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APPENDIX B 

Changes in Key Performance Criteria  

Several key water system planning and performance criteria have changed since the District’s 2005 
Water Master Plan to reflect recent standards and to address specific District concerns. These 
changed criteria are summarized in Table B-1. 

Table B-1. Summary of Potable Water System Planning and  
Performance Criteria Changes 

Criteria 

2005 Water 
Master Plan 

Criteria 

2015 Water 
System Master 

Plan Criteria Reason for Change in Criteria 

Pipeline Velocity in 
Transmission Mains 5-7 ft/s for 

Average Day 
Demand; 

6-8 ft/s for Peak 
Hour Demand 

5 ft/s 

Separate, distinct velocity criteria established for 
transmission mains and distribution mains, with 
lower velocity in larger diameter transmission mains. 
Criteria consistent with other water agencies. For 
the existing water system pipelines, pipeline velocity 
criteria are not typically used to identify deficient 
facilities. However, these criteria are used for sizing 
new transmission and distribution system 
pipeline facilities. 

Pipeline Velocity in 
Distribution Mains 

8 ft/s 

Pipeline Velocity 
under Fire Flow 
Conditions 

12 ft/s 10 ft/s 

Reduced to 10 ft/s to be more conservative. Criteria 
consistent with other water agencies. For the 
existing water system pipelines, pipeline velocity 
criteria are not typically used to identify deficient 
facilities. However, these criteria are used for sizing 
new transmission and distribution system 
pipeline facilities. 

Backup Power at 
Pumping Facilities 

Plug-in portable 
generator 

On-site 
generator for 

critical stations 

Plug-in portable 
generator for 
less critical 

stations 

There is no regulation on the number of on-site 
generators and/or portable standby generators that 
a water utility agency should maintain. The standard 
practice for emergency preparedness recommends 
backup power at critical facilities to maintain an 
acceptable level of service during a power outage1. 

Storage Reservoir 
Level Assumed at 
Start of Hydraulic 
Evaluation for normal 
operating conditions 

100% full 75% full 

In the field, tank level fluctuates over time. The 
assumption of 75 percent full represents the 
average of the operational storage available at any 
given time in the District system. 

Storage Reservoir 
Level Assumed at 
Start of Hydraulic 
Evaluation for fire 
flow conditions 

100% full 50% full 

In the field, tank level fluctuates over time. The 
assumption of 50 percent full represents the 
average of the fire storage available at any given 
time in the District system. 

 

                                                 
1 “Is Your Water or Wastewater System Prepared? What You Need to Know About Generators” United States Environmental Protection Agency 
Mid-Atlantic, EPA 903-F-11-002, March 2011.  
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Fire Code Requirements  

Fire Flow Information Received from Alameda County Fire Department   
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APPENDIX D 

Evaluation of Future Storage Reservoir Locations  

As part of the Dublin San Ramon Services District (District or DSRSD) Water System Master Plan 
Update, District staff requested West Yost Associates (West Yost) to evaluate and perform 
hydraulic analyses for potential alternative locations for proposed future potable water storage 
reservoirs in Pressure Zones 1 and 20. A description of the evaluation findings and 
recommendations is provided below.  

1.1 OVERVIEW 

Based on recommendations made in the District’s 2005 Water Master Plan, two future potable 
water reservoirs were recommended and are included in the District’s current capital improvement 
program. These future potable water reservoirs are Reservoir 1C in Pressure Zone 1 and 
Reservoir 20B in Pressure Zone 20. Future Reservoir 1C was previously proposed to be located 
just north of Reservoir 1B (also referred to as the Dougherty Reservoir) with a capacity of 
2.74 million gallons (MG) and future Reservoir 20B was proposed to be located adjacent to 
existing Reservoir 20A with a capacity of 1.52 million gallons.  

For Pressure Zone 1, the District identified the following three potential storage locations: 

 North of the Reservoir 1B (Dougherty Reservoir) (as previously proposed); 

 At the District’s existing Reservoir 10A site (using either the existing or a new 
Reservoir 10A); or 

 At the City of Pleasanton’s existing Tassajara Reservoir (which would involve the District 
trading the existing Reservoir 10A for the City of Pleasanton’s Tassajara Reservoir)1. 

For Pressure Zone 20, the District identified the following three potential storage locations: 

 Adjacent to the District’s existing Reservoir 20A (as previously proposed);  

 At the Moller Ranch West (Casamira Valley) Development Property in Dublin; or 

 At an area southeast of Dougherty Valley, near the existing 
Windemere Development. 

Figure 1 presents location of these potential storage reservoir sites. The following sections discuss 
the hydraulic evaluation for each potential storage location in Pressure Zone 1 and 
Pressure Zone 20. 

                                                 

1 Since the completion of the storage evaluation conducted in coordination with this Water System Master Plan, the 
City of Pleasanton has moved forward with the conversion of the Tassajara Reservoir from a potable water reservoir 
to a recycled water reservoir. Therefore, this reservoir is no longer an available option for potable water storage for 
the District. 
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1.2 ANALYSIS ASSUMPTIONS 

1.2.1 Demand Assumptions 

All of the hydraulic model evaluations for this storage evaluation were conducted under the 
buildout (2035) maximum day demand condition (see Chapter 3 for additional information). 

