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Likewise, the 1380 PZ has a total existing supply of 8.6 cfs and a total 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 the maximum day demands within and supplied by the 1380 
PZ. 


Table 4-6 
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 


 


4.5.2 Build-Out  


4.5.2.1 Average Day Demand 
From the reported information presented herein, the 1305 PZ has a total existing supply of 29.5 
cfs and a projected build-out ADD of 23.2 cfs resulting in a projected average day surplus 
supply of 6.3 cfs as shown in Table 4-7.   


Likewise, the 1380 PZ has a total existing supply of 8.6 cfs and a projected build-out ADD of 
27.1 cfs resulting in a supply deficit of 18.5 cfs.  Therefore, conveyance of imported water 
supply or the Upper VDC well supply must be increased to meet the projected shortfall during 
average day demands within and supplied by the 1380 PZ.     


Table 4-7 
Existing Supply vs Build-Out ADD 


Pressure 
Zone 


Local Supply  
(cfs) 


Demand 
(cfs) 


Difference 
(cfs) 


1305 29.5 23.2 6.3 
1380 8.6 27.1 -18.5 
Total 38.1 50.3 -12.2 


Conversion Note:  1 cfs = 724.0 AFY or 448.8 gpm 


4.5.2.2 Maximum Day 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 4-8.  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 







 


Upper VDC Conjunctive Use Optimization Study 
Final Report Page 35 


supply 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 4-8 
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 


4.6 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 (particularily in the Anza and Alavrez service areas of this region) these 
supplies will need to be increased and 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 increase of 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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Section 5: Facilities Planning 


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 Tables 4-2 and 4-3 were also considered.   


5.1 Hydraulic Model 
Kennedy/Jenks extracted the facilities from the District’s 2005 Water Facilities Master Plan 
model to create a stand-alone local model.  Figure 5-1 shows the existing wells, pump stations 
and pipelines included in the model.   
 
For purposes of the hydraulic analysis, the 1305 and 1380 Pressure Zones within Pauba Valley 
include a 48-inch diameter raw water pipeline that conveys imported water from EM-21 to the 
Upper VDC ponds for recharge; a 36-inch diameter potable pipeline (1305 PZ) with a pressure 
rating of 100 psi in De Portola Road to convey flow from the Upper VDC and downgradient wells 
to Butterfield Stage Road, where it connects to a 48-inch diameter transmission pipeline that 
continues westward; a parallel 24-inch diameter pipeline (1380 PZ) in De Portola Road that 
conveys flow from the local 1380 PZ wells to Anza Pump Station; and the Los Caballos Pump 
Station, near the entrance to the Upper VDC.   


Fixed-head reservoirs were added at the boundaries of the model to establish the hydraulic 
grade line at the model boundaries.  There are two fixed-head reservoirs modeled in the 1380 
PZ.  One reservoir is located at the intersection of Butterfield Stage and De Portola Roads to 
represent flows from EM-13 imported water supplies, and the other is located on Anza Road to 
represent the Anza Tank.  The head in both reservoirs are set at 1380 feet. There is one fixed-
head reservoir in the 1305 PZ which is located at the intersection of Butterfield Stage and De 
Portola Roads with a hydraulic grade line of 1305 feet to simulate water supplies from EM-20.     


Existing and future well production were modeled as negative demands in the system   
Proposed new supplies from the Upper VDC were applied at the east end of the system, near 
the Los Caballos Pump Station.  System demands were allocated to the pump stations that 
convey flow to the various service areas as shown in Figure 5-1.  Results of the hydraulic 
analysis are provided in Appendix A.   


5.2 Sizing Criteria 
Pipeline sizing is based on the following head loss criteria as provided by RCWD: 


• Maximum head loss of 3 feet per 1000 feet for flows less than 20 cfs 


• Maximum head loss of 2 feet per 1000 feet for flows between 20 and 50 cfs 


• Maximum head loss of 1 feet per 1000 feet for flows greater than 50 cfs 
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Legend
") Hydraulic Boundary Reservoir (1305 PZ)


") Hydraulic Boundary Reservoir (1380 PZ)
!( Junction (1305 PZ)
!( Junction (1380 PZ)


Pipe (1305PZ)


