upon each other while the Recycled Water Project is dependent upon the Import Water Project for a 
reliable source of blending water to meet water quality objectives for irrigation.  Hence, the start up 
scheduling for all three projects is set to coincide with each other in spring of 2007.  Implementation 
details for the three projects are presented in the following sections.  
   

7.2.1 Coastal Distribution System Implementation 

In order to eliminate coastal pumping and stop seawater intrusion, supplemental water supplies replacing 
the existing groundwater supply must be delivered via a CDS to the coastal agricultural areas.  The 
proposed CDS will deliver agricultural water supply originating from Harkins Slough, recycled water 
from the City of Watsonville Wastewater Treatment Facility blended with import water from the CVP 
and supplemental groundwater wells.  The CDS will be designed to accommodate additional water from 
potential future local projects at College Lake, Watsonville Slough, and the Pajaro River at Murphy 
Crossing. 
 
The required tasks for implementation of the CDS are broken into three major categories: environmental  
documentation and permitting, project design, and construction.  The environmental documentation 
process for the project was completed under the Local Water Supply Project EIR in 1999.  As previously 
mentioned in Section 7.1.3, a portion of the CDS has been constructed in conjunction with the Harkins 
Slough Project.  In spring of 2001, the PVWMA approved and authorized a conceptual study for the 
remaining portion of the CDS.  The design and permitting of the total CDS is expected to be completed 
by mid 2003.    
 
As part of the design process, the PVMWA will need to secure the required land parcels/easements and 
environmental, development, and encroachment permits.  Since construction of the CDS will not result in 
a significant permanent loss of land use, the required land acquisition process will not be lengthy and is 
scheduled for completion by the end of 2002.  The environmental, development, and encroachment 
permits necessary for construction of the remaining portion of the CDS are scheduled for completion in 
2003.     
 
The advertisement, award, and construction of the remaining portion of the CDS is currently scheduled to 
start at the end of 2004 and is contingent upon approval from the PVWMA Board of Directors and 
available funding.  Since a CDS is needed for the delivery of water to the coastal area and a CVP pipeline 
is needed as a source of water supply for the CDS, these two co-dependent projects are scheduled for 
completion at the same time.  Construction of the CDS is expected to begin in fall 2004 and is scheduled 
for completion in spring of 2007.  The proposed implementation schedule for the project is shown in 
Figure 7-1. 



Figure 7-1: Coastal Distribution System Implementation Schedule

Task Name
2000

QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1
2001 2002 2003 2004 2005 2006 2007

1	 Coastal Distribution System

	 1.1	 Environmental Documents and Permitting
	 	 1.1.1	 Local Water Supply and Distribution EIR
	 	 1.1.2	 US Army Corps of Engineers - 404 Permit
	 	 1.1.3	 CDFG - 1601 Streambed Alteration Permit
	 	 1.1.4	 RWQCB - 401 Water Quality Certification
	 	 1.1.5	 CCC - Coastal Development Permit

	 1.2 Project Design and Construction
	 	 1.2.2	 Design 
	 	 1.2.3	 Land Acquisition
	 	 1.2.4	 Advertisting, Bidding, and Award
	 	 1.2.5	 Construction
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7.2.2  54-inch Import Water Project with Out-of-Basin Storage Implementation 

The Import Water Project is a major component of the Recommended Alternative and will bring 13,400 
AFY of high quality water into the Pajaro Valley to meet water demand and enable the quality of water 
from the Recycled Water Project to be suitable for irrigation use after blending.  Construction of the 
import water pipeline is contingent on completion of several significant tasks including securing 
additional CVP water supplies, and environmental review under NEPA. 
 
A CVP contract assignment from Mercy Springs Water District in Phase 1 has secured 28 percent of the 
CVP supplies needed for the Import Water Project.  However, in order to have enough supplies for the 
Import Water Project, the PVWMA must secure an additional 72 percent of the 13,400 AFY CVP water 
supplies needed through assignments of existing contracts from other CVP Contractors. Assignment of a 
CVP contract will involve negotiations with other CVP contractors and coordination of the agreements 
with the USBR.  In addition, CEQA/NEPA requirements must be fulfilled for each assignment.  
Completion of the necessary tasks to secure additional CVP water supplies is estimated to be a 20-month 
process.  The purchase of additional CVP supplies via assignment appears to be a viable option as 
PVWMA is currently in the process of exploring assignment opportunities with various CVP Contractors. 
 
