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Section 1: Executive Summary 


The Upper VDC Project is a strategic water resources project that will provide numerous 
benefits to Rancho California Water District (RCWD) including the following: 


• Maximizes the use of RCWD’s existing untreated imported water supply capacity 
of 80 cfs.  This reduces RCWD’s dependence on Metropolitan Water District of 
Southern California’s (MWD) imported treated water capacity. 


• Improves the overall sustainability of RCWD’s groundwater supply.  By 
increasing the long-term storage of groundwater replenishment or banking, it 
reduces the threat of short-term water shortage impacts. 


• Maximizes the use of imported untreated water and its lower MWD rate when 
compared to the imported treated water rate, which could vary by over $700/AF 
by the end of the 30-year study period.  Also maximizes the capability to use 
seasonal surplus or replenishment water from MWD when available at a cheaper 
rate. 


• Provides Salt and Nutrient Management Plan benefits by introducing higher 
quality, lower TDS water which would serve to improve the groundwater at the 
downstream end of the basin.  


• Provides the following operational benefits: 
• Eliminates chlorine gas and its related pitfalls 
• Reduces entrained air 
• Improves disinfection residual 
• Optimizes existing facilities 
• Provides an increased inflow into the basin stabilizing and in some 


years increasing water levels in the Pauba and Temecula aquifers 


• Mitigates downstream impacts by reducing recharged water lost to stream flow in 
Temecula Creek and reducing high groundwater affecting liquefaction and leach 
fields 


The current recharge and recovery program at the Upper VDC was implemented in 1998 and 
1999 when imported water from MWD was first available on a regular basis and pumping began 
in local recovery wells.  Since 1999, RCWD has recharged an average of approximately 20.4 
cfs of imported water in the five Upper VDC ponds.  Over that same period, an average of 
approximately 12.0 cfs has been recovered from the four wells, equivalent to approximately 60 
percent of the total water released.  The remaining recharged water bypasses the local recovery 
system and migrates downgradient to additional RCWD offsite production wells.   
 
The recovered water was classified by the California Department of Public Health (CDPH) in 
1996 as untreated surface water and RCWD was required to maintain a 40-foot vadose zone 
beneath the basins.  Because of this requirement, the operation of groundwater recharge and 
well pumping was inefficient.  Operational issues resulted from unsaturated areas in the vadose 
zone suspect to contribute entrained air in the well water production which lead to false 
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positives in turbidity readings.  For this reason, well water production was reduced to minimize 
entrained air.  With years of operational information and sampling data available on the 
performance of the recharge and recovery operations, RCWD applied and was granted a permit 
amendment in May 2011 (PA No. 05-20-11PA-024) eliminating the 40-foot depth-to-
groundwater requirement for the well operations at the Upper VDC.  RCWD then gathered 
additional operational data having the 40-foot depth-to-water requirement removed and asked 
CDPH to reevaluate and reclassify the Upper VDC as groundwater.  RCWD was granted a 
permit amendment in March 2012 (PA No. 05-20-12PA-015) to eliminate groundwater under the 
direct influence of surface water requirements.  This will now allow RCWD to recharge and 
recover larger volumes of water to significantly reduce water supply cost compared to 
purchasing treated water and meanwhile reduce operational and production costs on existing 
operations, which is the focus of this study. 
 


1.1 Project Purpose 
The purpose or goal of this project is to develop an optimized recharge recovery strategy that 
will allow for increased production and improved operations at the Upper VDC.  The strategy will 
incorporate the following considerations: 


• Review existing operational data and permit requirements for possible permit 
amendment to optimize recharge and recovery operations 


• Evaluate alternative conveyance facility plan scenarios to convey this 
increased production of potable water supply from the Upper VDC to the 
distribution system 


• Develop a disinfection improvement plan to accommodate increased 
production 


• Evaluate economics of project alternatives to confirm feasibility of increased 
improvements required to increase production 


• Recommend a capital improvement  program with phasing 


1.2 Recharge and Recovery Optimization (Section 3) 
Todd Engineers, as a subconsultant to Kennedy/Jenks, provided hydrogeologic support for the 
project through the development and application of a numerical groundwater flow model to 
evaluate various recharge and recovery scenarios at the Upper VDC.  Model simulations 
included various recharge areas to distribute recharge water and rates of recharge into Ponds 
U-1, U-2, U-3, and U-5 of the Upper VDC.  Larger recharge rates were applied to the western 
portions of U-2 and U-5, where water table elevations are lower.   
 
Simulations of additional Upper VDC well water production considered the number of new 
pumping wells and their locations necessary to increase total recharge rates, up to 80 cfs.  A 
series of model runs were performed by simulating two new production wells for each run with 
each well pumping at 4.5 cfs (2,000 gpm).  The location of new wells also considered critically 
high groundwater areas beneath and adjacent to the ponds in order to maintain a minimum 
depth-to-water to prevent re-surfacing recharge.  Trial and error was used to adjust well 
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locations and recharge rates in order to maximize total recharge volume.  Table 1-1 lists the 
pond recharge rates and recovery rates for each scenario.  Figures 3-3 through 3-9 found in 
Section 3 of this report provide additional model results.   
 


Table 1-1 
Production and Recharge Rates at Upper VDC 


Scenario No. of New Total Upper  Total Upper  % of Recharge 
No. Production Wells VDC Recharge VDC Pumping Recovered 


 (Onsite/Offsite) (cfs) (cfs) by Wells 
1 0 26 11 43% 
2 2 35 20 57% 
3 4 45 29 65% 
4 6 52 38 74% 
5 8 61 47 77% 
6 10 71 56 79% 
7 12 78 65 83% 
8 0/4 37 29 79% 
9 4/4 54 47 87% 
10 8/4 69 65 94% 
11 0/4 Nearsite 39 29 74% 
12 2/8 Nearsite 60 56 94% 
Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


Modeling results indicate that maximum recharge and recovery can be achieved from the 
operation of additional new wells all located within the Upper VDC site.  Due to space limitations 
however, it may not be feasible to construct all twelve new wells (Scenario 7 above) within the 
Upper VDC site.  Therefore, a combination of new on-site and new off-site wells would be more 
practical to consider.  For the purposes of this study, various recharge and recovery (or 
pumping) rates shown in Table 1-1 were used to represent the production expected at 
maximum production rates based upon the location (Onsite/Offsite) and number of wells 
constructed.   


Scenario 10, having a maximum of 8 new onsite wells and 4 new offsite (“nearsite”) wells and 
with a total pumping rate of 65 cfs, was utilized for the sizing criteria in Section 5 (Facilities 
Planning) and Section 6 (Disinfection Optimization), as this represents the maximum ultimate 
production expected.      


Scenario 12, having a maximum of 2 new onsite wells and 8 new offsite (“nearsite”) wells and 
with a total pumping rate of 56 cfs will be utilized for the economic analysis in Section 7 (Project 
Economic Analysis).  Since a large component of the economic analysis is based on the 
difference between MWD’s treated and untreated water costs, more conservative or lower 
recharge and recovery rates were used, so as to not influence the analysis towards the 
proposed project.    


The Phasing Plan of Section 8 is based on the recommended project and anticipated recharge 
and production rates provided by RCWD staff. 
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1.2.1 Conclusions and Recommendations 
• Recharge can be increased in connection with the operation of additional new wells  


onsite and offsite (“nearsite”) of the Upper VDC; long-term storage therefore can be 
optimized by managing the recharge and recovery rates considering that leakage to 
deeper aquifers occurs at the advantage of creating long-term storage.  In addition, 
onsite pumping of wells will also serve to mitigate risk for liquefaction at the site.   


• Existing well pumping was simulated at a total recharge rate of 26 cfs.  This recharge 
rate is similar to the actual recharge achieved during late summer 2011 of 30 cfs.   


• The summer 2011 recharge event of 30 cfs appeared to increase model-simulated 
baseline water levels in the adjacent creek, whereas model-simulated water levels did 
not cause the creek to rise at 26 cfs.  The simulation suggests that re-surfaced recharge 
in the adjacent creek may not occur at this slightly lower rate.  In addition, loss of 
recharged water to the creek could be avoided with a different distribution pattern of 
recharge within the basin.  


• The relationship between total recharge capacity of the ponds and numbers of 
strategically-located new wells (and associated total production rate) is linear.  If RCWD 
desires to increase recharge capacity, the number of new production wells required can 
be estimated from this relationship. 


• Percent of recharged water recovered is higher with the inclusion of offsite (“nearsite”) 
wells as compared with all wells sited onsite of the Upper VDC, but total recharge 
capacity is reduced.  With all wells sited onsite of the Upper VDC, storage volume of the 
basin is increased and aides recharge.  As stated earlier, however, space limitations 
may prevent construction of all twelve new wells onsite of the Upper VDC site. 


• Baseflow in Temecula Creek may increase adjacent to Pond U-1 for conditions that 
involve increased recharge without additional production wells located south of Ponds U-
1 and U-2; care should be taken during operations not to exceed the actual capacity of 
the aquifer system.    