Pipe (1380 PZ)
! Existing WellW #


Text1
Anza Service Area
1380 PZ to 1610/1790 PZ
ADD = 11.1 cfs
MDD = 24.5 cfs


Text1
Pauba Service Area
1380 PZ Wells
ADD = 4.2 cfs
MDD = 9.2 cfs


Text1
De Portola Service Area
1305 PZ Wells
ADD = 6.1 cfs
MDD = 13.3 cfs


Text1
Butterfield Service Area
1305 PZ to 1485 PZ
ADD = 14.9 cfs
MDD = 32.9 cfs


Text1
Alvarez Service Area
1380 PZ to 1550 PZ
ADD = 11.8 cfs
MDD = 25.9 cfs


Text1
Caballos Service Area
1305 PZ to 1790/1880/2070/2350 PZ
ADD = 2.2 cfs
MDD = 4.9 cfs


Notes:
ADD = Build-Out Average Day Demand
MDD = Build-Out Maximum Day Demand
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5.3 Planning Scenarios 
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 3-1.  
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.  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. 


5.3.1 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 5-1.  


Table 5-1 
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.   


5.3.2 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 5-2. 


Table 5-2 
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. 


5.3.3 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 5-3. 
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Table 5-3 
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 Road 
which will parallel the existing 24-inch diameter (1380 PZ) transmission 
pipeline   


• No pipeline improvements are required for the 1305 PZ. 
 


5.3.4 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 5-4.  


Table 5-4 
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  


5.4 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 pipeline project costs are presented in Table 5-5 and range from $9.29 million 
for Scenario 1 to $17.92 million for Scenario 4.  The pump station project costs are presented in 
Table 5-6 and range from $3.07 million for Scenario 1 to $5.93 million for Scenario 4.  The total 
project cost estimates (pipelines plus pump stations) are presented in Table 5-7 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 5-5 
Pipeline Cost Comparison 


  Scenario 1 Scenario 2 Scenario 3 Scenario 4 
Pipe 
Dia. Cost/ft Quantity Cost Quantity Cost Quantity Cost Quantity Cost 
12" 235       550 $129,250
16" 315       500 $157,500
24" 470       4,335 $2,037,450
30" 590       4,815 $2,840,850
36" 710 6,700 $4,757,000     1,815 $1,288,650
42" 825 5,500 $4,537,500   12,200 $10,065,000  
48” 940       12,200 $11,468,000
54" 1060   12,200 $12,932,000     


Total $9,290,000 $12,930,000 $10,070,000 $17,920,000 
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Table 5-6 
Pump Station Cost Comparison 


PZ Description Scenario 1 Scenario 2 Scenario 3 Scenario 4 


1305 


cfs 65 -- 14 28
TDH 83 -- 62 66


hp (required) 763 -- 122 260
hp (installed) 1200 -- 225 450


Cost/hp $2,560 -- $4,610 $3,230
Cost $3,072,000 $0 $1,037,250 $1,453,500


1380 


cfs -- 65 51 60
TDH -- 148 163 155


hp (required) -- 1,361 1,177 1,307
hp (installed) -- 1,750 1,500 1,750


Cost/hp -- $2,560 $2,560 $2,560
Cost $0 $4,480,000 $3,840,000 $4,480,000


Total $3,070,000 $4,480,000 $4,880,000 $5,930,000
 


 
Table 5-7 


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
 


5.5 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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Section 6: Disinfection Optimization 


The purpose of this section is to provide RCWD with conceptual design information for the 
construction of a centralized treatment system for disinfection at the Upper VDC.  The section is 
divided into the following subsections; 
 


• Existing Disinfection Facilities at Upper VDC 


• Disinfection Strategy 


• Screening of Centralized Treatment System Alternatives 


• Optimization of Serpentine Chlorine Contactor Layouts 


• Recommended Centralized Chlorine Contactor Design 
 


6.1 Existing Disinfection Facilities at Upper VDC 
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 RCWD 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.   
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6.2 Disinfection Strategy 
The disinfection strategy presented herein 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. 


6.2.1 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 the 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 3-1.  Flow Scenario 
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No. 2 includes the addition of downstream well capacity of 22.5 cfs considered for delivery back 
to the Upper VDC. 


6.2.2 CT Requirements 
The SWTR requires a 3.0 log reduction of Giardia and a 4.0 log reduction of viruses.  CDPH has 
granted the Upper VDC Recharge/Recovery Facility (VDCR/RF) a 2.5 log removal credit for 
Giardia and 2.0 log removal credit for viruses.  In order for the VDCR/RF wells to be used by 
RCWD, a 0.5 log inactivation of Giardia and a 2.0 log inactivation of virus are required to be 
achieved through disinfection. 