1.2.2 Zone 7 Turnout Assumptions  

The hydraulic grade line of the Zone 7 turnouts assumed in the hydraulic model are listed below. 

 Turnout 1 at 529 feet; 

 Turnout 2 at 493 feet; 
 Turnout 4 at 552 feet; 

 Turnout 5 at 543 feet; and  

 Turnout 6 (proposed) at 546 feet. 

1.2.3 Future Potable Water Storage Requirements 

As part of the 2015 Water System Master Plan work, West Yost evaluated the future storage 
capacity required in each of the District’s pressure zones (see Chapter 6). Table 1 presents a 
summary of the required storage capacity in Pressure Zones 1 and 20 under the buildout 
demand condition. 

Table 1. Summary of Required Storage Capacity under Buildout Demand Condition 

Pressure 
Zone 

Available 
Storage 

Capacity, MG 

Required Storage Capacity, MG Total 
Required 
Storage, 

MG 

Storage 
Surplus 
(Deficit), 

MG Operational Emergency Fire Flow 

1 10.35(a) 3.44 6.89 1.08 11.41 (1.06) 

20 3.3(b) 1.20 2.40 0.96 4.56 (1.26) 
(a) Includes existing Reservoirs 1A (2 MG), 1B (2.35 MG), 10A (3 MG) and 10B (3 MG).  
(b) Includes existing Reservoir 20A (3.3 MG).  

MG = million gallons 

 

As shown in Table 1, with the existing reservoirs in Pressure Zone 1, there is a storage deficit of 
1.06 MG under the buildout demand condition in Pressure Zone 1. With the existing reservoir in 
Pressure Zone 20, there is a storage deficit of 1.26 MG under the buildout demand condition in 
Pressure Zone 20.  

It should be noted that the District has not regularly operated the existing Reservoir 10A as its 
hydraulic grade line is 17.5 feet higher than the other reservoirs in Pressure Zone 1. The District 
had previously planned to replace existing Reservoir 10A with the previously proposed 
Reservoir 1C, as the existing Reservoir 10A is also quite old (constructed in the 1940s). If existing 
Reservoir 10A will be replaced with a new reservoir in Pressure Zone 1, the required capacity of 
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the new reservoir would need to be 4.1 MG (3.0 MG to replace the capacity of existing 
Reservoir 10A plus 1.06 MG for the Pressure Zone 1 storage deficit under the buildout 
demand condition). 

1.3 POTENTIAL RESERVOIR SITES EVALUATED 

1.3.1 Pressure Zone 1  

The following describes the potential new reservoir sites evaluated in Pressure Zone 1. 

1.3.1.1 Previously Proposed Reservoir 1C Site 

The previously proposed Reservoir 1C site is located north of the existing Reservoir 1B 
(Dougherty Reservoir). Based on the required storage capacities described above, the proposed 
volume of the storage reservoir is 4.1 MG. The base elevation of the proposed reservoir would be 
505 feet with an overflow height of 520.5 feet. This overflow height would be consistent with 
hydraulic grade line in the Pressure Zone 1 which is 520.5 feet.  

Because this proposed site is located on an open space site, there are major pipelines that need to 
be installed to fill the storage reservoir and serve the Pressure Zone 1 potable water system: 

 To fill Reservoir 1C, a total of 3,205 lineal feet of a new 12-inch diameter pipeline 
would be required to deliver water from the Zone 7 Turnout 2 through the District’s 
Pump Station 1A. An altitude valve would be required to control the fill cycle of the 
storage tank and separate inlet and outlet pipelines would be required.  

 To serve Pressure Zone 1 from Reservoir 1C, new 12-inch diameter pipelines are 
required to convey water from the storage tank to the Stagecoach Road connection 
and to the Shady Creek Road connection. The total pipeline length is approximately 
1,913 lineal feet.  

West Yost used the hydraulic model to review the hydraulic impact of the future Reservoir 1C to 
the Pressure Zone 1 system. Figure 2 presents the Pressure Zone 1 reservoir level trends over a 
72-hour simulation period. For this hydraulic simulation, West Yost adjusted the operation of 
Zone 7 Turnouts 4 and 5 to be based on the Reservoir 10B level.  

Figure 3A presents system pressure trends for selected nodes in Pressure Zone 1 with the future 
Reservoir 1C in service. The location of selected nodes are graphically presented on Figure 4. 
Results indicated that system pressures over a 72-hour period for Node J11247, which is located 
at higher topology, ranged from 41 to 48 psi. 

1.3.1.2 Existing Reservoir 10A Site 

The existing Reservoir 10A in Pressure Zone 1 has a volume of 3.0 MG. The existing 
Reservoir 10A has a hydraulic grade line of 538 feet which is 17.5 feet higher than the Pressure 
Zone 1 potable water system. Due to its higher hydraulic grade line compared to Pressure Zone 1, 
the District has not been able to optimize the operation of this reservoir. As part of this storage 
evaluation, West Yost reviewed and adjusted the operation of Pump Station 10A and the Pressure 
Regulator at existing Reservoir 10A to optimize the use of existing Reservoir 10A. The operation 
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of Pump Station 10A was adjusted to fill the existing Reservoir 10A based on the reservoir level. 
The Pressure Regulator that supplies water from existing Reservoir 10A was adjusted to operate 
only when Pump Station 10A was not operating. 