• Addition of new production wells between Ponds U-1 and U-2 and the creek (such as 
simulated wells W163 and W166), would reduce groundwater levels in this local area 
and reduce the potential for increased baseflow.   


• Between 1994 and 2011, the Upper VDC production wells appear to have experienced 
significant decreases in specific capacity.   This indicates that the wells may need to be 
rehabilitated (re-developed) in order to achieve greater yields, which is currently being 
performed by RCWD. 


• The potential for liquefaction should be considered for future facilities and operation of 
the Upper VDC Ponds. 


• RCWD should develop a well maintenance program for production. 


1.2.2 Recommended Well Maintenance 
A detailed well maintenance program is recommended for RCWD’s production wells.  Routine 
pump tests (every one to two years) are currently performed on the Upper VDC wells to 
evaluate the ongoing efficiency of well pumps.  This frequency is within the recommended range 
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for a well that has not experienced problems such as significant loss in yield or increased 
production of sand.  The pump efficiency tests should continue, supplemented with additional 
monitoring of well performance criteria such as specific capacity. 
 
Once any well problems and successful treatment methods have been identified, a routine well 
maintenance program can be developed that addresses specific problems in the Upper VDC 
wells.  Maintenance steps would likely include the following: 


• Monitoring of specific capacity, sand production, and changes in pump operation such 
as cavitation, vibration, or increased noise 


• Routine inspection of the wellbore through video logging 


• Chemical or mechanical cleaning of well screens 


• Pump efficiency tests 


• Aquifer testing 


1.3 Water Supply and Demands (Section 4) 
The study effort identified the region expected to be supplied by the Upper VDC wells and other 
wells within the Pauba Valley and divided that region into six (6) service areas based upon the 
conveyance system configuration and pump station facilities that convey well water out of the 
base zones (1305 noted as De Portola and 1380 noted as Pauba) and into the various higher 
pressure zones.  These service areas are shown in Figure 4-1 and include the following: 
 


Table 1-2 
Service Areas and Facilities 


Service Area Pressure Zone Conveyance System/Pump Station 
De Portola 1305 De Portola Road/Temecula Parkway TM 
Butterfield 1485 Butterfield Stage Road PS 
Caballos 1790/1880/2070/2350 Los Caballos PS 
Pauba 1380 24" De Portola Road TM 
Alvarez 1550 Alvarez Road PS 
Anza 1610/1790 Anza Road PS 


 


1.3.1 Existing Water Supply 
Production from the Upper VDC currently averages 11.4 cfs from four wells pumping directly 
into the 1305 PZ.  Downgradient from the Upper VDC in the Pauba Valley are additional wells 
producing a total of 18.1 cfs into the 1305 PZ and 8.6 cfs into the 1380 PZ.  Total production 
from all these supply sources is 38.1 cfs, as summarized in Table 1-3. 
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Table 1-3 
Existing Pauba Valley Well Production 


Well Number 
Production 


(cfs) Location 


Pressure Zone 1305 
152 3.1 Upper VDC 
153 2.0 Upper VDC 
157 3.8 Upper VDC 
158 2.5 Upper VDC 


Subtotal 11.4   
123 0.4 Downgradient 
124 0.7 Downgradient 
125 2.0 Downgradient 
126 2.5 Downgradient 
130 2.5 Downgradient 
131 2.5 Downgradient 
132 1.8 Downgradient 
133 1.4 Downgradient 
141 1.0 Downgradient 
151 1.6 Downgradient 
232 1.7 Downgradient 


Subtotal 18.1   


Total 1305 PZ 29.5   


Pressure Zone 1380  
*110 1.8 Downgradient 
149 0.7 Downgradient 
203 1.2 Downgradient 
210 1.3 Downgradient 
233 3.1 Downgradient 
234 0.5 Downgradient 


Total 1380 PZ 8.6   


TOTAL  38.1   


    Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


* Well No. 110 can pump into either the 1380 PZ or 1305 PZ 


1.3.2 Demand 
Existing and projected build-out average day demands (ADD) and maximum day demands 
(MDD) for the six service areas supplied are summarized in Table 1.4.  The total existing MDD 
supplied by the 1305 PZ is 38.9 cfs, and by the 1380 PZ is 19.4 cfs.   
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The build-out maximum day demands occur predominantly within the Alvarez and Anza service 
areas.  The total build-out MDD supplied by the 1305 PZ is 51.1 cfs, and by the 1380 PZ is 59.6 
cfs representing 96% of the total build-out water demand increase, which would be the same 
case for the ADD.   


The total existing maximum day demand of 58.3 cfs for the 1305 PZ and 1380 PZ is greater 
than the total build-out average day demand of 50.3 cfs.  The point to be made with this is that 
as demands approach build-out, the seasonality of the VDC operation changes to year-round 
operation and that operations become more and more constraining on maintenance. The 
existing average day demand allows for basin area to be off line at any one time and dried for 
heavy equipment to enter a pond area to remove vegetation and debris.  As average day 
demands approach build-out flows, having ponds area offline may not be possible without 
reducing production during maintenance and therefore potentially affect average production.  
Operations would therefore need to increase production above the average annual for days in 
order to catch up for the downtime or schedule treated flows from MWD to assist with supply 
during the maintenance period. 


Table 1-4 
Existing and Build-Out Demands 


  Average Day Demand Maximum Day Demand 
  Existing Build-Out Existing Build-Out 


Service Area 
Supply 
From cfs cfs cfs Cfs 


De Portola 1305 Wells 4.1 6.1 9.0 13.3 
Butterfield 1305 PZ 12.3 14.9 27.2 32.9 
Los Caballos 1305 PZ 1.2 2.2 2.7 4.9 


1305 PZ Subtotal 17.6 23.2 38.9 51.1 
Pauba 1380 Wells 3.2 4.2 7.0 9.2 
Alvarez 1380 PZ 1.6 11.8 3.5 25.9 
Anza 1380 PZ 4.0 11.1 8.9 24.5 


1380 PZ Subtotal 8.8 27.1 19.4 59.6 
 TOTAL 26.4 50.3 58.3 110.7 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


1.3.3 Supply versus Existing Demand  
From the reported information presented herein, the 1305 PZ has a total existing supply of 29.5 
cfs and a MDD of 38.9 cfs resulting in a current maximum day supply deficit of 9.4 cfs, as shown 
in Table 1-5.  Therefore, imported water is currently conveyed to the region to augment the 
maximum day demands within and supplied by the 1305 PZ.     


Likewise, the 1380 PZ has a total existing supply of 8.6 cfs and a MDD of 19.4 cfs resulting in a 
current maximum day supply deficit of 10.8 cfs.  Therefore, imported water is currently 
conveyed to the region to augment maximum day demands within and supplied by the 1380 PZ. 
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Table 1-5 
Existing Supply vs Existing MDD 


Pressure 
Zone 


Local Supply  
(cfs) 


Demand  
(cfs) 


Difference 
(cfs) 


1305 29.5 38.9 -9.4 
1380 8.6 19.4 -10.8 
Total 38.1 58.3 -20.2 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


1.3.4 Supply versus Build-Out Demand 
From the reported information presented herein, the 1305 PZ has a total existing supply of 29.5 
cfs and a projected build-out MDD of 51.1 cfs resulting in a projected maximum day supply 
deficit of 21.6 cfs, as shown in Table 1-6.  Therefore, conveyance of imported water supply or 
Upper VDC well supply must be increased to meet the projected shortfall during maximum day 
demands within and supplied by the 1305 PZ.     


Likewise, the 1380 PZ has a total existing supply of 8.6 cfs and a projected build-out MDD of 
59.6 cfs resulting in a supply deficit of 51.0 cfs.  Therefore, conveyance of imported water or 
Upper VDC well supply must be increased to meet the projected shortfall during maximum day 
demands within and supplied by the 1380 PZ.     


Table 1-6 
Existing Supply vs Build-Out MDD 


Pressure 
Zone 


Local Supply 
(cfs) 


Demand 
(cfs) 


Difference 
(cfs) 


1305 29.5 51.1 -21.6 
1380 8.6 59.6 -51.0 
Total 38.1 110.7 -72.6 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


1.3.5 Conclusions 
The existing demands in the region are predominantly met by the local groundwater supplies to 
the 1305 PZ and 1380 PZ.  Those supplies can currently satisfy the existing average day 
demands of this region.  Maximum day demands are augmented with treated imported water.  
As demands increase (particularly in the Anza and Alvarez service areas of this region) these 
supplies will need to be increased.  A goal of this project is to develop an optimized recharge 
recovery strategy allowing for increased production of groundwater supplies from the Upper 
VDC.  The increased production considers additional artificial recharge into the Upper VDC.   


The following Section 5 of this report provides an evaluation of alternative conveyance facility 
improvement scenarios to determine how best to convey an increased supply of Upper VDC 
production to meet the region’s potable water demands. 
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1.4 Facilities Planning (Section 5) 
Kennedy/Jenks utilized the District’s hydraulic model that was previously developed for the 2005 
Water Facilities Master Plan to analyze conveyance capacity and needed facility improvements.  
A maximum flow of 64.9 cfs was considered as the design flow rate to provide potable water 
from the Upper VDC to the 1305 and 1380 Pressure Zones.  In addition to this flow, the existing 
downgradient well supplies shown in Table 1-3 were also considered.   