After additional CVP water supplies are secured, an out-of-basin banking agreement with one or several 
CVP contractors/agencies to store surplus CVP water during above average water delivery years will be 
needed.  Out-of-basin banking will increase the reliability of the CVP supply and minimize the need for 
additional storage facilities and associated costs in the Pajaro Valley.               
 
As previously discussed, the Import Water Project requires CEQA and NEPA compliance as part of the 
environmental review process in addition to individual CEQA/NEPA evaluations for each water 
assignment/agreement.  The Revised BMP EIR will fulfill the CEQA requirements for the Import Water 
Project and is scheduled for completion in February 2002.  NEPA requirements for the Import Water 
Project will be fulfilled through an EIS scheduled for completion in early 2003.  CEQA/NEPA for any 
additional CVP contract assignment will be completed as soon as a specific assignment is proposed.     
 
Design of the import pipeline is expected to begin in early 2003, following completion of the EIS and 
securing of an additional water supply agreement.  Various local and jurisdictional agency permits are 
required prior to construction of the project, and the permitting process would be completed in 
conjunction with design.  The jurisdictional agencies and their required permits/review process are listed 
in the schedule shown in Figure 7-2 under the Environmental Documents and Permitting section.  
Construction-related permits such as encroachment permits are considered to be part of the design process 
and hence are not listed under the Environmental Documents and Permitting section.   
 
Necessary land acquisition and easements for the project will also be negotiated during the design stage, 
including the agreements to construct and five supplemental/peaking wells along the pipeline alignment.  
The proposed implementation schedule is shown in Figure 7-2. 
 
Construction of the Import Water Project is scheduled to begin in the summer of 2004.  Accounting for 
the mobilization and start-up/testing period, and the anticipated rate of pipeline construction 
approximately 180 feet of pipe per day, the Import Water Project will be completed by the spring of 2007. 



Figure 7-2: Import Water Project Implementation Schedule

Task Name
2000

QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1
2001 2002 2003 2004 2005 2006 2007

2	 Import Water Project With Out-of-Basin Storage

	 2.1	 Securing Additional CVP Water Contracts

	 2.2	 Securing Contracts for Out-of-Basin Banking          		
	 	 of CVP Water

	 2.3	 Environmental Documents and Permitting
	 	 2.3.1	 CEQA Documents - Revised BMP 2000 EIR
	 	 2.3.2	 NEPA Documents - CVP EIS
	 	 2.3.3	 FESA Compliance
	 	 2.3.4	 USBR - Place of Use
	 	 2.3.5	 SWRCB - Water Rights Permit
	 	 2.3.6	 US Army Corps of Engineer - 404 Permit
	 	 2.3.7	 CDFG - 1601 Streambed Alteration Permit
	 	 2.3.8	 RWQCB - 401 Water Quality Certification
	 	 2.3.9	 CA OHSA - Gas Classification         	 	 	
	 	 	 (pipelines > than 36")

	 2.4	 Project Design and Construction
	 	 2.4.2	 Design 
	 	 2.4.3	 Land Acquisition
	 	 2.4.4	 Advertisting, Bidding, and Award
	 	 2.4.5	 Construction
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7.2.3 Recycled Water Project Implementation 

Construction of the Recycled Water Project is contingent on completion of several key tasks including 
approval of Title XVI funding from the USBR, appropriation of funding by Congress, securing import 
water for blending, execution of a cooperative agreement between the City of Watsonville (City) and 
PVWMA, and NEPA compliance.  These tasks need to be completed prior to construction of the project. 
 
Implementation of the Recycled Water Project is contingent upon approval for grant funding from the 
USBR and appropriation of such funds by Congress.  In order to receive Title XVI funding, NEPA 
compliance for the project must first be completed.  The NEPA evaluation is being conducted in 
cooperation with the USBR, and is scheduled for completion in early 2003.   
 