The hydraulic model was used to review and identify if there is a hydraulic impact to the Pressure 
Zone 1 potable water system, and how the existing reservoirs in Pressure Zone 1 were impacted 
by the operation of existing Reservoir 10A. Figure 5A presents the Pressure Zone 1 reservoir level 
trends over a 72-hour simulation period. 

Figure 3A presents system pressure trends for selected nodes in Pressure Zone 1 with existing 
Reservoir 10A in service. Results indicated that system pressures for Node J11247 ranged from 
33 to 47 psi over the 72-hour simulation period. 

It should be noted that even if operations could be adjusted to operate the existing Reservoir 10A 
more efficiently at its current elevation, the existing Reservoir 10A is quite old (constructed in the 
1940s) and there would still be a storage deficit of 1.06 MG in Pressure Zone 1 (see Table 1). 
Therefore, a preferable option would be to replace existing Reservoir 10A with a new larger 
reservoir at the same location (new Reservoir 10A with a capacity of 4.1 MG) and constructed at 
a lower elevation to meet the hydraulic grade line of Pressure Zone 1.  

The hydraulic model was used to review and identify if there is a hydraulic impact to the Pressure 
Zone 1 potable water system, and how the existing reservoirs in Pressure Zone 1 would be 
impacted by the operation of a new Reservoir 10A. Figure 5B presents the Pressure Zone 1 
reservoir level trends over a 72-hour simulation period. 

Figure 3B presents system pressure trends for selected nodes in Pressure Zone 1 with a new 
Reservoir 10A in service. Results indicated that system pressures for Node J11247 ranged from 
37 to 45 psi over the 72-hour simulation period. 

1.3.1.3 Tassajara Reservoir 

The existing Tassajara Reservoir is currently owned and operated by the City of Pleasanton. It is 
located on North Dublin Ranch. The reservoir capacity is 8.2 MG with a hydraulic grade line of 
515 feet. The hydraulic grade line of the District’s Pressure Zone 1 is 520.5 feet. The Tassajara 
Reservoir hydraulic grade line is 5.5 feet lower than the Pressure Zone 1 hydraulic grade line. To 
operate the Tassajara Reservoir as a District Pressure Zone 1 facility, a pump station would be 
required to lift the hydraulic grade line from the reservoir into the Pressure Zone 1 service area. 
Another pump station would also be required to fill the tank when the tank level drops. The pump 
stations would be connected to the District’s existing 18-inch diameter transmission main located 
along North Dublin Ranch.  

Because of the elevation of the Tassajara Reservoir, and the need to pump from it to serve the 
District’s Pressure Zone 1, West Yost did not model the Tassajara Reservoir for the Pressure 
Zone 1 storage analysis. 
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1.3.2 Pressure Zone 20 

The following describes the potential new reservoir sites evaluated in Pressure Zone 20. 

1.3.2.1 Adjacent to Existing Reservoir 20A  

The District previously planned to construct the future Reservoir 20B adjacent to the existing 
Reservoir 20A. The existing Reservoir 20A site has space for an additional storage tank. There is 
an existing 16-inch diameter transmission main that could be connected to the future 
Reservoir 20B. The hydraulic model was adjusted to include the future Reservoir 20B at the 
existing Reservoir 20A site.  

Figure 6 presents the simulated reservoir level trends over a 72-hour simulation period. Results 
indicated that the new reservoir could serve the Pressure Zone 20 demands. The reservoir level 
trend indicated that all reservoirs in Pressure Zone 20 could turn over within a 24-hour period. The 
system pressure trends for selected nodes in Pressure Zone 20 over a 72-hour period are presented 
on Figure 7A. System pressure over a 72-hour period for Node J201891, which is located at higher 
topology, ranged from 41 to 61 psi.  

1.3.2.2 Moller Ranch West (Casamira Valley) Development 

Due to the growth and available land in Pressure Zone 20, the District is considering to potentially 
locate Reservoir 20B at the planned Moller Ranch West (Casamira Valley) Development. Based 
on the grading map for the proposed development provided by the District2, the open space near 
Parcel C on the map indicated an elevation suitable for Reservoir 20B. The hydraulic grade line 
for the Pressure Zone 20 is 695 feet. The base elevation required for Reservoir 20B would need to 
be located at 670 feet with a tank height of 25 feet. At this reservoir site, the District would be 
required to construct approximately 1,824 lineal feet of a new 12-inch diameter pipeline. This new 
main would be connected to the existing 12-inch diameter pipeline on Tassajara Road.  

Because this storage site is located inside a new development area, the District will be required to 
coordinate with the Project Proponent to obtain the site for Reservoir 20B.  

Figure 8 presents the proposed reservoir level trends over a 72-hour period. Results indicated that 
the new reservoir could serve the Pressure Zone 20 buildout demands. The system pressure trends 
for selected nodes over a 72-hour period were presented on Figure 7A. Results indicated that 
system pressure for Node J201891, which is located at higher topology, ranged from 42 to 61 psi.  