The maximum flow from the Upper VDC represents the maximum production capacity available 
based on results of the groundwater model simulations (Scenario 10) shown in Table 1-1.  
Kennedy/Jenks utilized the 2005 Water Facilities Master Plan hydraulic model to evaluate 
various conveyance options to produce increased potable water supply from the Upper VDC 
considering existing downgradient wells supplies for the 1305 and 1380 Pressure Zones at the 
projected build-out demands.  Demands were allocated to the pump stations that convey flow to 
the various service areas as shown in Figure 5-1.  The effort was to determine the ultimate 
pipeline sizes and pumping requirements during maximum day demand.  Scenarios considered 
consisted of the following: 


• Scenario 1 – Proposed Upper VDC Well production (64.9 cfs) to be pumped 
directly to the 1305 PZ following centralized disinfection. 


• Scenario 2 – Proposed Upper VDC Well production (64.9 cfs) to be pumped 
directly to the 1380 PZ following centralized disinfection. 


• Scenario 3 - Proposed Upper VDC Well production (64.9 cfs) to be pumped 
to both the 1305 PZ and 1380 PZ following centralized disinfection, with 
surplus supply delivered to the 1305 PZ. 


• Scenario 4 – Proposed Upper VDC Well production (64.9 cfs) with the 
addition of 22.5 cfs (of the 26.7 cfs) downgradient wells conveyed back to 
Upper VDC for centralized disinfection and then pumped to both the 1305 
PZ and 1380 PZ, with surplus supply delivered to the 1305 PZ. 


1.4.1 Scenario 1 
For Scenario 1, the proposed Upper VDC well production of 64.9 cfs is conveyed to the 1305 
PZ following disinfection.  The downstream 1305 PZ and 1380 PZ wells remain plumbed per 
existing conditions resulting in a surplus supply of 31.9 cfs for the 1305 PZ, and a supply deficit 
of 51.0 cfs for the 1380 PZ as shown in Table 1-7.  


Table 1-7 
Scenario 1 - Proposed Supply vs Build-Out Demand 


Pressure 
Zone 


Local 
Supply (cfs) 


Upper VDC 
Supply (cfs) 


Total Supply 
(cfs) 


Demand 
(cfs) 


Difference 
(cfs) 


1305 18.1 64.9 83.0 51.1 31.9 
1380 8.6 0.0 8.6 59.6 -51.0 
Total 26.7 64.9 91.6 110.7 -19.1 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 
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In order to convey 64.9 cfs from the Upper VDC to the 1305 PZ, the following improvements are 
required as shown in Figure 5-2: 


• 1305 Pump Station @ Upper VDC (Q = 65 cfs, TDH = 83 feet, total power 
required = 763 hp, 3+1 pump station with 300 hp/pump)  


• 6,700 LF of 36-inch & 5,500 LF of 42-inch diameter pipeline from Upper VDC 
to Butterfield Stage Road parallel to the existing 36-inch diameter (1305 PZ) 
transmission pipeline.   


1.4.2 Scenario 2 
For Scenario 2, the proposed Upper VDC well production of 64.9 cfs is conveyed to the 1380 
PZ following disinfection.  The local 1305 PZ and 1380 PZ wells remain plumbed per existing 
conditions resulting in a supply deficit of 33.3 cfs for the 1305 PZ, and a surplus supply of 13.9 
cfs for the 1380 PZ as shown in Table 1-8. 


Table 1-8 
Scenario 2 - Proposed Supply vs Build-Out Demand 


Pressure 
Zone 


Local 
Supply (cfs) 


Upper VDC 
Supply (cfs) 


Total Supply 
(cfs) 


Demand 
(cfs) 


Difference 
(cfs) 


1305 18.1 0.0 18.1 51.1 -33.0 
1380 8.6 64.9 73.5 59.6 13.9 
Total 26.7 64.9 91.6 110.7 -19.1 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


In order to convey 64.9 cfs from the Upper VDC to the 1380 PZ, the following improvements are 
required as shown in Figure 5-3: 


• 1380 Pump Station @ Upper VDC (Q = 65 cfs, TDH = 148 feet, total power 
required = 1361 hp, 4+1 pump station with 350 hp/pump) 


• 12,200 LF of 54-inch diameter pipeline from Upper VDC to Butterfield Stage 
Road which will parallel the existing 24-inch diameter (1380 PZ) transmission 
pipeline. 


1.4.3 Scenario 3 
For Scenario 3, the proposed Upper VDC well production of 64.9 cfs is conveyed to both the 
1305 PZ and 1380 PZ with surplus supply to the 1305 PZ.  The downstream 1305 PZ and 1380 
PZ wells remain plumbed per existing conditions resulting in a supply deficit of 19.1 cfs for the 
1305 PZ as shown in Table 1-9. 
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Table 1-9 
Scenario 3 - Proposed Supply vs Build-Out Demand 


Pressure 
Zone 


Local Supply 
(cfs) 


Upper VDC 
Supply (cfs) 


Total Supply 
(cfs) 


Demand  
(cfs) 


Difference 
(cfs) 


1305 18.1 13.9 32.0 51.1 -19.1 
1380 8.6 51.0 59.6 59.6 0.0 
Total 26.7 64.9 91.6 110.7 -19.1 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


In order to convey 64.9 cfs from the Upper VDC to both the 1305 and 1380 PZs, the following 
improvements are required as shown in Figure 5-4: 


• 1305 Pump Station @ Upper VDC (Q = 14 cfs, TDH = 62 feet, total power 
required = 122 hp, 2+1 pump station with 75 hp/pump)  


• 1380 Pump Station @ Upper VDC (Q = 51 cfs, TDH = 163 feet, total power 
required = 1177 hp, 4+1 pump station with 300 hp/pump)  


• 12,200 LF of 42-inch diameter pipeline from Upper VDC to Butterfield Stage 
Road which will parallel the existing 24-inch diameter (1380 PZ) transmission 
pipeline   


• No pipeline improvements are required for the 1305 PZ 


1.4.4 Scenario 4 
For Scenario 4, the proposed Upper VDC Well production (64.9 cfs) and downgradient wells 
(22.5 cfs), with the exception of Wells 124, 126, and 141, are conveyed back to Upper VDC for 
centralized disinfection and conveyed to both the 1305 PZ and 1380 PZ as in Scenario 3.  This 
results in the same supply deficit of 19.1 cfs for the 1305 PZ as shown in Table 1-10.  


Table 1-10 
Scenario 4 - Proposed Supply vs Build-Out Demand 


Pressure 
Zone 


Local 
Supply to 


System (cfs) 


Local Wells to 
Upper VDC for 


Disinfection 


Upper VDC 
Supply 


(cfs) 


Total 
Supply 


(cfs) 
Demand 


 (cfs) 
Difference 


(cfs) 
1305 4.1 13.9 13.9 32.0 51.1 -19.1 
1380 0.0 8.6 51.0 59.6 59.6 0.0 
Total 4.1 22.5 64.9 91.6 110.7 -19.1 
Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


In order to convey a total flow of 87.4 cfs from the Upper VDC to both the 1305 and 1380 PZs, 
the following improvements are required as shown in Figure 5-5: 


• 1305 Pump Station @ Upper VDC (Q = 28 cfs, TDH = 66 feet, total power 
required = 260 hp, 2+1 pump station with 150 hp/pump)  


• 1380 Pump Station @ Upper VDC (Q = 60 cfs, TDH = 155 feet, total power 
required = 1307 hp, 4+1 pump station with 350 HP/pump)  
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• Raw water pipeline from the local 1305 and 1380 wells to the Upper VDC 
disinfection facility and consisting of 550 LF of 12-inch, 500 LF of 16-inch, 
4,335 LF of 24-inch, 4,815 LF of 30-inch, & 1,815 LF of 36-inch diameter 
pipeline 


• 12,200 LF of treated 48-inch diameter water pipeline (1380 PZ) from Upper 
VDC to Butterfield Road which will parallel the existing 24-inch diameter 
(1380 PZ) transmission pipeline  


• No pipeline improvements are required for the 1305 PZ  


1.4.5 Cost Comparison 
Conceptual level construction cost estimates were developed for the pipeline and pump station 
for the purpose of comparing capital costs for each scenario.  The unit costs include 20% for 
engineering, construction management, permitting, and administrative costs, and 20% for 
contingency.  The total project cost estimates (pipelines plus pump stations) are presented in 
Table 1-11 and range from $12.36 million for Scenario 1 to $23.85 million for Scenario 4.  
Scenario 3 has the second lowest construction cost estimate at $14.95 million. 