In addition to USBR approval for Title XVI funding, an appropriation of funds from Congress is 
necessary prior to the release of money for construction of the project.  The appropriations process is 
expected to span a 20-month period and would begin following a record of decision from the USBR.   
 
The Recycled Water Project would also require a blending water supply in order to meet the irrigation 
water quality objective.  Without a blending supply the Recycled Water Project would not be viable due 
to water quality issues.  CVP water from the Import Water Project is the only adequate blending supply 
for recycled water on a sustained basis.  Therefore, sufficient CVP supplies must be secured before the 
Recycled Water Project is built.  
 
Another necessary task for this project is the development of a cost sharing and delivery agreement 
between the City of Watsonville and PVWMA.  The agreement is necessary, as the City of Watsonville 
and PVWMA are the major stakeholders in the project.  The City owns and operates the WWTF while the 
PVWMA has jurisdiction over management of water resources within its area.   
 
The design of the Recycled Water Project is scheduled to start at the end of 2003, after the environmental 
documents and federal appropriation for Title XVI funding.  The City and PVWMA are currently 
completing a feasibility study to evaluate treatment options and processes for the production of recycled 
water.  A Recycled Water Feasibility Study report is scheduled for completion in early 2002.  
Construction permitting for the project would be completed during the design process.  Construction of 
the Recycled Water Project could begin in the summer of 2005, with a completion target for spring of 
2007, in accordance with the CDS and Import Water Project schedule.  The proposed implementation 
schedule is shown in Figure 7-3. 



Figure 7-3: Recycled Water Project Implementation Schedule

Task Name
2000

QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1 QTR 3 QTR 1
2001 2002 2003 2004 2005 2006 2007

3	 Recycled Water Project

	 3.1	 Feasibility Study

	 3.2	 Environmental Documents and Permitting
	 	 3.2.1	 CEQA Documents
	 	 3.2.2	 City of Watsonville Documentation
	 	 3.2.3	 NEPA Documents
	 	 3.2.4	 CA DHS - Title 22 Permitting
	 	 3.2.5	 RWQCB - Water Reclamation Permit

	 3.3	 Federal Appropriation for Title XVI Fund

	 3.4	 Project Design and Construction
	 	 3.4.1	 Design
	 	 3.4.2	 Land Acquisition
	 	 3.4.3	 Advertisting, Bidding, and Award
	 	 3.4.4	 Construction
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7.2.4 Watershed Management Programs 

The Nitrate Management Program, Wells Management Program, and Recharge Area Protection Program 
will be developed in Phase 2.  As part of the Nitrate Management Program, the PVWMA is proposing to 
address nitrate contamination within the PVWMA service area by developing and implementing a Nitrate 
Management Plan.  The Nitrate Management Plan would provide guidance for managing and reducing the 
levels of contribution to nitrate contamination in the Pajaro Valley and serve to increase public awareness 
and understanding of the situation.  The Wells Management Program involves formalizing and adopting a 
guideline for well decommissioning and well replacement.  The Recharge Area Protection Program will 
include cooperation with other public agencies and public outreach to inform area residents and decision 
makers of the importance of protecting groundwater recharge areas.   
 
Funding and staffing resources are necessary in order to develop and implement these programs.  
Currently, no specific implementation schedule has been developed due to resource limitations.  
However, it is expected that funding and staffing would become available during Phase 2 and that 
implementation of each program could ensue. 
 

7.2.4.1 Nitrate Management Program 
 
The PVWMA is working with the Monterey County Water Resources Agency (MCWRA) to address 
agricultural and urban nitrate issues.  Together, the two agencies have coordinated and sponsored public 
outreach events to educate the community on nitrates management and developed pocket guides for 
management of agricultural nitrates.  However, increased efforts are necessary implemented to protect 
water resources within the Valley.  Hence, the PVWMA should develop a Nitrate Management Plan that 
would identify management measures for reducing nitrate contamination.  The plan would outline 
programs aimed at voluntary implementation of management measures as voluntary action is typically an 
effective means for reducing nitrate contamination.  The goals of the plan would be similar to the Salinas 
Valley Water Project Nitrate Management Program (Montgomery Watson & RMC, 1998) and would 
include programs to: 
 