1.3.2.3 Existing Windemere Development 

Due to available land near the existing Windemere Development, the District is considering to 
potentially locate Reservoir 20B in this area (southeast of Dougherty Valley). The hydraulic grade 
line for the Pressure Zone 20 is 695 feet. The base elevation required for Reservoir 20B would 
need to be located at 670 feet with a tank height of 25 feet. At this reservoir site, the District would 

                                                 

2 Moller Ranch-Braddock & Logan Properties – Vesting Tentative Tract Map No. 8102: Preliminary Grading Plan, 
October 22, 2012. 
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be required to construct approximately 8,674 lineal feet of a new 12-inch diameter pipeline. This 
new main would be connected to the existing 12-inch diameter pipeline on Tassajara Road.  

Because this storage site would be located in an undeveloped parcel within Contra Costa County, 
the District will be required to coordinate with the property owner to obtain the site for 
Reservoir 20B.  

Figure 9 presents the proposed reservoir level trends over a 72-hour period. Results indicated that 
the new reservoir could serve the Pressure Zone 20 buildout demands. The system pressure trends 
for selected nodes over a 72-hour period were presented on Figure 7B. Results indicated that 
system pressure for Node J201891, which is located at higher topology, ranged from 42 to 61 psi.  

1.4 COST COMPARISON 

Table 2 presents the total construction cost estimate for each of the following potential reservoir 
sites evaluated:  

 For Pressure Zone 1: 
— Construction of a new Reservoir 1C; 
— Use of existing Reservoir 10A, plus construction of a new 1.06 MG reservoir at 

another location; 
— Construction of a new larger reservoir at existing Reservoir 10A site (capacity of 

4.1 MG); and 
— Use of existing Tassajara Reservoir with new pumping facilities. 

 For Pressure Zone 20: 

— Construction of a new Reservoir 20B adjacent to existing Reservoir 20A;  
— Construction of a new Reservoir 20B at Moller Ranch; and 

— Construction of a new Reservoir 20B at Windemere. 

Because the Tassajara Reservoir site has an existing storage tank, there was no new storage tank 
cost for this site; however, costs for pumping facilities and pipelines were estimated for this 
potential reservoir site. The total construction cost estimate does not include land acquisition, 
facility trading process cost, roadway and grading at the potential new tank sites. 
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1.5 STORAGE SITE EVALUATION 

1.5.1 Evaluation Criteria and Scoring System 

The following criteria were considered in the evaluation of the potential reservoir sites: 

 Current Land Use; 

 Constructability/Site Access; 

 Operational Concerns; 

 New Facilities Required; 

 Estimated Capital Cost; and 

 Environmental Concerns/Issues. 

Tables 3 and 4 provide summary descriptions for each of the potential reservoir sites in Pressure 
Zones 1 and 20, respectively, based on the matrix evaluation criteria. For Tables 3 and 4, a 
color-coded scoring system was established and used to rate and compare the potential sites based 
on each of the evaluation criteria: 

 GREEN was assigned when the proposed site had no identified issues; 

 YELLOW was assigned when the proposed site had only minor identified issues; and 

 RED was assigned when the proposed site had major identified issues. 

1.6 CONCLUSIONS AND RECOMMENDATIONS  

Based on the evaluation and rating for each of the criteria for each of the potential reservoir sites, 
the following reservoir sites are recommended: 

 For Pressure Zone 1: 
— The existing Reservoir 10A site ranked the highest with the assumption that a new 

Reservoir 10A would be constructed at this location with a larger storage volume 
(4.1 MG) than the existing Reservoir 10A (3.0 MG) and at an elevation suitable for 
operation in Pressure Zone 1. 

— Recommendation: Construct new and larger Reservoir 10A (4.1 MG) at 

existing Reservoir 10A site at an elevation suitable for operation in Pressure 

Zone 1. 

 For Pressure Zone 20: 
— The proposed site at Windemere is ranked the highest, primarily due to (1) eagle 

nesting concerns at the site adjacent to existing Reservoir 20A and (2) possible 
permitting issues at the Moller Ranch site. 

— Recommendation:  Construct new Reservoir 20B (1.3 MG) at Windemere site. 
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Table 3. Matrix Evaluation for Potential Reservoir Sites in Zone 1(a) 

  Reservoir 1C Existing Reservoir 10A New Reservoir 10A Tassajara Reservoir 

Current Land Use 
 The General Plan land use designation for this site is 

Open Space. Use of this site for a new reservoir will 
require the site to be rezoned. 

 Existing reservoir site owned by DSRSD.  Existing reservoir site owned by DSRSD.  Existing reservoir site owned by City of Pleasanton. District 
would need to negotiate with the City of Pleasanton to 
purchase or lease the reservoir. 

Constructability/Site 
Access 

 Site requires new road access from Dougherty Reservoir. 

 May require site grading. 

 District would need to negotiate with the property owner to 
purchase or lease the reservoir site. 

 Existing facility with existing road.  Existing facility with existing road.  Existing facility with existing road. 