 
Table 1-11 


Total Project Cost Comparison 


Description Scenario 1 Scenario 2 Scenario 3 Scenario 4 


Pipeline Cost $9,290,000 $12,930,000 $10,070,000 $17,920,000


Pump Station Cost $3,070,000 $4,480,000 $4,880,000 $5,930,000


TOTAL COST $12,360,000 $17,410,000 $14,950,000 $23,850,000
 


1.4.6 Recommendation 
Although Scenario 1 has the lowest total project cost of $12.36 million, it does not resolve the 
supply deficiency of the service areas supplied by the 1380 PZ.  The build-out demands for 
water supplied by the 1380 PZ exceeds the build-out demands for the 1305 PZ in Pauba Valley 
(59.6 cfs to 51.1 cfs).  Therefore, imported water must still be conveyed to the Pauba service 
area of the 1380 PZ, and then pumped to the higher zones. 


Scenario 3, with a total project cost of $14.95 million, provides the most operational benefit to 
RCWD.  This would eliminate the shortage of supply in the Pauba service area and higher 
zones.   


The plan for Scenario 3 would be to construct a single pump station (Q = 65 cfs) at the 
proposed Upper VDC disinfection facility and pump to the 1305 PZ, with a second pump station 
constructed downstream at the Chloramination Facility site location (where the existing Los 
Caballos Pump Station also exists) and to pump (Q = 51 cfs) from the 1305 PZ to the 1380 PZ.  
The pump stations would be phased to meet future demands.  
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1.5 Disinfection Optimization (Section 6) 
There are currently four extraction wells (W152, W153, W157, and W158) with a total 
production of approximately 11.4 cfs located within the Upper VDC site that now operate in 
accordance with an amended permit of March 2012 (PA No. 05-20-12PA-015).  The amended 
permit resulted from efforts by RCWD staff to optimize existing operations and provide lower 
operating cost for the production of potable water at the Upper VDC.  The effort also helped to 
better define treatment requirements necessary to increase production of potable water from the 
Upper VDC.  The optimized operation included re-classification of wells to groundwater, thus 
eliminating the requirements of the Surface Water Treatment Rule (SWTR), and an exemption 
from monitoring when total coliform rule (TCR) bacteriological present monitoring result is 
reported in the distribution system.  The exemption is in conformance with meeting the four-log 
virus removal (inactivation) requirements of the groundwater rule and allowing the District to 
continue production at the Upper VDC during such reporting events and therefore continue 
production of high quality, low cost water.  Savings also include elimination of staff sampling 
time as required to show non-presence of coliform in the Upper VDC wells.   
 
The change from the SWTR included elimination of the slow sand filtration requirement for 
turbidity monitoring at each well site, maintenance of related equipment, staff record keeping, 
and water quality reporting of turbidity to the CDPH.  Removal of the turbidity monitoring 
requirement at each well head eliminates false alarms from entrain air which frequently resulted 
in shutdown of production and significant staff time to bring those facilities back into operation. 


Prior to the permit amendment of March 2012 (noted above), but during the course of this study, 
RCWD staff had received a subsequent permit amendment (PA No. 05-20-11PA-024) from 
CDPH to eliminate the 40-foot depth-to-groundwater requirement, which allowed staff to 
concentrate recharge and improve production.  This aided discussions with CDPH to reclassify 
the wells as groundwater and now provides a foundation of information for future discussion 
with CDPH to maintain the groundwater status pursuant to the March 2012 Permit noted 
previously.  Kennedy/Jenks provides a disinfection strategy herein that would accommodate a 
classification of surface water under the direct influence for the centralized chlorine contactor at 
ultimate production pursuant to original domestic water supply permit (04-14-96P-016) and 
permit amendments (05-20-08PA-005 and 05-20-11PA-024).  The purpose of which is to report 
the alternative cost, of complying with the SWTR and therefore to report the savings with 
maintaining the groundwater classification.  A review of the classification with CDPH is 
anticipated during subsequent permit amendments required to implement the proposed VDC 
improvements.  This study provides information on complying with the SWTR and associated 
capital improvement cost for planning purposes only.  


Currently chlorine gas is used to disinfect water produced at each well site.  Ammonia is added 
at the downstream Chloramination Facility located on the Los Caballos Pump Station site prior 
to delivery into the 1305 Pressure Zone.  RCWD will continue to disinfect at each well site until a 
centralized disinfection facility is constructed, at which point the disinfection facilities at each 
well site will become backup chlorine generation during periods of centralized facility 
maintenance and emergency outage.  
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1.5.1 Upper VDC Disinfection Treatment Capacity Scenarios 
Prior efforts completed by RCWD have been the conversion of disinfection treatment at the 
Upper VDC from free chlorine to chloramines.  The purpose of which was to match the supply 
from MWD and therefore improve operational efficiency.  RCWD’s plans for the near future are 
to eliminate the use of gas chlorine at each of the Upper VDC wells and replace that chlorine 
supply with a centralized on-site sodium hypochlorite generation system that will feed a 
centralized treatment system or chlorine contactor.  However, an immediate improvement at the 
Upper VDC will be to replace the gas chlorine at each of the Upper VDC wells with on-site 
sodium hypochlorite generation systems at each of the Upper VDC wells.  The immediate 
benefit of eliminating the use of gas chlorine will be a reduction in operation and maintenance 
costs.  Implementing sodium hypochlorite generation systems will also eliminate the hazards 
associated with transport of and risk of potential human exposure to chlorine gas.  For the 
Upper VDC wells, the upgrade will add additional benefit to RCWD with increased operational 
flexibility by allowing additional production of disinfectant and position RCWD to increase water 
produced from increased recharge having the higher capacity to dose chlorine.  In the future, 
the improvement to the disinfection system will serve as back-up to the centralized treatment 
system, thereby reducing sizing requirement on that facility.  


The centralized treatment system will consider the proposed on-site generation facilities to be 
located at each of the Upper VDC well sites along with the proposed future wells of the Upper 
VDC (Flow Scenario No. 1) and potentially the existing wells downstream in the area by piping 
those downstream wells back to the Upper VDC (Flow Scenario No. 2). 


• Flow Scenario No. 1 = 64.9 cfs 


• Flow Scenario No. 2 = 87.4 cfs 


Flow Scenario No. 1 represents the maximum Upper VDC pumping capacity based on the 
results of the groundwater model simulations (Scenario 10) shown in Table 1-1.  Flow Scenario 
No. 2 includes the addition of downstream well capacity of 22.5 cfs considered for delivery back 
to the Upper VDC. 


Based on the preliminary screening of chlorine contactor systems having four serpentine cast-
in-place concrete basins, the two flow scenarios were evaluated in more detail.  Two 
alternatives for each of the two flow scenarios were developed: alternatives 1A and 1B for Flow 
Scenario No. 1 with a maximum flow of 64.9 cfs and baffling factors of 0.60 and 0.65, 
respectively and alternatives 2A and 2B for Flow Scenario No. 2 with a maximum flow of 87.4 
cfs and baffling factors of 0.60 and 0.65, respectively.  A summary of the serpentine basin 
alternatives is presented in Table 1-12. 
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Table 1-12 
Comparison of Serpentine Basin Chlorine Contactor Alternatives 


Description Flow Condition No. 1 Flow Condition No. 2 
Alternative 


1A 
Alternative 


1B 
Alternative 


2A 
Alternative 


2B 
Maximum Flow, cfs 64.9 64.9 87.4 87.4 


Baffling Factor 0.60 0.65 0.60 0.65 


Depth (to Weir), ft 15.0 15.0 18.0 16.0 


Width per Cell, ft 18.0 16.0 19.0 17.5 


Length to Width Ratio 17:1 20:1 17:1 21:1 


Total Contactor Volume, gal 698,800 641,200 938,800 859,100 


CT Contactor Volume, gal 622,100 574,800 837,700 773,200 


Inlet Pipeline, inches 48 48 60 60 


Expansion Size at Inlet, inches 72 72 84 84 


Overflow Weir Length, ft 55.5 53.0 58.5 58.5 


Pumping Forebay Volume, gal 100,000 100,000 130,000 130,000 


Total Project Cost $1,895,000 $1,837,000 $2,270,000 $2,175,000 


 


1.5.2 Recommended Centralized Chlorine Contactor Design 
The recommended treatment facility will include a serpentine cast-in-place concrete contactor 
(Alternative 1B for 64.9 cfs and Alternative 2B for 87.4 cfs).  The serpentine basin design was 
screened as the most effective design based on preliminary screening of 10 alternative layouts, 
and further optimized based on depth and length to width ratios.  The recommended 
alternatives are estimated to have a baffling factor of 0.65 or better based on conceptual 
estimates.  Detailed CFD modeling during preliminary design will help simulate the contactor 
hydraulics more accurately, which could result in a baffling factor as high as 0.70.   


The conceptual design for Alternative 1B includes a chlorine contactor CT volume of 574,800 
gallons and a total volume of 641,200 gallons when the exit weir section is included.  The 
maximum operating depth is 15.0 feet and the width of each contactor chamber is 16.0 feet.  
The overall length to width ratio is 20:1.  The exit weir length of 53.0 feet will result in a depth 
over the weir of 0.51 feet at the maximum flow rate of 64.9 cfs.  The total project costs for 
Alternative 1B is $1,837,000. 
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The conceptual design for Alternative 2B includes a chlorine contactor CT volume of 773,200 
gallons and a total volume of 859,100 gallons when the exit weir section is included.  The 
maximum operating depth is 16.0 feet and the width of each contactor chamber is 17.5 feet.  
The overall length to width ratio is 21:1.  The exit weir length of 58.5 feet will result in a depth 
over the weir of 0.60 feet at the maximum flow rate of 87.4 cfs.  The total project costs for 
Alternative 2B is $2,175,000. 