1. Improve irrigation and fertilization practices to reduce the net nitrate/nitrogen load to the 
groundwater system via grower outreach and education program; 

2. More accurate definition of the extent and fate of nitrate contamination in the Pajaro Valley 
groundwater basin; and 

3. Define programs to protect domestic water supplies from nitrate contamination. 
 
The program should include cooperative efforts with Monterey, Santa Cruz, and San Benito Counties to 
increase public awareness and outreach programs to educate the community on nitrate pollution in the 
Pajaro Valley.  Implementation of the Nitrate Management Programs will require resources and personnel 
to develop the plan and manage the programs identified in the plan.  The programs identified in the plan 
could be implemented using a phased approach consistent with available resources and funding.  The 
phased approach would also give PVWMA a chance to evaluate and improve the programs applied before 
the implementation of subsequent phases.  The Plan would also give a cost estimate for program 
implementation and identify potential grant and funding opportunities for nitrate management from 
regulatory agencies.   
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7.2.4.2 Wells Management Program 
 
The development of the Wells Management Program will involve active monitoring of well 
decommissioning to ensure that the wells will not provide conduits for contaminants.  The PVWMA 
currently has a program for notifying the respective county whenever an abandoned well is discovered.  
To go a step beyond monitoring, the PVWMA should also formalize and adopt guidelines for 
decommissioning of groundwater wells that are abandoned from operation.  The guidelines could be 
based on existing regulations set by the California Department of Water Resources and an existing 
ordinance adopted by the Monterey County Water Resources Agency.   
 

7.2.4.3 Recharge Area Protection Program 
Protection of recharge areas within the PVWMA service area is critical in preserving water quality and 
supply within the basin.  Recharge areas within the basin are primarily located in the eastern portion of 
the PVMWA service area.  Contamination of, or development on, recharge areas would adversely affect 
the groundwater supplies of the entire basin.  Therefore, it is critical that recharge areas are protected 
from both development and pollution.  
 
A Recharge Area Protection Program is needed to preserve future groundwater supplies and quality.  As 
previously discussed in Section 3.4.2, the local Counties are aware of key recharge areas and help in 
monitoring the water quality in these areas.  However, a more formal program to spread awareness is 
recommended.  The proposed program could consist of an outreach program designed to inform area 
residents and decision makers of the importance of protecting groundwater recharge areas.  In addition, 
data from the Water Resources Monitoring Program could be used in developing a model for the key 
recharge areas and help in monitoring of the water quality in these areas.   
 
 
7.3 Potential Future Phases 

Potential future phases are contingent on the availability of funding, operational strategy, and on future 
water needs within the Pajaro Valley.  Potential future phases include two local water-banking projects 
and three local water supply projects.  As previously mentioned, elimination of overdraft and seawater 
intrusion impacts during peak demand periods as well as future increases in water use by 2040 will 
require the construction of an in-basin banking system and/or additional water supply projects.  The 
projects identified were the most feasible and practical at this time.  Implementation schedules for these 
potential future projects are not presently defined.  Key implementation tasks for each project are 
summarized in the following sections.   
 

7.3.1 Aquifer Storage and Recovery of CVP Water (ASR) 

Once construction of the import water pipeline is completed and as more funding becomes available, a 
water banking strategy to store water locally in years when above-average supplies are available should 
be developed to accommodate peak demand periods, future increases in water use by 2040, and increased 
long-term reliability, flexibility, and local control of the CVP supplies.  Banking of water locally would 
likely be achieved through ASR, in-lieu recharge, or a combination of both.  A local water banking 
strategy should be developed while considering overall operations requirements during low and high 
water delivery years.  Besides banking, ASR wells could be used to meet peak water demands and 
provide reliability to the system.    
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Previous analysis and evaluation of ASR for CVP water with regards to water quality and regulatory 
requirements indicate treatment is necessary prior to injection of CVP water into the groundwater system. 
Feasibility level studies have resulted in the recommendation of ultrafiltration (UF) as the preferred 
treatment process alternative.  Ultrafiltration would treat CVP water prior to injection into the 
groundwater aquifers to meet and comply with the Department of Health Services (DHS) and Central 
Coast Regional Water Quality Control Board (CCRWQCB) requirements.  Upon extraction, water from 
the wells could be delivered directly to the CDS without additional treatment.  A byproduct of UF 
treatment is reject water, which could be either discharged back into the import supply pipeline or 
discharged to the WWTF. 
 