Operational 
Concerns 

 Storage tank would connect to the discharge side of the 
Pump Station 1A located on Amador Valley Boulevard. 

 Hydraulic results for buildout demand conditions indicate 
that this storage site would improve system pressure at the 
highest point on the Crossridge Road. The simulated 
system pressure was above 40 psi which meets the 
District's peak hour system pressure criteria. 

 Hydraulic results are presented on Figures 2 and 3. 

 Existing Pump Station 10A would be operated to fill the 
reservoir from Zone 1. 

 Existing Pressure Regulator at the Pump Station 10A 
would allow the reservoir to serve Zone 1 and it would be 
off-line when the Pump Station 10A is operating. 

 Hydraulic results for buildout demand conditions indicate 
that the simulated system pressure at the highest point 
(elevation at 416 feet) on Crossridge Road was 33 psi 
which does not meet the District's peak hour system 
pressure criteria at 40 psi. This location has a static 

pressure of 45 psi, based on the Zone 1 tank overflow 
elevation of 520.5 feet. 

 Hydraulic results are presented on Figure 5A. 

 Operational concerns described for the existing Reservoir 
10A can be eliminated by replacing the existing Reservoir 
10A with a new Reservoir 10A constructed at lower 
hydraulic grade line than the existing Reservoir 10A to 
meet the hydraulic grade line of Pressure Zone 1. 

 Hydraulic results for buildout demand conditions indicate 
that the simulated system pressure at the highest point 
(elevation at 416 feet) on Crossridge Road was 37 psi 
which does not meet the District's peak hour system 
pressure criteria at 40 psi. This location has a static 

pressure of 45 psi, based on the Zone 1 tank overflow 
elevation of 520.5 feet. 

 Hydraulic results are presented on Figure 5B. 

 A new pump station at Tassajara Reservoir would be 
required to serve Zone 1. 

 A new altitude valve may be required to fill the reservoir 
when the pumps are off-line to avoid circular flow at the 
pump station. 

 Either Pump Station 1A or Zone 7 Turnouts 1 and 4 
may need to be adjusted to allow the new pump 
station to pump water from Tassajara Reservoir into 
Zone 1. 

New Facilities 
Required 

 New pipelines (5,115 LF of 12-inch diameter). 

 New altitude valve. 

 New storage tank (4.1 MG) with on-site improvements. 

 An additional 1.06 MG Reservoir would be required to 
meet Zone 1 storage deficit at buildout (see Table 1). 

 New storage tank (4.1 MG) with on-site improvements. 

 Demolition of existing storage tank 

 New altitude valve. 

 New pump station (3.24 mgd) with on-site improvements 
to connect into the DSRSD potable water system. 

Estimated Capital 
Cost 

 Total estimated capital cost = $10.2M (see Table 2).  

 Need to purchase land/lease from current property owner. 
Land costs are not included in the capital cost estimate. 

 Total estimated capital cost = $3.5M (see Table 2).  

 May need to purchase land/lease from current property 
owner. Land costs and additional piping to site are not 
included in the capital cost estimate. 

 Total estimated capital cost (storage and demolition) = 
$7.6M (see Table 2). 

 Total estimated capital cost = $3.3M (see Table 2). 

 Need to purchase or lease Tassajara Reservoir from City 
of Pleasanton. 

 Reservoir purchase/lease cost is not included in the capital 
cost estimate.  

Environmental 
Concerns/Issues 

 Site would require environmental study because this site is 
currently designated as Open Space. 

 Site may require environmental study.  Demolition permit.  None---this is an existing facility. 

(a) All hydraulic evaluations assumed a new parallel 16-inch diameter pipeline along Amador Valley from Village way to Donohue Drive (approximately 1,786 lf) is constructed, and a 16-inch diameter pipeline that would replace the existing 12-inch diameter pipeline (367 lf) from the downstream of the Pump Station 
1A to Iron Horse Trail is constructed. 
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Table 4. Matrix Evaluation for Potential Reservoir Sites in Zone 20 

  Next to Existing Reservoir 20A At Moller Ranch West (Casamira Valley) At area southeast of Dougherty Valley (Windemere) 

Current Land Use 
 Existing reservoir site is owned by DSRSD.  Currently, this site is a vacant lot. The General Plan land use designation for 

this site is Rural Residential. Use of this site for a new reservoir may require 
the site to be re-zoned. 

 Site would be on a vacant lot (not currently owned by DSRSD). 

Constructability/Site 
Access 

 Existing reservoir site with existing access road. 

 Space exists at the existing reservoir site for a second reservoir. 

 May require side berm. 

 Extensive site grading will be required (District estimated to be $1M). 

 Site is vacant and it requires site grading. 

 May require cut and fill for the site. 

 May require partially buried tank, or side berm will be required. 

 District would need to negotiate with the property owner to purchase or lease 
the reservoir site.  

 Site is vacant and it requires site grading. 

 May require cut and fill for the site. 

 May require partially buried tank, or side berm will be required. 

 District would need to negotiate with property owner to purchase or lease the 
reservoir site. 