1.6 Project Economic Analysis (Section 7) 
The purpose of this section is to report on the project economic feasibility by comparing the 
purchase of treated water from MWD and maintaining the Upper VDC current operations and 
production levels.  Scenario 12 of the groundwater model simulations, as shown in Table 1-1 
with a recharge rate of 60 cfs and a production rate of 56 cfs, was utilized for the economic 
analysis as this represents the lower range of the anticipated recharge and production rates.  
The conservatively lower recharge and recovery rates were used, so as to not influence the 
analysis towards the proposed project.   


The following is a summary of the recommended improvements resulting from Sections 5 and 6 
and the well improvements proposed for purposes of the economic analysis, and shown in 
Figure 7-1: 


• Production Wells – Consists of constructing ten new production wells with a 
capacity of approximately 4.5 cfs (2,000 gpm) per well.  Two wells will be located at 
the Upper VDC recharge facilities near the Vail Lake Pump Station, and eight offsite 
(“near-site”) wells located adjacent to the Upper VDC recharge facilities.  At full 
capacity, the production of the ten proposed wells and four existing Upper VDC wells 
is approximately 56 cfs with a recharge rate of approximately 60 cfs, per Table 1-1, 
as determined by Todd Engineers.  Site acquisition is expected to be required for 
seven wells and for purposes of this analysis, the wells will be constructed over five 
years consisting of two new wells per year.  The purpose of phasing will be to 
monitor aquifer response to additional recharge and reaffirm proposed future well 
locations.     


• Yard Piping – Consists of discharge piping (16-inches to 36-inches) from the 
proposed wells to the chlorine contact tank (CCT) and a new 48-inch diameter 
potable pipeline from the proposed 1305 Pump Station, located at the Upper VDC, to 
the proposed Los Caballos II Pump Station (1380 PZ), located at the existing Los 
Caballos Pump Station site.  The existing piping will be utilized for routing existing 
wells to the CCT.    


• Chlorine Contact Tank (CCT) – A cast-in-place concrete serpentine tank will 
provide centralized disinfection for the existing and proposed wells at the Upper VDC 
facility and provide the necessary disinfection contact time for compliance with the 
water supply permit.  In the event that CDPH reclassifies the existing Upper VDC 
wells and classifies the proposed wells as groundwater and not groundwater under 
the influence of surface water, the CCT may not be required.            
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• On-Site Sodium Hypochlorite (NaOCl) Generation Facility – Chlorine disinfection 
will consist of an on-site sodium hypochlorite generation system including a salt tank, 
NaOCl tank, water softener, chemical metering pumps, and piping.  All equipment 
will be located in a CMU block building.     


• Existing Chloramination Facility – Ammonia will be added at the existing 
chloramination facility located at the Los Caballos Pump Station site to produce 
chloramines.  Based on the projected flow of 56 cfs, the existing ammonia storage 
will provide approximately 37 days of storage at a dosage rate of 0.5 mg/l.  
Therefore, the existing ammonia storage is adequate.  It is assumed that new 
chemical metering pumps and piping will be required.          


• 1305 Pump Station – Disinfected water from the CCT is conveyed to the 1305 PZ 
with a proposed 1305 PZ Pump Station.  The pump station will be located at the 
CCT.  The pump station will be equipped with 4-200 hp motors (Q = 56 cfs, TDH = 
53 feet).  It is assumed that only the electrical equipment will be housed in the CMU 
building of the On-Site Sodium Hypochlorite Generation Facility.   


• 1380 Pump Station – Conveys potable water from the 1305 PZ to the 1380 PZ and 
will be located at the existing Los Caballos Pump Station site.  The pump station will 
be phased as demands increase to require additional supplies.  The pump station 
will be equipped with 5-250 hp motors (Q = 51 cfs, TDH = 110 feet).  It is assumed 
that only the electrical equipment will be housed in a CMU building. 


• Transmission Pipeline – Approximately 12,200 linear feet of a new 42-inch 
diameter transmission pipeline (1380 PZ) will be constructed within De Portola Road 
from the proposed 1380 Pump Station to Anza Road and be configured to be 
operated in the 1305 PZ until such time the pipeline is needed to increase 
conveyance in the 1380 PZ.   


1.6.1 Project Costs 
The total costs for the Upper VDC Project including untreated water purchases, amortized 
capital costs (interest rate assumed at 4.5%), and operating and maintenance costs over a 30-
year planning period is approximately $1.51 billion as summarized in Table 1-13.  The cost of 
purchasing MWD treated water over this same period is approximately $1.83 billion.  The 
proposed Project results in an avoided cost of approximately $319 million over a 30-year 
planning period.  A detailed cost summary is provided in Table 1 of Appendix C.  
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Table 1-13 
Project Cost Summary 


Costs 
Upper VDC 


Project 
Treated Water 


Alternative Difference 
Untreated Water Purchases $1,221,000,000 $0 -$1,221,000,000
Treated Water Purchases $0 $1,826,000,000 $1,826,000,000
Capital Costs (Amortized) $97,880,000 $0 -$97,880,000
O&M Costs $188,000,000 $0 -$188,000,000


Total Costs $1,507,000,000 $1,826,000,000 $319,000,000
 


1.6.2 Sensitivity Analysis 
The financial viability of the Project is dependent on the difference between MWD’s untreated 
and treated water rates and the recharge/production rate of the Upper VDC Project.  The total 
projects costs and resultant savings are based on MWD’s rate projections through Year 2016, 
and an annual growth rate of 3.0% for untreated and treated water for Year 2017 through Year 
2043.  By the end of the 30-year planning study, the difference between untreated and treated 
water rates is $713/AF. 


In order to evaluate the effect of MWD’s (untreated and treated) rate escalation would have on 
the viability of the Project, other annual MWD escalation rates of 2%, 1%, and 0% were 
considered for Year 2017 through Year 2043.  The total project costs based on varying MWD 
escalation rates are summarized in Table 1-14. 


Table 1-14 
Project Costs based on Varying MWD Rate Increases  


 Recharge = 60 cfs (43,135 AFY) 
Costs 3% MWD 2% MWD 1% MWD 0% MWD 


  Rate Increase Rate Increase Rate Increase Rate Increase 
Untreated Water Costs $1,221,000,000 $1,057,000,000 $919,000,000 $804,000,000
Capital Costs (Amortized) $97,880,000 $97,880,000 $97,880,000 $97,880,000
O&M Costs $188,000,000 $188,000,000 $188,000,000 $188,000,000
Total Costs (Rounded) $1,507,000,000 $1,343,000,000 $1,205,000,000 $1,090,000,000
Treated Water Costs $1,826,000,000 $1,581,000,000 $1,375,000,000 $1,203,000,000
Difference $319 Million $238 Million $170 Million $113 Million


 
The economic analysis is based on Todd Engineers Scenario 12 with ten new wells in 
combination with the existing Upper VDC wells will result in an annual recharge rate of 60 cfs 
and a pumping rate of 56 cfs.  In the event that RCWD is only able to recharge the Upper VDC 
at 67-percent of the projected recharge rate, or 40 cfs, and with MWD rates escalating at only 
1%, the project is still viable after constructing all improvements as shown in Table 1-15. 
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Table 1-15 
Project Costs based on Varying MWD Rate Increases & Recharge Rate 


Costs 3% MWD Rate Increase 1% MWD Rate Increase 
   @ 60 cfs Recharge @ 40 cfs Recharge 


Untreated Water Costs $1,221,000,000 $637,860,000
Capital Costs (Amortized) $97,880,000 $97,880,000
O&M Costs $188,000,000 $188,000,000
Total Costs (Rounded) $1,507,000,000 $924,000,000
Treated Water Costs $1,826,000,000 $954,000,000
Difference $319 Million $30 Million


 


1.6.3 ‘No Project’ Alternative 
Should RCWD maintain current operations and production levels (“No Project” Alternative) and 
recharging approximately 26 cfs of untreated water with a production rate of 11 cfs throughout 
the same 30-year planning period rather than constructing additional recharge and conveyance 
facilities, the total costs is approximately $1.63 billion as summarized in Table 1-16.  The costs 
include untreated and treated water purchases, well maintenance, and operational costs.  The 
proposed Project therefore results in a cost savings of approximately $120 million over a 30-
year planning period over the ‘No Project’ alternative.  A detailed cost analysis is provided in 
Table 2 of Appendix C.  