The IESWTR requires that surface water filtration systems also achieve a 2 log removal of 
Cryptosporidium oocyst (cryptosporidium).  CDPH has credited a 2 log removal credit for 
cryptosporidium provided RCWD maintains its recharge ponds with a silt layer, has a goal to 
achieve less than 0.1 NTU four-hour turbidity at each well, and RCWD maintains compliance 
with permit provisions. 


The required disinfection contact time (CT, expressed in mg/L-min) is a function of water 
temperature, pH, disinfectant and (for all chemical disinfectants including chlorine) the residual 
disinfectant concentration (mg/L). Disinfection credit is based on the product of the reliable time 
(T or T10) that the microorganisms in the water are exposed to the disinfecting chemical and the 
disinfecting chemical concentration (C) at the end of each disinfection contactor segment. 


The T10 time is the time that at least 90 percent of the water remains inside the disinfection 
contactor. A pipeline receives credit for 100 percent hydraulic efficiency (plug flow conditions) 
and the minimum possible T10 available for disinfection is calculated by dividing the volume of 
each pipe segment by the maximum possible flow rate through that segment.  Other contactor 
designs, such as circular or rectangular tanks or serpentine basins, have an actual contact time 
that is a fraction of the theoretical detention time as represented by a “baffling factor”.  The 
baffling factor for various chlorine contactor designs is discussed in the following subsection as 
a key variable in screening alternative contactor conceptual designs.  


Water quality data indicate that the historic minimum water temperature has been approximately 
15 °C and the maximum pH has been around 7.7 pH units. At this minimum temperature, a pH 
in the range of 7.5 to 8.0, and a chlorine residual in the range of 1.5 to 2.5 mg/L, the disinfection 
CT required to provide 0.5 log Giardia cyst inactivation ranges from 16 to 21 mg/L-min, and for 
2.0 log viruses inactivation is 2 mg/L-minutes. This indicates that Giardia disinfection is the 
controlling condition.  Since the MWD raw water supply from Lake Skinner can reach 
temperatures that are lower a minimum water temperature of 12.5 °C is proposed.   


The final variable for determining the required CT value(s) is the free chlorine residual.  For the 
same log inactivation (0.5 log Giardia), temperature, and pH, the CT values vary with the 
chlorine residual; the higher the chlorine residual, the higher the CT value.  Since RCWD plans 
to continue practicing chloramination for its secondary disinfectant for water leaving the Upper 
VDC, the target dose is expected to be 2.5 mg/L to match the residual dose used by MWD, 
although the operating range may vary from 2.0 to 2.5 mg/L.   
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Since the minimum temperature and the maximum pH fall between the CT tables for Giardia 
inactivation by free chlorine, use of the USEPA Guidance Manual: Disinfection Profiling and 
Benchmarking Appendix E Regression Method (1999) to determine the required CT is 
proposed.  The Appendix E Regression Method is based on an empirical model that directly 
predicts CT values that are equal to or greater that the original CT values in the SWTR over the 
entire range of variables covered in the SWTR Guidance Manual.  Specifically for RCWD, the 
CT required for 0.5 log Giardia, 12.5 °C, and pH of 7.7, using the Regression Method is 23.3 
mg/L-min for a chlorine residual of 2.0 mg/L and 24.7 mg/L-min for a chlorine residual of 2.5 
mg/L. 


Another variable is the inactivation ratio which is the ratio of the CT available to the CT required.  
CDPH requires RCWD to maintain an inactivation ratio of greater than or equal to 1.1.  The 
facility control system will be designed to maintain a residual chlorine concentration in the water 
leaving the proposed chlorine contactor that will provide disinfection credit at least 10 to 20 
percent above the CT required to achieve 0.5-log Giardia inactivation for the ambient water 
temperature and pH conditions.  


6.3 Screening of Centralized Treatment System Alternatives 
The screening of centralized treatment system alternatives includes the application of guidance-
level baffling factors to the actual volume requirements for the two flow scenarios in question.  
Since a pumping forebay is proposed to follow the chlorine contactor, the screening level 
opinion of probable capital cost for each alternative includes an attached or separate pumping 
forebay, as appropriate.  In addition to tanks and basins with varying levels of inlet, outlet, and 
intra-basin baffling, the list of alternatives includes a 72-inch-diameter pipeline as one of the 
chlorine contactor layouts. 