Prior to moving forward with full-scale implementation of the ASR project, PVWMA should conduct a 
more detailed evaluation of existing groundwater quality in the proposed ASR well area and perform a 
pilot study of the recommended treatment process to gather more information.  The pilot study would 
help PVWMA address water chemistry issues associated with blending of CVP water with groundwater.   
Furthermore, PVWMA would need to work with property owners to site additional wells at locations that 
would minimize agricultural and environmental impacts.   
 

7.3.2 Inland Distribution System (IDS) 

Construction of an IDS would allow for delivery of water from local or import supplies to inland growers 
and would reduce groundwater pumping leading to an in-lieu water bank. An IDS provides the ability to 
deliver water to lands not adjacent to the import pipeline, a benefit not afforded by any other project 
component.   
 
One potential delivery system was identified in Section 4.10.1.  However, the alignment and service area 
of the system is dependent on the specific needs of the owners and growers in the inland area.  As future 
water needs and water resources are identified, the IDS can be designed to meet the goals and objectives 
of these inland owners and growers. By providing the inland growers with a water supply in lieu of 
groundwater pumping, the PVWMA would create an in-basin bank.  This in-basin bank could be used to 
meet future water needs of the Pajaro Valley. 
 

7.3.3 Watsonville Slough Project with North Dunes Recharge Basin 

Implementation of the Watsonville Slough Project is dependent upon the recommendations of the 
Watsonville Sloughs Resource Conservation and Enhancement Plan currently being completed.  The plan 
is evaluating environmental enhancements and restoration options.  Recommendations included in the 
Resource Conservation and Enhancement Plan could affect the cost effectiveness, availability of water, 
and the feasibility of a water supply project at Watsonville Slough.  If recommendations from the plan are 
favorable, implementation of the project could commence.    
 
The most significant tasks for this project are securing water rights from the SWRCB and ensuring that 
slough water can be successfully percolated and recovered.  The water rights process would require 
coordination with environmental stakeholders such as NMFS, ACOE, CCC, RWQCB, and USFWS.  
These stakeholders would likely require significant environmental mitigation measures to protect 
endangered species and enhance the Slough prior to water rights approval. 
 



Pajaro Valley Water Management Agency 
Revised Basin Management Plan  
 Page 7-14 

 
7.3.4 College Lake Project Implementation 

The College Lake Project is not a viable project at this time due to flood protection evaluations being 
completed by the ACOE.  Construction of the College Lake Project is contingent on completion of the 
flood protection studies and the recommended flood protection measures.  If the evaluations by the ACOE 
recommend the use of College Lake for flood protection, then a multiuse project could be cost effective.  
The ACOE is currently completing outreach efforts and collecting public and stakeholder inputs for a 
planning investigation.  To date, no schedule is available for the completion of the ACOE flood projection 
evaluation.   
 
In addition, the development of College Lake as either a flood control or water supply project will face 
significant environmental issues, particularly as the project would impact steelhead fisheries.  These 
issues would need to be addressed, including securing a water rights permit, prior to project 
implementation.  In 1995, PVMWA applied for a water rights permit for the College Lake Project.  
However protests by several jurisdictional agencies and unresolved issues have resulted in delay of the 
permit being issued.  Securing of the water rights permit would involve resolution of design and 
operations issues identified by the protesting agencies.   
 

7.3.5 Murphy Crossing Project Implementation 

The Murphy Crossing Project is still facing several environmental issues and engineering challenges at 
this time even though the EIR documentation for this project has been certified.  Additional investigations 
requested by the NMFS and DFG would need to be completed before the project could be implemented.    
 
In addition to the environmental and engineering issues, the most practical delivery of water supplied by 
the Murphy Crossing Project would be adjacent to the project via an IDS.  Alternatively, once an import 
pipeline is constructed, water from Murphy Crossing could be conveyed through that pipeline to the CDS.   
 
7.4 Summary of Key Points 

Presented below is a summary of key points of this section. 
 

• The Recommended Alternative will be implemented in multiple phases. 
 