Table 1-16 
Project Cost Summary 


Costs 
Upper VDC 


Project 
‘No Project’ 
Alternative Difference 


Untreated Water Purchases $1,221,000,000 $552,000,000 -$669,000,000
Treated Water Purchases $0 $1,000,000,000 $1,000,000,000
Capital Costs (Amortized) $97,880,000 $3,100,000 -$94,780,000
O&M Costs $188,000,000 $72,000,000 -$116,000,000


Total Costs $1,507,000,000 $1,627,000,000 $120,000,000
 


1.6.4 Feasibility 
RCWD has already invested in the facilities necessary to convey 80 cfs of untreated MWD 
water from EM-21 to the Upper VDC recharge facilities which include an 80 cfs turnout and a 
48-inch diameter raw water pipeline.  With the recent amendment by CDPH to remove the 40-
foot depth to groundwater requirement and subsequent reclassification as groundwater, RCWD 
can maximize the natural aquifer treatment system at the Upper VDC recharge facilities and its 
prior investments to realize substantial avoided costs.  These total savings range from 
approximately $113 million to $319 million over 30 years based on MWD’s long-term water 
rates.  Based on an expected payback period of eight years, the Project is economically feasible 
as shown in Table 1 of Appendix C.    
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1.7 Upper VDC Phasing Plan (Section 8) 
The proposed improvements of the Upper VDC will be phased and considered incrementally in 
connection with operational experience from monitoring aquifer and pumping responses to 
additional recharge.  In addition, improvements will be keyed to water demands increases within 
the region requiring the additional water supply.  For the phasing proposed at this time, the plan 
is based on constructing two wells in one year, and then monitoring production for one year 
prior to drilling the next set of wells.  The idea would be that either growth in the region occurs to 
require additional water supply or the additional water supply would be transmitted to areas 
beyond the study area region, but within RCWD, to offset other MWD treated water sources.  
The phasing plan shall consist of four phases, Phase I (Existing) through Phase IV (Ultimate), 
and include an operational strategy and recommended capital improvement for each phase.  
The Phasing Plan is based on anticipated recharge and production rates provided by RCWD 
staff. 


Phase I of the Upper VDC Project consists of modifying the existing operation at the Upper VDC 
to increase recharge from 20 cfs to 25 cfs, rehabilitating the existing wells, and converting 
disinfection from gaseous chlorine to on-site sodium hypochlorite generation.  Phase I is 
expected to occur from 2012 through 2013.    


Phase II of the proposed Upper VDC improvements, as shown in Figure 8-1, consists of 
modifying the berms and constructing a portion of the recharge piping, and constructing new 
production wells to increase the recharge rate to 30 cfs to 40 cfs, depending upon the number of 
wells constructed.  Consideration will be made to equip previously constructed Well 154 and re-
drill Well 116 at the existing well sites, and then construct at minimum one additional well for an 
increase of total production ranging from 18 cfs to 26 cfs from the Upper VDC.  The proposed 
Los Caballos II Pump Station will be constructed at the existing Los Caballos Pump Station site 
to convey water from the Upper VDC (1305 Pressure Zone) to the 1380 Pressure Zone.  Phase 
II construction is expected to occur from 2014 through 2015 with design of the berms, recharge 
piping and the Los Caballos II Pump Station completed by October 2013.    


Phase III of the Upper VDC improvements consists of constructing additional well pads for new 
wells within the Upper VDC and complete recharge piping, and constructing new production 
wells and associated discharge piping, as shown in Figure 8-2, to increase the recharge rate to 
40 cfs to 50 cfs, depending upon the number of wells constructed.  Additional wells will be 
constructed to result in total production of 26 cfs to 32.5 cfs from the Upper VDC wells.  A new 
chlorine contact tank (CTT) and centralized treatment facility will be constructed at the Upper 
VDC to provide centralized disinfection of the Upper VDC wells.  It is likely the proposed CCT 
will be eliminated from the plan as RCWD staff will work with CDPH to maintain the groundwater 
classification.  The proposed 1305 Pump Station and associated transmission pipeline will be 
constructed to convey flow from the CCT or centralized treatment facility to De Portola Road.  
Phase III is expected to occur from 2016 through 2019.    


Phase IV or the ultimate operation consists of constructing new production wells, as shown in 
Figure 8-3, to increase the recharge rate to 50 cfs to 60 cfs, depending upon the number of 
wells constructed.  Additional wells will be constructed to result in total production of 32.5 cfs to 
42 cfs from the Upper VDC wells.  A new chlorine contact tank may be constructed off-site to 
provide centralized disinfection of the downgradient wells.  Phase IV is expected to occur from 
2020 through 2043.   
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A summary of recharge and recovery along with the phased capital and operational costs are 
presented in Table 1-16.    


Table 1-16 
Project Phase Summary 


Description Phase I Phase II Phase III Phase IV 
Vail Lake Releases (cfs) 5.5 5.5 5.5 5.5 
Untreated Water Recharge (cfs) 25 30 - 40 40 - 50 50 - 60 
Upper VDC Production (cfs) 15 18 - 26 26 - 32.5 32.5 - 42 
Recovery % 60 60 - 65 65 65 - 70 
Downstream GW Benefit (cfs) 15.5 17.5 - 19.5 19.5 - 23 23 - 23.5 
Downstream Banking (cfs) 0.65 0.58 - 1.2 3.5 - 5.5 5.5 
Year(s) 2012 - 2013 2014 - 2015 2016 - 2019 2020 - 2043 
Capital Costs $4,785,000 $15,410,000 $30,472,000 $17,337,000 
Total Amortized Costs $471,000 $2,359,000 $11,951,000 $104,683,000 
Total O&M Costs $2,309,000 $3,767,000 $12,279,000 $201,142,000 
Untreated Water Costs $21,135,000 $35,843,000 $97,959,000 $1,081,373,000 
Total Costs $23,915,000 $41,969,000 $122,189,000 $1,387,198,000 
Treated Water Costs if RCWD 
did not implement this program $30,074,000 $53,590,000 $146,560,000 $1,617,881,000 
Cost Savings $6,160,000 $11,621,000  $24,370,000  $230,700,000  
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Section 2: Introduction 


Rancho California Water District (RCWD) operates the Valle de Los Caballos Upper 
Recharge/Recovery Facility (Upper VDC) to provide a sustainable groundwater supply.  The 
Upper VDC is located along the upper reach of the Temecula Creek, approximately 2.5 miles 
downstream of Vail Lake.  The ponds consist of five recharge basins with a recharge area of 
approximately 115 acres and designated as U-1 through U-5, as shown in Figure 2-1.  The 
ponds are surrounded by earthen berms approximately 3 feet to 15 feet in height.  Four active 
production wells (W152, W153, W157, and W158) are located on the berms surrounding the 
ponds and are continuously pumped to recover recharged water.     


The current recharge and recovery program at the Upper VDC was implemented in 1998 and 
1999 when imported water from Metropolitan Water District of Southern California (MWD) was 
first available on a regular basis and pumping began in local recovery wells.  Since 1999, 
RCWD has recharged an average of approximately 20.4 cubic feet per second (cfs) of imported 
water in the five Upper VDC ponds.  Over that same period, an average of approximately 12.0 
cfs has been recovered from the four wells, equivalent to approximately 60 percent of the total 
water released.  The remaining recharged water bypasses the local recovery system and 
migrates downgradient to additional RCWD offsite production wells.  Chlorine gas is used to 
disinfect the water at each Upper VDC well site.  Ammonia is added at the Chloramination 
Facility located on the Los Caballos Pump Station site to produce chloramines prior to entering 
RCWD’s 1305 Pressure Zone.   
 
The recovered water was classified by the California Department of Public Health (CDPH) in 
1996 as untreated surface water and RCWD was required to maintain a 40-foot vadose zone 
beneath the basins.  Because of this requirement, the operation of groundwater recharge and 
well pumping was inefficient.  Operational issues resulted from unsaturated areas in the vadose 
zone suspect to contribute entrained air in the well water production which leads to false 
positives in turbidity readings.  For this reason, well water production was reduced to minimize 
entrained air.  With years of operational information and sampling data available on 
performance of the recharge and recovery operations, RCWD applied and was granted a permit 
amendment in May 2011 (PA No. 05-20-11PA-024) eliminating the 40-foot depth-to-
groundwater requirement for the well operations at the Upper VDC.  RCWD then gathered 
additional operational data having the 40-foot depth-to-water requirement removed and asked 
CDPH to reevaluate and reclassify the Upper VDC as groundwater.  RCWD was granted a 
permit amendment in March 2012 (PA No. 05-20-12PA-015) to eliminate groundwater under the 
direct influence of surface water requirements.  This will now allow RCWD to recharge and 
recover larger volumes of water to significantly reduce water supply cost compared to 
purchasing treated water and meanwhile reduce operational and production costs on existing 
operations, which is the focus of this study. 
 