6.3.1 Baffling Factor 
One of the key variables is the “baffling factor” (BF) which the USEPA Guidance Manual defines 
as “the ratio of the actual contact time to the theoretical detention time”.  The higher the BF, the 
smaller the chlorine contact basin can be for a given CT.  A range in baffling factors for different 
configurations is presented in Table 6-1. 
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Table 6-1 
 Baffling Factors 


Factor Description 


0.1 Circular or rectangular tank with single inlet and outlet (in-line) with high 
inlet and outlet velocities 


0.3 Circular or rectangular tank with inlet on top and outlet on the bottom on 
the opposite wall. 
Single or multiple unbaffled inlets and outlets, no intra basin baffles. 


0.5 Baffled inlet or outlet with some intra-basin baffles. 
0.7 Perforated inlet baffle, serpentine or perforated intra-basin baffles, outlet 


weir or perforated launders. 
1.0 Pipeline flow. Very high length to width ratio, perforated inlet, outlet, and 


intra-basin baffles. 
 


For RCWD, a chlorine contact basin with an overflow weir and essentially constant volume is 
proposed as opposed to a clearwell storage reservoir with varying water level.  A pumping 
forebay with varying water level will follow the chlorine contact basin once CT has been met. 


6.3.2 Alternative Chlorine Contactor Designs 
For the purpose of comparison, the volume required for CT compliance at a chlorine residual of 
2.0 mg/L (1.1 x CT = 25.63 mg/L – min, and contact time = 12.815 min) is presented for Flow 
Condition 1 (64.9 cfs) in Table 6-2 and Flow Condition 2 (87.4 cfs) in Table 6-3.  Each table 
includes a Conceptual Level (or Order of Magnitude) opinion of probable construction cost for 
systems with baffling factors of 0.1, 0.3, 0.5, 0.6, 0.65 and 1.0.  These construction cost 
estimates have an accuracy of +50% to -30% and are appropriate to evaluate and screen 
alternatives. 
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Table 6-2 
Impact of BF on Contactor Volume and Capital Cost for Flow Condition No.1 


Alt Description BF Volume 
(gal) 


Contactor 
Capital 


Cost 


Contactor & 
Pump Forebay 
Capital Cost 


1 Steel Tank 0.1 3,732,400 $3.5 mil $3.9 mil 


2 Pre-stressed Concrete Tank 0.1 3,732,400 $5.3 mil $5.7 mil 


3 Steel tank with inlet/outlet 
modifications 


0.3 1,244,100 $1.6 mil $2.0 mil 


4 Prestressed tank with inlet/ 
outlet modifications  


0.3 1,244,100 $2.3 mil $2.7 mil 


5 Steel tank with baffle curtains 
(not recommended)  


0.5 746,500 $1.5 mil $1.9 mil 


6 Prestressed tank with 
concrete baffle walls 


0.5 746,500 $2.1 mil $2.5 mil 


7 Prestressed tank with 
concentric interior walls 


0.6 622,100 $2.1 mil $2.5 mil 


8 Serpentine cast-in-place 
concrete; basis design 


0.6 622,100 $1.7 mil $1.9 mil 


9 Serpentine cast-in-place 
concrete with optimized 
hydraulics (inlet diffuser, baffle 
walls, extended exit weir)  


0.65 574,200 $1.6 mil $1.8 mil 


10 Pipeline (72” – 1,760 LF) 1.0 373,200 $2.4 mil $2.8 mil 


 


The alternatives range from a 3.73 MG reservoir when the baffling factor is 0.1, to 1.24 MG for 
0.3, 0.75 MG for 0.5, 0.62 MG for 0.6, 0.57 MG for 0.65 to 1,760 LF of 72-inch diameter pipe 
(baffling factor = 1.0).  Alternatives 1 through 7 and Alternative 10 require a separate pump 
station forebay with an estimated construction cost of $400,000, while Alternatives 8 and 9 allow 
the forebay to be constructed as an extension of the serpentine contactor at an estimated 
construction cost of $250,000.  Alternative 5 (steel tank with Hypalon curtain baffle walls) and 
Alternatives 8 and 9 (serpentine basins), are the most cost-effective alternatives.  However, 
Alternative 5 is not recommended due to the relatively short life (15 years) of the Hypalon 
curtain baffle walls.  When this replacement cost is considered on a Life Cycle Cost basis, this 
alternative is much less attractive.  The reason Alternative 8 (serpentine basin) was assigned a 
baffling factor of 0.60 and Alternative 9 (serpentine basin) a baffling factor of 0.65 is because 
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the later has a greater length to width ratio of 20:1 compared to 17:1.  The higher baffling factor 
of 0.65 allows Alternative 9 to be approximately 8% lower in volume, and slightly more cost 
effective.  