• Implementation of Phase 1 began in 2000 and includes Water Conservation and the Harkins 
Slough Project with supplemental wells along with a portion of the Coastal Distribution System.   
 

• Phase 2 consists of the remaining portion of the Coastal Distribution system, the Import Water 
Project plus inland-alignment turnouts and five supplemental wells, the Recycled Water Project, 
and additional Watershed Management Programs.  
 

• Since the CDS and Recycled Water Project are dependent upon the Import Water Project the 
construction completion date of all three projects is scheduled to coincide in the spring of 2007.   
 

• Watershed Management Programs are integral parts of the Recommended Alternative and consist 
of the Water Metering Program, the Water Resources Monitoring Program, the Nitrate 
Management Program, the Wells Management Program, and the Recharge Area Protection 
Program. 
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• The enhanced Water Metering Program is being implemented; the framework for the Water 

Resources Monitoring Program is currently being developed; the development of the Nitrate 
Management Program, the Wells Management Program, and the Recharge Area Protection 
Program will be developed in Phase 2. 
 

• Potential Future Phases consist of  potential local water-banking projects and potential local water 
supply projects.  An in-basin banking strategy may be needed to address current peak demand 
needs and future increases in water use.  It should increase the long-term reliability and flexibility 
of the system, and provide more secure local control of the CVP supplies.  The implementation of 
Potential Future Phases are contingent upon availability of funding and on future water needs 
within the Pajaro Basin.   
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8 Proposed Rate Plan for Recommended Alternative 

The Recommended Alternative requires an annual source of revenues of approximately $13.9 million to 
support debt payments and annual operations and maintenance costs, including CVP water purchases and 
energy costs.  PVWMA conducted a series of public workshops to evaluate alternative rate approaches 
and to identify water users’ issues of concern.  This approach allowed the PVWMA Board of Directors to 
formulate a recommended rate plan that addressed these concerns. 
 

8.1 Existing Rates and Restrictions 

PVWMA has in place two sources of revenue.  The first is a Management Fee that is levied on a parcel 
basis.  The Management Fee results in annual revenues to PVWMA of approximately $400,000.  The 
Management Fee is presently utilized for overall agency management and funding    
 
The second source of revenue presently utilized by PVWMA is an Augmentation Charge.  The 
Augmentation Charge is based on water use, and is administered primarily through well metering.  The 
Augmentation Charge is limited by the agency’s enabling legislation to 15 percent of the highest rate 
charged by the City of Watsonville.  Based on the City of Watsonville water rate for customers outside 
the City limits, the maximum Augmentation Charge allowed by the enabling legislation is presently 
$162/AF.   
 
The Augmentation Charge is further currently, limited to $50/AF by the passage of Measure D in 1998. A 
popular vote is scheduled for March 2002 to reinstate the legislative authority of PVWMA and remove 
this limitation.  If the election in March is successful, PVWMA would be allowed to raise the 
Augmentation Charge to the limit allowed by the enabling legislation, presently $162/AF.  The limit 
could increase in future years if the City of Watsonville raises rates. 
 

8.2 Alternative Rate Structures 

Several types of rate structures were considered by PVWMA, including: 
 

• Flat Water Rate Structure; 
• Tiered Water Rate Structure; 
• Land Assessment Structure; and 
• Water Rate and Land Assessment Combination Structure. 

 
Flat Water Rate Structure: 
 
A Flat Water Rate Structure would set all water sales at the same price per acre-foot of use.  This rate 
structure is the simplest of all rate structures to understand and administer.  A single water rate would 
apply to all users whether they used one acre-foot per acre or five acre-feet per acre.  In this way a flat 
water rate avoids the administrative task of tracking the number of acres a user is irrigating with a given 
well/meter. 
 
If the PVWMA used a Flat Water Rate Structure, nearly all of its income would come from water sales.  
In years when water sales are less than the assumed long-term average of 64,000 AF, PVWMA revenue 
would be insufficient to cover the annual costs.  To bridge this revenue shortfall, the PVWMA would 
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need to set up a reserve fund.  Bond sellers would probably require such a reserve fund with any of the 
alternative strategies presented herein.  They could require that rates be increased by as much as 20 
percent for the first five years to build up a reserve fund equal to one year’s annualized costs. 
 