2.1 Project Purpose 
The purpose or goal of this project is to develop an optimized recharge recovery strategy that 
will allow for increased production and improved operations at the Upper VDC.  The strategy will 
incorporate the following considerations: 
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• Review existing operational data and permit requirements for possible permit 
amendment to optimize recharge and recovery operations 


• Evaluate alternative conveyance facility plan scenarios to convey this 
increased production of potable water supply from the Upper VDC to the 
distribution system 


• Develop a disinfection improvement plan to accommodate increased 
production 


• Evaluate economics of project alternatives to confirm feasibility of increased 
improvements required to increase production 


• Recommend a capital improvement  program with phasing 


2.2 Contents 
This report is comprised of the following sections: 


• Section 1 – Executive Summary 


• Section 2 – Introduction 


• Section 3 – Recharge and Recovery Optimization 


• Section 4 – Water Supply and Demands 


• Section 5 – Facilities Planning 


• Section 6 – Disinfection Optimization 


• Section 7 – Project Economic Analysis 


• Section 8 – Capital Improvement Phasing 


• Appendix A – Modeling Results 


• Appendix B – Review of Preliminary Clearwell Designs by Flow Science 


• Appendix C – MWD Long-Term Estimated Rates and Project Costs 


• Appendix D – Phasing Costs 
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Section 3: Recharge and Recovery Optimization 


Todd Engineers, as a subconsultant to Kennedy/Jenks, provided hydrogeologic support for the 
project through the development and application of a numerical groundwater flow model to 
evaluate various recharge and recovery scenarios at the Upper VDC.  The methodology and 
results of this effort were documented in two technical memoranda.  The first technical 
memorandum (referred to herein as TM-1) described the hydrogeologic conceptual model and 
documented the development and calibration of the numerical model (Todd Engineers, May 
2011).  The second technical memorandum (TM-2) summarized the application of the model to 
analyze various optimization scenarios of increased recharge and production both locally and 
downgradient of the Upper VDC Ponds (Todd Engineers, November 2011).  In addition, Todd 
Engineers aided discussions with CDPH for completing an understanding of flow contributions 
and travel time of native versus imported versus stream flows.  This section summarizes the 
work presented in TM-1 and TM-2.  Figures and tables are presented at the end of this section.   


3.1 Development of the Local-Scale Numerical Model 
A local scale numerical groundwater flow model (local model) was developed for the Upper 
VDC Ponds to evaluate the groundwater response under a variety of operational scenarios.  
The local model builds on the conceptual model and incorporates components from a regional 
groundwater flow model covering all of the Murrieta-Temecula Groundwater Basin previously 
developed and updated by Geoscience (2003).  The objective of the local scale numerical 
model was to provide an accurate predictive tool with which to estimate water level changes 
resulting from various recharge and pumping schedules.   
 
The MODFLOW model was constructed using the GMS System v7.1 to represent flow in the 
Alluvial, Pauba, and Temecula aquifers.  Although all three aquifer systems were included, the 
focus was on the unconfined Alluvial aquifer and the response of the water table to recharge 
and pumping.  To the degree possible, layer design of the local scale numerical model (layer top 
and bottom elevations) was consistent with the updated regional model.  The local MODFLOW 
model comprises five layers and uses essentially the same aquifer layer top and bottom 
elevations as the regional model for the layers representing the Alluvial (unconfined), Pauba 
(partially confined) and Temecula (confined) aquifers.  The model boundary that was developed 
for the project is shown on Figure 3-1.   
 
The model was well-calibrated within ASTM guidelines. Based on the calibrated model, an 
additional steady-state model was constructed to provide an efficient tool for evaluating 
numerous optimization scenarios.  A detailed description of the conceptual model and 
construction and calibration of the numerical model is provided in TM-1.  Conclusions from TM-1 
relating to the hydrogeologic conceptual model and the development and calibration of the 
numerical models are provided below: 


• Groundwater mounding and pumping depressions in the Alluvial aquifer beneath the 
Upper VDC Ponds were well-simulated in the local scale numerical model, confirming its 
suitability for use in evaluating alternative recharge and recovery scenarios at the ponds.  


• Large vertical gradients between the Temecula Aquifer and shallower units indicate that 
the Temecula aquifer is relatively hydraulically isolated from the overlying Alluvial and 
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Pauba aquifers; low vertical hydraulic conductivities were simulated in model transition 
Layers 3 and 4 to limit the rate of leakage from Layer 2 to Layer 5. 


• The final model calibration is reasonable, indicating that the model can be used to 
predict sustainable recharge and recovery rates under future recharge and pumping 
conditions.   


• Simulated flowpaths under historical conditions indicate that recharge water is captured 
by local recovery wells or downgradient production wells in both shallow and deep 
aquifers. 


• Water recharged in ponds U-1 through U-4 is mostly captured by local recovery wells, 
but some percentage of water bypasses local wells and migrates downgradient in the 
Alluvial aquifer or deeper aquifers.  


• Some portion of the recharged water leaks vertically to deeper aquifers.  A larger portion 
of leakage is observed during times of larger vertical hydraulic gradients such as in 2005 
when water levels in the Temecula Aquifer had declined and water levels in the Alluvial 
Aquifer were relatively high.  


• Water released into U-1 appears to be captured mostly by W157, although some portion 
is also captured by W152 and W158. 


• Water released into U-2 is captured mostly by W153, although a small portion also 
appears to be recovered in W152 and W157. 


• Released water into U-3 flows toward W152 and W157, although some of this water also 
appears to migrate westerly away from the pond. 


• Water released into U-4 flows toward W152, with some component of flow migrating to 
W153 and downgradient from the ponds.  


• Released water into U-5 appears to flow downgradient of the ponds to downgradient 
wells.  Additional water could likely be released into U-5 without adversely impacting 
current operations.   


• Travel times from recharge areas to recovery wells vary significantly from approximately 
30 days to more than 120 days in the pond area.  Travel times to some downgradient 
wells exceed several years.  


3.2 Recharge and Pumping Optimization Evaluation 
Pond capacity, existing infrastructure, and the availability of water collectively indicated that 
additional water could be recharged at the Upper VDC Ponds. The local scale MODFLOW 
model was used to evaluate the aquifer response under a variety of operational scenarios to 
develop concepts for optimization.  
 
Recharge rates at the Upper VDC Ponds are limited by the pond areas, ponding depth, and 
vertical and horizontal hydraulic properties of the soil and aquifer beneath and adjacent to the 
ponds.  Groundwater production creates additional unsaturated storage volume and induces 
larger hydraulic gradients, locally accelerating infiltration of recharged water.   If recharge rates 
exceed the ability of production wells and the aquifer system to accept the recharge, water table 
elevations will rise to the ground surface. 
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The recharge and pumping scenarios accounted for minimum depth to water, maximum well 
pumping capacity, and maximum recharge rate criteria.  Various criteria for shallow water levels 
were developed over the area to maintain infiltration rates, prevent increased baseflow in 
Temecula Creek, and to protect nearby structures from potential liquefaction.  
 
Using the calibrated model, optimized Upper VDC Ponds recharge and pumping rates were 
simulated.  Model simulations included various distributions and rates of recharge via Ponds U-
1, U-2, U-3, and U-5, with larger rates applied to the western portions of U-2 and U-5, where 
water table elevations are lower.  Figure 3-2 shows the simulated Pond recharge subareas. 
Simulations were performed first using only the existing four Upper VDC production wells 
pumping at current capacities.  Additional simulations added two new production wells at a time 
in critical high water table areas, up to 12 new wells.  New wells were simulated at pumping 
rates of 4.5 cfs (2,000 gpm) each, with 95 percent of the flow allocated to the Alluvial aquifer 
(Model Layer 1) and five percent allocated to the Pauba aquifer (Model Layer 2).  Simulations of 
potential new wells included both local (Pond area) locations and downgradient locations in the 
area of Pauba Road.  Local wells provided short-term storage and created increased recharge 
capacity.  Offsite wells provide for long-term storage, increasing the reliability of the 
groundwater system. Figure 3-2 shows the locations of the existing and simulated new 
production wells.    


3.2.1 Optimization Modeling Results 
Model runs were developed to analyze optimization concepts sequentially.  First, the capacity of 
the Upper VDC Ponds was analyzed with the existing recovery wells to develop a baseline of 
recharge rates that could be accomplished under existing conditions.  Next, additional onsite 
recovery wells were simulated to evaluate the additional amount of recharge that could be 
achieved with additional wells on an incremental basis.  Finally, additional offsite production 
wells were simulated to improve the capture of recharge water while providing for long-term 
storage in the aquifer.  
 
Simulations of additional Upper VDC well water production considered the number of new 
pumping wells and their locations necessary to increase total recharge rates, up to 80 cfs.  A 
series of model runs were performed by simulating two new production wells for each run with 
each well pumping at 4.5 cfs (2,000 gpm).  The location of new wells also considers critically 
high groundwater areas beneath and adjacent to the ponds in order to maintain a minimum 
depth-to-water to prevent re-surfacing recharge.  Trial and error was used to adjust well 
locations and recharge rates in order to maximize total recharge volume.  Table 3-1 lists the 
pond recharge and recovery rates and volumes for each scenario, and Figures 3-3 through 3-8 
show the model results for additional local well production and recharge.   
 