Operational 
Concerns 

 This reservoir would connect to the existing 16-inch diameter pipeline at the 
existing Reservoir 20A site. 

 There would be no required change in the operation of the District's 
pump stations. 

 Hydraulic results for buildout demand conditions indicate that the simulated 
system pressure at Cantalise Drive (which is located at pressure zone break 
between Zone 20 and Zone 30) ranged from 38 to 59 psi over a 72-hour 
period. This location has an elevation of 600 feet, and a static pressure of 
41 psi based on the Zone 20 tank overflow elevation of 695 feet. 

 Hydraulic results are presented on Figures 6 and 7A. 

 This reservoir would require the construction of a new 12-inch diameter 
pipeline extending from the existing 12-inch diameter pipeline along 
Tassajara Road to the site (estimated length 1,824 LF).  

 There would be no required change in the operation of the District's pump 
stations. 

 Hydraulic results for buildout demand conditions indicate that the simulated 
system pressure at Cantalise Drive (which is located at pressure zone break 
between Zone 20 and Zone 30) ranged from 39 to 58 psi over a 72-hour 
period. 

 Hydraulic results are presented on Figures 7A and 8. 

 This reservoir would require the construction of a new 12-inch diameter 
pipeline extending from the existing 12-inch diameter pipeline along 
Tassajara Road to the site (estimated length 8,674 LF).  

 There would be no required change in the operation of the District's pump 
stations. 

 Hydraulic results for buildout demand conditions indicate that the simulated 
system pressure at Cantalise Drive (which is located at pressure zone 
break between Zone 20 and Zone 30) ranged from 39 to 59 psi over a 
72-hour period. 

 Hydraulic results are presented on Figures 7B and 9. 

New Facilities 
Required  

 New storage tank (1.26 MG) with on-site improvements.  New storage tank (1.26 MG) with on-site improvements. 

 New 12-inch diameter pipeline (1,824 LF).  

 New storage tank (1.26 MG) with on-site improvements. 

 New 12-inch diameter pipeline (8,674 LF). 

Estimated Capital 
Cost 

 Total estimated capital cost = $3.7M (see Table 2).  Total estimated capital cost = $4.7M (see Table 2). 

 Cost includes purchase of land from current property owner  
(estimated to be $150,000). 

 Total estimated capital cost = $7.7M (see Table 2). 

 Cost includes purchase of land from current property owner  
(estimated to be $150,000). 

Environmental 
Concerns/Issues 

 Site has known golden eagle nesting. The golden eagle nesting period 
generally ranges from January 1 to June 30, with peak activity from 
mid-February to April. The scheduling of the construction activities would 
need to be arranged to be outside of the nesting season. 

 Site is currently vacant, and may require environmental study before the 
construction of a new storage reservoir.  

 Site is currently vacant, and may require environmental study before the 
construction of a new storage reservoir. 
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APPENDIX E 
Cost Estimating Assumptions  

1.1 OVERVIEW 

This appendix provides the assumptions used by West Yost to estimate the probable construction 
costs for the planning and design of recommended water system facilities for the District’s water 
system. Construction costs were developed based on a combination of data supplied by 
manufacturers, published industry standard cost data and curves, construction costs for similar 
facilities built by other public agencies, and construction costs previously estimated by West Yost 
for similar facilities with similar construction cost indexes.  

Additionally, the costs presented in this appendix are for construction only and do not include 
uncertainties in estimation or unexpected construction costs (e.g., variations in final quantities) or 
cost estimates for land acquisition, engineering, legal costs, environmental review, soils 
investigation, surveying, construction management, and inspections and/or contract 
administration. Some of these additional cost items are referred to as contingency costs or 
mark-ups, and are further described in the last section of this appendix. 

All estimated construction costs have been adjusted to reflect October 2015 costs at an Engineering 
News Record (ENR) Construction Cost Index (CCI) of 11169.31 (San Francisco Average). These 
construction costs are to be used for conceptual cost estimates only, and should be updated 
regularly. Construction costs presented in this appendix are not intended to represent the lowest 
prices in the industry for each type of construction; rather they are representative of average or 
typical construction costs. These planning level construction cost estimates have been prepared for 
guidance in evaluating various facility improvement options, and are intended for budgetary 
purposes only, within the context of this master planning effort.  

The following sections of this appendix describe the assumptions used to estimate the probable 
construction costs for the planning and design of recommended water system facilities for the 
District’s potable water system: 

 Water System Construction Costs 

 Land Acquisition Cost 

 Contingency Costs and Mark-ups 

1.2 WATER SYSTEM CONSTRUCTION COSTS 

The following sections present the construction cost estimates used to project probable 
construction costs for recommended facilities in the District’s water system and are categorized 
by improvement project type. 