Tiered Water Rate Structure: 
 
A Tiered Water Rate Structure would charge progressively higher water rates as the demand of a user 
increases.  For example, the first acre-foot per acre of demand would be at one price, the second acre-foot 
per acre would be at a higher price and the third acre-foot per acre of demand at a still higher price.  If the 
rate tiers were set up to be ‘cascading’, the user of three acre-feet per acre would have one third of its 
water use billed at the lowest rate, one third of its use billed at the middle rate, and one third billed at the 
highest rate.  The water bill for this user would be an average of the three rates. 
 
A tiered structure can also be ‘non-cascading’.  In this case a user of three acre-feet per acre would see its 
entire water bill calculated at the highest tier rate. 
 
For the PVWMA service area, tiered water rates would be developed on the basis of intensity of use (the 
amount of water used per acre of land irrigated).  This basis is needed to account for the wide range in 
agricultural property sizes per water meter in the Pajaro Valley.  Without this mechanism within a tiered 
structure, large property owners would be billed at the highest tier even if they grew crops with low water 
demands. 
 
Use of tiered water rates alone would result in water sales being the sole source of income for the 
PVWMA.  As with a flat rate, a reserve fund would likely be necessary to meet the requirements of bond 
sellers. 
 
Tiered water rates are difficult to understand and administer because the rate tiers would be based on the 
amount of water used per acre of land irrigated.  This would require the PVWMA to track acreage under 
irrigation meter-by-meter. 
 
Land Assessment Rate Structure: 
 
A Land Assessment Rate Structure could be used to raise all or part of the PVWMA annual costs.  As the 
name implies, this source of PVWMA revenue would be an assessment on property.  The assessment 
would be collected on the tax rolls, along with landowner’s annual tax assessment payments.  Because a 
land assessment is collected with the annual tax payment, the PVWMA has a greater assurance of 
receiving payment. Therefore, land assessments often ease the requirements of potential bond sellers.  
Depending upon how much of the costs are recovered by land assessments, the need to set up a reserve 
fund could be waived, or greatly reduced. 
 
Proposition 218 requires that land assessments be based on the benefit that a given parcel derives from the 
project to be funded.  To conform to this requirement, a property-by-property assessment must be made 
and the property owner notified.  The assessed property owners must vote upon the assessment.  Their 
votes are weighted based upon the assessment.  That is, a property that is assessed $1000 would have 
twice the votes of a property that is assessed $500.  A majority protest of the weighted votes would 
disapprove the assessment for all properties assessed. 
 
Because land assessments have to be in direct proportion to the benefits derived by a given property, 
some rationale for assigning benefit must be established.   
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Water Rate and Land Assessment Combinations: 
 
Water rates can be used in combination with land assessments to recover PVWMA costs.  This approach 
would allow a portion of PVWMA costs to be recovered through a land assessment and the remainder 
through water use fees.  Such an approach could be used to implement a policy that property receives a 
benefit due to implementation of a given project that is equal to a portion of a given project’s costs, and 
that the remainder of the project benefits accrue to water users in proportion to the cost of service, and 
should be paid through water use fees. 
 
As with the previous rate discussions, a wide range of combinations could be implemented.   
 

8.3 Alternative Rate Evaluations 

PVWMA evaluated alternative rate structures through a multi-phased public process.  The first phase of 
the process included outreach to a number of affected and interested public groups and workshops with 
the Board of Directors.  This initial phase served to identify the range of potential alternatives and 
constraints associated with each alternative.  PVWMA solicited and received input from a number of 
community interest groups representing a range of agricultural and urban interests.  Flat and tiered rates 
and land-based assessments were discussed, along with combinations of rates and assessments.  This 
phase of the evaluation identified the wide range of perspectives of preferred rate structures, particularly 
the differences of opinion regarding tiered versus flat rates and the desire for some level of land-based 
assessments. 
 