Table 6-3 
Impact of BF on Contactor Volume and Capital Cost for Flow Condition No. 2 


Alt Description BF Volume 
(gal) 


Contactor 
Capital 


Cost 


Contactor & 
Pump Forebay 
Capital Cost 


1 Steel Tank 0.1 5,026,000 $4.3 mil $4.8 mil 


2 Pre-stressed Concrete 
Tank 


0.1 5,026,000 $6.3 mil $6.8 mil 


3 Steel tank with inlet/outlet 
modifications 


0.3 1,675,300 $2.1 mil $2.6 mil 


4 Prestressed tank with inlet/ 
outlet modifications  


0.3 1,675,300 $3.0 mil $3.5 mil 


5 Steel tank with baffle 
curtains (not 
recommended)  


0.5 1,005,200 $1.8 mil $2.3 mil 


6 Prestressed tank with 
concrete baffle walls 


0.5 1,005,200 $2.4 mil $2.9 mil 


7 Prestressed tank with 
concentric interior walls 


0.6 837,700 $2.5 mil $3.0 mil 


8 Serpentine cast-in-place 
concrete; basis design 


0.6 837,700 $2.0 mil $2.3 mil 


9 Serpentine cast-in-place 
concrete with optimized 
hydraulics (inlet diffuser, 
baffle walls, extended exit 
weir)  


0.65 773,200 $1.9 mil $2.2 mil 


10 Pipeline (72” – 2,370 LF) 1.0 502,600 $3.2 mil $3.7 mil 
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The alternatives range from 5.03 MG reservoir when the baffling factor is 0.1, to 1.68 MG for 
0.3, 1.01 MG for 0.5, 0.84 MG for 0.6, 0.77 MG for 0.65 to 2,370 LF of 72-inch diameter pipe 
(baffling factor = 1.0).  Alternatives 1 through 7 and Alternative 10 require a separate pump 
station forebay with an estimated construction cost of $500,000, while Alternatives 8 and 9 allow 
the forebay to be constructed as an extension of the serpentine contactor at an estimated 
construction cost of $300,000.  Alternative 5 (steel tank with Hypalon curtain baffle walls) and 
Alternatives 8 and 9 (serpentine basins), are the most cost-effective alternatives.  However, 
Alternative 5 is not recommended due to the relatively short life (15 years) for the Hypalon 
curtain baffle walls.  When this replacement cost is considered on a Life Cycle Cost basis, the 
alternative is much less attractive.  The reason Alternative 8 (serpentine basin) was assigned a 
baffling factor of 0.60 and Alternative 9 (serpentine basin) a baffling factor of 0.65 is because 
the later is shallower (16 feet vs. 18 feet) and has a greater length to width ratio of 21:1 
compared to 17:1.  Although the 0.65 baffling factor allows Alternative 9 to be approximately 8% 
lower in volume, the capital cost are only slightly lower ($2.4 mil vs. $2.5 mil) including the 
pumping forebay structure. 


6.4 Optimization of Serpentine Chlorine Contactor Layouts 
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 6-4. 


Kennedy/Jenks retained Flow Science, Inc. to perform a review of the conceptual serpentine 
basin layouts and make recommendations on inlet/outlet configurations, dimensional ratios 
(depth, width, length) and diffuser walls.  They confirmed the baffling ratio assumptions of 0.60 
and 0.65 for alternatives 1A/2A and 1B/2B, respectively.  A Memorandum dated November 23, 
2011 summarizing Flow Science’s review is including in Appendix B.  