1.2.1 Storage Reservoirs 

Table 1 summarizes the estimated construction costs for water storage reservoirs for the size range 
of 0.1 to 6.0 MG. These costs generally include the installation of the storage tank, site piping, 
earthwork, paving, instrumentation, and all related sitework. Costs do not include land acquisition. 
It should be noted that these costs are representative of construction conducted under normal 
excavation and foundation conditions, and would be significantly higher for special or difficult 
foundation requirements. Cost assumptions are for above grade welded steel tanks.  
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Table 1. Construction Costs for Welded Steel Water Storage Reservoirs(a) 

Capacity, MG Estimated Construction Cost, million dollars 

0.1 1.3 

0.5 1.6 

1.0 2.0 

2.0 2.8 

3.0 3.6 

4.0 4.4 

5.0 5.2 

6.0 5.9 
(a) Based on October 2015 ENR CCI of 11169.31 (San Francisco Average). 

 

The demolition cost of an existing storage reservoir is estimated to be approximately $200,000. 
This cost is representative of demolition conducted under normal conditions and does not include 
costs associated with hazardous material handling (e.g., lead paint or lead based coatings). 

1.2.2 Pump Stations 

Pump stations will be required at reservoirs in order to lift water to the appropriate pressure zones. 
Estimated average construction costs for distribution pumping stations, shown in Table 2, are 
based on enclosed stations with architectural and landscaping treatment suitable for residential 
areas. It should be noted that pump station costs can vary considerably, depending on factors such 
as architectural design, pumping head, and pumping capacity. Therefore, these costs presented 
below are representative of construction conducted under common or normal conditions, and 
would be significantly higher for special or difficult conditions. 

Pump station cost estimates include the installation of the pumps, site piping, earthwork, paving, 
on-site backup/standby power generator, SCADA, and all related sitework. Station designs will be 
based on the District’s typical newer pump station configurations, which include 2 to 4 pumps 
installed in parallel to accommodate varying water demand conditions.  

Table 2. Construction Costs for Pump Stations(a) 

Firm Capacity(b), mgd Estimated Construction Cost, million dollars 

0.5 1.3 

1 1.3 

2 1.5 

3 1.7 

8 2.5 

10 2.8 
(a) Based on October 2015 ENR CCI of 11169.31 (San Francisco Average). 
(b) Equal to the total pumping capacity with the largest pump assumed out of service or on standby (i.e., firm capacity). 
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1.2.3 Pipelines 

Table 3 presents unit construction costs for potable water pipelines 8 through 24-inches in 
diameter. These unit costs are for pipeline construction in developed areas and are representative 
of pipeline construction conducted under common or normal conditions, which would be 
significantly higher under special or difficult conditions. 

The unit construction costs presented below generally include pipeline materials, trenching, 
placing and jointing pipe, valves, fittings, hydrants, service connections, placing imported pipe 
bedding, native backfill material, and asphalt pavement replacement, if required. However, the 
costs presented in Table 3 do not include the cost of boring and jacking pipe. Pipeline bore and 
jack costs are shown in Table 4 and should be added where required for this purpose. Pipeline bore 
and jack costs were used as representative of micro tunneling or other advanced pipeline costs. 

Table 3. Unit Construction Costs for Pipelines(a,b) 

Pipeline Diameter, inches Unit Construction Cost, $/linear foot 

8 200 

10 235 

12 265 

14 300 

16 335 

20 400 

24 465 
(a) Costs based on San Francisco peninsula pipeline cost estimates, scaled up to October 2015 ENR CCI of 11169.31 (San 

Francisco Average). 
(b) Costs based on ductile iron cement-lined pipe. 

 

Table 4. Unit Construction Costs for Bore and Jack(a,b) 

Pipeline Size Unit Construction Cost, $/linear foot 

8-inch diameter (16-inch diameter casing) 510 

12-inch diameter (21-inch diameter casing) 580 

16-inch diameter (24-inch diameter casing) 675 

20-inch diameter (30-inch diameter casing) 830 
(a) Costs based on San Francisco peninsula pipeline cost estimates, scaled up to October 2015 ENR CCI of 11169.31 (San 

Francisco Average). 
(b) Conductor pipe is not included in cost. 
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1.2.4 Pressure or Flow Regulating Stations and Valves 

Interconnections (i.e., pressure regulating stations or check valves) are required to provide water 
supply between pressure zones during peak demands and/or emergency conditions.  

 Pressure Regulating Stations:  

— The construction cost for a new pressure regulating station or an existing pressure 
regulating station upgrade under normal conditions is estimated to be 
approximately $270,000.  

— The construction cost for a new pressure regulating station or an existing pressure 
regulating station upgrade under special or difficult conditions (e.g., construction 
in high traffic areas) is estimated to be approximately $340,000.  

 Check Valves: 

— The construction cost for a new check valve connection is estimated to be 
approximately $6,000.  

Construction cost estimates for a pressure regulating station include the installation of control 
valve(s), a concrete utility vault, access hatches, site piping, earthwork, paving, SCADA, and 
related sitework.  

1.2.5 Backup Power Generators 

On-site backup power generators are recommended at key locations to provide power to pumps so 
that water can be pumped into the distribution system in the event of a power outage. These 
generators should be sized to meet the power demands of the pumps. The construction cost for a 
new on-site backup power generator is estimated to be approximately $250,000. This cost is 
representative of construction conducted under normal conditions, and would be significantly 
higher for special or difficult conditions. 