The second phase of the process focused on agricultural water rates since agricultural water users will be 
paying for their proportionate share, or approximately 80 to 85 percent of the project costs.  This phase of 
the water rate evaluation process was used to solicit input from the agricultural community on specific 
alternative rate structures.  An Ad Hoc Agricultural Rate Committee was established by the Board of 
Directors to facilitate input and discussion of alternative rate structures.  The Ad Hoc Committee met 
three times to discuss alternative rate structures.  The majority opinion of the Ad Hoc Committee was a 
recommendation that the PVWMA adopt a differentiated rate structure that charged a higher rate to the 
recipients of delivered project water.  The recommendation was that the recipients of delivered water 
would pay approximately 15 to 25 percent more for water than a grower that pumps ground water.   
 
In addition, a minority opinion of the Ad Hoc Committee identified the potential for a low tier (perhaps 
free) water rate that would be applied to individuals that pumped less than the proportionate sustainable 
yield of the basin.  This proportionate level of sustainable yield was estimated to be the sustainable yield 
of the basin (24,000 AFY) divided by the total acreage within the PVWMA (79,600 acres), or 
approximately 0.3 AFY/acre. 
 
The final phase of the rate evaluation process was undertaken by the Board of Directors through a series 
of public workshops that focused on specific alternative rate structures.  Beginning in December 2001 and 
concluding in January 2002, the Board of Directors conducted three water rate workshops.   
 
The Board workshops included discussion and evaluation of land-based assessments, flat rates, and 
differentiated flat rates.  The Board considered the impacts of the alternative rate structures on both 
agricultural and municipal water users.  The Board selected a differentiated flat rate structure as the basis 
for recovering costs associated with the Recommended Alternative. 
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8.4 Recommended Rate Plan 

The Recommended Rate Plan is a differentiated flat rate that will result in one rate (Augmentation 
Charge) for individuals who pump groundwater, and a second, higher flat rate for individuals who receive 
delivered project water. 
 
California law requires that these charges be based on the cost of service being provided.  For the 
Recommended Alternative, the recommended basis for establishing the cost of service for delivered 
project water and for augmented groundwater is: 
 

1. Recipients of delivered project water will pay the incremental cost of providing delivered project 
water to their properties as established by the incremental cost of constructing, operating and 
maintaining the Distribution System,  
 

2. All water users, including recipients of delivered project water, pay a proportionate share of all 
remaining costs associated with the Recommended Alternative.  

 
Based on the estimated costs of the Recommended Alternative, as presented in Section 6, the proposed 
rate structure would be: 
 

Augmentation Charge $158/AF 
Delivered Water Charge $316/AF  
 

The Augmentation Charge would be increased on an incremental basis, assuming a successful election in 
March 2002.  On this basis, the Augmentation Charge would be increased gradually from its current level 
of $50/AF to $158/AF1.   
 
Upon completion of the project and delivery of project water, the Delivered Water Charge would be 
applied to those water users receiving delivered water.  That is, those water users who stop pumping and 
receive delivered water would move to the higher rate when they receive delivered water. 
 
It should be noted that those water users who continue to pump groundwater will incur costs of 
approximately $92/AF to cover the cost of owning and operating their own wells and pumps.  This cost, 
which is directly borne by the water user, must be considered when calculating the total cost of water for 
these users. Thus, their total cost of water would be approximately $250/AF  ($92 + $158 Augmentation 
Charge). It is this cost that is directly comparable to the Delivered Water Charge of $316/AF that will be 
levied on users of delivered water. 
 
Finally, as discussed in Section 6, the Recommended Alternative would meet peak demand of the CDS if 
the irrigation day were extended from 18 hours to 20 hours.  If this is unacceptable to growers, additional 
in-basin banking projects could be constructed to meet peak demand conditions relative to today’s level 
of water use.  Future projects will have to be funded by all PVWMA water users.  
 
Increases in water supply to meet future water demand above today’s level of use must be addressed 
through future water supply projects, which should be paid for by future water users.  In addition, future 
water users will be asked to ‘buy into’ the infrastructure that was constructed to meet today’s demands. 
Therefore, PVWMA should adopt a rate structure that includes payment of an Impact Fee, which would 
be paid by property owners if they convert or develop lands resulting in increased water demand.  The 
exact nature and amount of the Impact Fee needs to be determined. 
                                                      
1 These rates are expressed in current dollars and would increase in the future with the overall rate of inflation. 
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