A final scenario. Scenario 12, simulated eight nearby downgradient wells (W172B through 
W175B, and W176 through W179), with the existing four Upper VDC production wells operating, 
and with two new production wells (W160B and W161B) simulated just east and west of the 
existing Vail Lake Pump Station.  For this scenario, a minimum depth to water of 40 feet 
beneath the elevated foundation (or approximately 30 feet below the land surface elevation, 
corresponding to a water level elevation of approximately 1,235 ft msl) was maintained to 
minimize the risk of liquefaction beneath the Vail Lake Pump Station.  Figure 3-9 shows the 
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simulated water table elevations and flow paths.  For this scenario, the recharge capacity of the 
Upper VDC is 60 cfs. 
 
Based on the simulation results, addition of downgradient production increases the percentage 
of recharged water recovered by the existing and new wells, as compared with scenarios of 
additional local production only.  However, the maximum recharge capacity of the Upper VDC 
Pond system is lower for cases of downgradient production versus local production only, for the 
same numbers of production wells and production rate.  Although the existing and simulated 
new wells do not capture 100% of the recharged water, RCWD does have additional 
downgradient production wells that capture more recharged water flowing downgradient. 
Recharge that migrates into the deeper aquifers provides long-term storage benefits. 
Collectively, these simulations demonstrate the ability to operate the ponds for both short-term 
and long-term storage.    


Table 3-1 
Production and Recharge Rates at Upper VDC 


Scenario No. of New Total Upper  Total Upper  % of Recharge 
No. Production Wells VDC Recharge VDC Pumping Recovered 


 (Onsite/Offsite) (cfs) (cfs) by Wells 
1 0 26 11 43% 
2 2 35 20 57% 
3 4 45 29 65% 
4 6 52 38 74% 
5 8 61 47 77% 
6 10 71 56 79% 
7 12 78 65 83% 
8 0/4 37 29 79% 
9 4/4 54 47 87% 
10 8/4 69 65 94% 
11 0/4 Nearsite 39 29 74% 
12 2/8 Nearsite 60 56 94% 


   Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


The modeling results indicate that maximum recharge and recovery can be achieved from the 
operation of additional new wells all located within the Upper VDC site.  Due to space 
limitations, however, it may not be feasible to construct all twelve new wells (Scenario 7 above) 
within the Upper VDC site.  Therefore, a combination of new on-site and new off-site wells 
would be more practical to consider.  For the purpose of this study, various recharge and 
recovery (or pumping rates) shown in Table 3-1 were used to represent the production expected 
at maximum production rates based upon the location (Onsite/Offsite) and number of wells 
constructed.   


Scenario 10, having a maximum of 8 new onsite wells and 4 new offsite (“nearsite”) wells and 
with a total pumping rate of 65 cfs, was utilized for the sizing criteria in Section 5 (Facilities 
Planning) and Section 6 (Disinfection Optimization), as this represents the maximum ultimate 
production expected.     
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Scenario 12, having a maximum of 2 new onsite wells and 8 new offsite (“nearsite”) wells and 
with a total pumping rate of 56 cfs will be utilized for the economic analysis in Section 7 (Project 
Economic Analysis).  Since a large component of the economic analysis is based on the 
difference between MWD’s treated and untreated water costs, more conservative or lower 
recharge and recovery rates were used, so as to not influence the analysis towards the 
proposed project.    


The Phasing Plan of Section 8 is based on the anticipated recharge and production rates 
provided by RCWD by phase. 


3.2.2 Conclusions and Recommendations 
Based on the analysis performed by Todd Engineers, the following conclusions are provided: 


• Recharge can be increased in connection with the operation of additional new wells 
within onsite and offsite (“nearsite”) of the Upper VDC; long-term storage therefore can 
be optimized by managing the recharge and recovery rates considering that leakage to 
deeper aquifers occurs at the advantage of creating long-term storage.  In addition 
onsite pumping of wells will also serve to mitigate risk for liquefaction at the site.   


• Existing well pumping were simulated at a total recharge rate of 26 cfs.  This recharge 
rate is similar to the actual recharge achieved during late summer 2011 of 30 cfs.   


• The summer 2011 recharge event of 30 cfs appeared to increase model-simulated 
baseline water levels in the adjacent creek whereas model-simulated water levels did 
not cause the creek to rise at 26 cfs.  The simulation suggests that re-surfaced recharge 
in the adjacent creek may not occur at this slightly lower rate.  In addition, loss of 
recharged water to the creek could be avoided with a different distribution pattern of 
recharge within the basin.  


• The relationship between total recharge capacity of the ponds and numbers of 
strategically-located new wells (and associated total production rate) is linear.  If RCWD 
desires to increase recharge capacity, the number of new production wells required can 
be estimated from this relationship. 


• Percent of recharged water recovered is higher with the inclusion of offsite (“nearsite”) 
wells as compared with all wells sited onsite of the Upper VDC, but total recharge 
capacity is reduced.  With all wells sited onsite of the Upper VDC storage volume of the 
basin is increased and aides recharge.  As stated earlier, however, space limitations 
may prevent construction of all twelve new wells onsite of the Upper VDC site. 


• Baseflow in Temecula Creek may increase adjacent to Pond U-1 for conditions  that 
involve increased recharge without additional production wells located south of Ponds U-
1 and U-2; care should be taken during operations not to exceed the actual capacity of 
the aquifer system.    


• Addition of new production wells between Ponds U-1 and U-2 and the creek (such as 
simulated wells W163 and W166), would reduce groundwater levels in this local area 
and reduce the potential for increased baseflow.   


• Between 1994 and 2011, the Upper VDC production wells appear to have experienced 
significant decreases in specific capacity.   This indicates that the wells may need to be 
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rehabilitated (re-developed) in order to achieve greater yields, which is currently being 
performed by RCWD. 


• The potential for liquefaction should be considered for future facilities and operation of 
the Upper VDC Ponds. 


• RCWD should develop a well maintenance program for production. 


3.3 Recommended Well Maintenance 
A detailed well maintenance program is recommended for RCWD’s production wells.  Routine 
pump tests (every one to two years) are currently performed on the Upper VDC wells to 
evaluate the ongoing efficiency of well pumps.  This frequency is within the recommended range 
for a well that has not experienced problems such as significant loss in yield or increased 
production of sand.  The pump efficiency tests should continue, supplemented with additional 
monitoring of well performance criteria such as specific capacity. 
  
In an attempt to restore some of the lost efficiency in the Upper VDC wells, RCWD should 
consider taking each well offline and running a video log in the well to inspect the casing and 
screen areas.  Rehabilitation techniques can be recommended depending on the physical 
conditions in the well.  Well sampling may be needed to determine the exact nature of the 
problem. 
 
Once any well problems and successful treatment methods have been identified, a routine well 
maintenance program can be developed that addresses specific problems in the Upper VDC 
wells.  Maintenance steps would likely include the following: 


• Monitoring of specific capacity, sand production, and changes in pump operation such 
as cavitation, vibration, or increased noise 


• Routine inspection of the wellbore through video logging 


• Chemical or mechanical cleaning of well screens 


• Pump efficiency tests 


• Aquifer testing 


Monitoring of operational parameters should be ongoing.  Maintenance steps should be 
conducted every two to five years, or when a loss in specific capacity of approximately 15 to 25 
percent occurs.  Pump efficiency testing should continue on its current schedule.  A computer 
file should be maintained of all well documentation including original construction details, as-
built drawings, downhole equipment, pump specifications and design curves, pump efficiency 
tests, aquifer tests, maintenance, and other well-specific information or activities.  
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1. Anza Garden_Hamilton Museum_letter.pdf


2. RW HOA D1566_NWDOP_Final_-_Updated_Table_12_15_09.pdf


3. RW HOA_Signed_MOU_Calif_Friendly_Landscape_Program.pdf


4. RW HOA_TDS_ levels_in_Project_Site.pdf


5. BOD_2H_Upper VDC_CEQA Addendum.pdf


6. GEN_AGMT_1486_LSA_Associates_Inc_ND_Amendment_Upper VDC.pdf


7. Kennedy_Jenks_Agrmt_Optimiz_Study_Upper_VDC.pdf


8. Kennedy_Jenks_Amend1_8_31_2011_Upper_VDC.pdf


9. Letter to DWR re P84 R2 inter regional project final.pdf


10. Upper VDC_101212_-_Kennedy_Jenks_Consultant_-_GEN_AGMT_1465[1].pdf


11. Upper VDC_aw-Kennedy_Jenks_Consultants.pdf


12. Upper VDC_Grading_1485_-_General_Agreement[1].pdf


13. Upper VDC_LCP_Approval_Letter_by_DIR.pdf

14. Upper VDC_Resolution_RCWD_LCP_5_17_12.pdf


15. RW HOA_Rainbow Canyon Design Plan 1.pdf


16. RW HOA_Rainbow Canyon Design Plan 2.pdf


17. RW HOA_Meadowview Commitment Letter.pdf


18. RW HOA_Paloma del Sol Commitment Ltr.pdf


19. Upper VDC_2012 TVWC Assimilative Capacity.pdf


Upper Santa Margarita Watershed IRWM Proposal

3/28/13

IRWM Prop 84 Implementation Grant, Round 2


Upper Santa Margarita Watershed IRWM Proposal
34 of 31
1/5/11


IRWM Prop 84 Implementation Grant, Round 1