Alternative 1A includes a serpentine cast-in-place concrete covered basin with a maximum 
water depth of 15.0 feet and four rows or passes each with a width of 18.0 feet (see Figure 6-
1A).  The overall length to width ratio is 17:1 and the baffling factor is estimated to be 0.60.  For 
the target CT at maximum flow, the contactor volume is 622,100 gallons of CT volume with a 
total contactor volume of 697,800 gallons including the exit weir section volume of 75,700 
gallons.  The contactor overflow weir is 55.5 feet and feeds directly into a 100,000-gallon 
pumping forebay.  The height over the weir at maximum flow is 0.50 feet.  The pumping forebay 
is sized such that 60 percent of the volume available for normal pumping variations is equal to 
2.0 minutes at the maximum flow rate.  Other proposed design features include a 48-inch 
diameter inlet pipeline that increases to 72-inch diameter to reduce the inlet velocity; a 10-foot 
inlet section with a diffuser wall to straighten the flow into the first chamber; and, three additional 
diffuser walls, one after each turn to straighten the flow (minimize eddies and backmixing). 


Alternative 1B includes a serpentine cast-in-place concrete covered basin with a maximum 
water depth of 15.0 feet and four rows or passes each with a width of 16.0 feet (see Figure 6-
1B).  The overall length to width ratio is 20:1 and the baffling factor is estimated to be 0.65.  For 
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the target CT at maximum flow, the contactor volume is 574,800 gallons of CT volume with a 
total contactor volume of 641,200 gallons including the exit weir section volume of 66,400 
gallons.  The contactor overflow weir is 53.0 feet and feeds directly into a 100,000-gallon 
pumping forebay.  The height over the weir at maximum flow is 0.51 feet.  The remaining 
features are the same as for Alternative 1A. 


Alternative 2A includes a serpentine cast-in-place concrete covered basin with a maximum 
water depth of 18.0 feet and four rows or passes each with a width of 19.0 feet (see Figure 6-
2A).  The overall length to width ratio is 17:1 and the baffling factor is estimated to be 0.60.  For 
the target CT at maximum flow, the contactor volume is 837,700 gallons of CT volume with a 
total contactor volume of 938,800 gallons including the exit weir section volume of 101,100 
gallons.  The contactor overflow weir is 58.5 feet and feeds directly into a 130,000-gallon 
pumping forebay.  The height over the weir at maximum flow is 0.60 feet.  The pumping forebay 
is sized such that 60 percent of the volume available for normal pumping variations is equal to 
2.0 minutes at the maximum flow rate.  Other proposed design features include a 60-inch 
diameter inlet pipeline that increases to 84-inch diameter to reduce the inlet velocity; a 10-foot 
inlet section with a diffuser wall to straighten the flow into the first chamber; and, three additional 
diffuser walls, one after each turn to straighten the flow (minimize eddies and backmixing).    


Alternative 2B includes a serpentine cast-in-place concrete covered basin with a maximum 
water depth of 16.0 feet and four rows or passes each with a width of 17.5 feet (see Figure 6-
2B).  The overall length to width ratio is 21:1 and the baffling factor is estimated to be 0.65.  For 
the target CT at maximum flow, the contactor volume is 773,200 gallons of CT volume with a 
total contactor volume of 859,100 gallons including the exit weir section volume of 85,900 
gallons.  The contactor overflow weir is 58.5 feet and feeds directly into a 130,000-gallon 
pumping forebay.  The height over the weir at maximum flow is 0.60 feet.  The remaining 
features are the same as for Alternative 2A. 
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Table 6-4 
Comparison of 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 


 


A Preliminary Level opinion of probable construction cost for the four serpentine basin chlorine 
contactor alternatives is presented in Table 6-5.  These construction cost estimates are based 
on quantity take-offs using the dimensions shown in the respective figures and have an 
accuracy of +30% to -15%.  A greater level of detail was used for these estimates in order to 
illustrate the subtle differences in the “A” and “B” alternatives in regard to contactor volume, 
external wall thickness (which varies with maximum water depth), and floor/roof area to volume 
for different length to width ratios. 
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Table 6-5 
Opinion of Probable Construction Cost for  


Serpentine Basin Chlorine Contactor Alternatives 


Alt Maximum 
Flow 
(cfs) 


Baffling 
Factor 


Probable 
Construction 


Cost 


Contingency 
(20%) 


Engineering 
& Admin 


(20%) 


Total 


1A 64.9 0.60 $1,353,000 $271,000 $271,000 $1,895,000 


1B 64.9 0.65 $1,312,000 $263,000 $263,000 $1,837,000 


2A 87.4 0.60 $1,627,000 $324,000 $324,000 $2,270,000 


2B 87.4 0.65 $1,553,000 $311,000 $311,000 $2,175,000 
 


6.5 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. 


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. 
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Section 7: Project Economic Analysis 


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 3-1 
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.   


7.1 Recommended 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.            


• 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.     
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