1.3 LAND ACQUISITION COST 

Depending on a facility’s location, the District may need to purchase property for the new facility. 
New tanks will generally be located in areas with land use designated as Open Space.  Land 
acquisition for Open Space land use is assumed to be $25,000 per acre. The regulatory agencies 
for land acquisition require acquisition of a mitigation property at a ratio of 3:1. Therefore, for 
every acre of Open Space land acquisition requested, the District is required to purchase 3 acres to 
be maintained as Open Space. The total land acquisition costs do not include any contingency or 
mark-ups.   
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1.4 CONTINGENCY COSTS AND MARK-UPS 

Contingency costs or mark-ups must be reviewed on a case-by-case basis because they will vary 
considerably with each construction project. However, to assist District staff with budgeting for 
recommended water system facility improvements, the following percentages were developed. 

 Design and Construction Contingencies (30 percent): The construction costs 
presented above are representative of the construction of potable water system 
facilities under normal construction conditions and schedules; consequently, it is 
appropriate to allow for estimating and construction uncertainties unavoidably 
associated with the conceptual planning of projects. Factors such as unexpected 
construction conditions, the need for unforeseen mechanical items, and variations in 
design and final quantities are only a few of the items that can increase project costs.  

 Professional Services (30 percent): Professional services have been divided into four 
categories as shown in the table below. Design services associated with new facilities 
include preliminary investigations and reports, right-of-way acquisition, foundation 
explorations, preparation of drawings and specifications for construction, surveying 
and staking, sampling of testing material, and start-up services. Construction 
management covers items such as contract management and inspection during 
construction. District administration, public outreach and legal covers items such as 
legal fees, financing expenses, and interest during construction. 

Design: 10 percent 
Construction Management and Inspection: 10 percent 
Permitting, Regulatory and CEQA Compliance 5 percent 
District Administration, Public Outreach, and Legal: 5 percent 
Total: 30 percent 

The total markup, including contingencies and professional services, is compounded, and amounts 
to 69 percent of the estimated construction cost. However, it must be noted that for smaller or more 
complicated projects, the design cost may increase by 10 to 20 percent of the estimated 
construction cost. 

An example application of these standard mark-ups to a project with an assumed base construction 
cost of $1.0 million is shown in Table 4. As shown, the total cost of all project markups is 
69 percent of the base construction cost for each construction project.  
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Table 4. Example Application of Mark-ups 

Cost Component Percent Cost 

Estimated Base Construction Cost(a)  $1,000,000 

Contingencies:   

Design and Construction Contingencies 30% $300,000 

Estimated Project Cost after Design and Construction Contingencies $1,300,000 

Professional Services   

Design 10% $130,000 

Construction Management and Inspection 10% $130,000 

Permitting, Regulatory and CEQA Compliance 5% $65,000 

District Administration, Public Outreach, and Legal 5% $65,000 

Estimated Professional Services Total $390,000 

Estimated Total Project Cost $1,690,000 
(a) Assumed cost of an example project. 
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Dublin San Ramon Services District 

DERWA MODEL UPDATE AND SYSTEM EVALUATION 

1.0 INTRODUCTION 

The purpose of the Dublin San Ramon Services District (DSRSD) East Bay Municipal Utility 
District (EBMUD) Recycled Water Authority (DERWA) Model Update and System 
Evaluation was to update the DERWA recycled water system hydraulic model and evaluate 
any infrastructure improvements needed to meet current and projected future demands. 

1.1 Study Area and Background 

Starting in 1995, DSRSD and EBMUD began working on the San Ramon Valley Recycled 
Water Project (SRVRWP), a joint project operated through DERWA to provide recycled 
water service to landscape irrigation customers in the San Ramon Valley and adjacent 
areas. The SRVRWP was specifically developed to provide recycled water that met Title 22 
disinfected tertiary recycled water requirements to landscape irrigation customers of 
EBMUD and DSRSD, including the City of San Ramon, City of Dublin, Dougherty Valley, 
Town of Danville, and Town of Blackhawk areas of Alameda and Contra Costa Counties. 
The recycled water deliveries began in early 2006 after the completion of the first phase of 
the program.  

The DERWA recycled water system has three components owned by three different 
agencies: 

• DERWA owns the Pump Stations R1 (at the WWTP), R200B, and R200A, as well as
reservoirs R100 and R200.

• EBMUD owns and operates the recycled water distribution pipeline system contained
within its service area, and will have two pump stations and a reservoir (future
facilities).

• DSRSD owns and operates the recycled water treatment facilities at its wastewater
treatment plant that treat wastewater from Dublin, South San Ramon and Pleasanton,
and the recycled water distribution pipeline system within its service area, along with
three pump stations, R300A, R300B, and R20, and two reservoirs, R20 and R300.

The City of Pleasanton began using recycled water from the recycled water treatment 
facilities in 2014, and will be expanding use in the future. City of Pleasanton demands are 
included in the DERWA model as a point demand on the main DERWA transmission main, 
as described below. 
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1.2 Study Purpose and Report Organization 

The purpose of this DERWA Model Update and System Evaluation Report is to document 
the work performed as part of the recycled water model update and system evaluation, and 
to support DSRSD's ongoing Water System Master Plan. This report is organized into the 
following sections: 

• Section 1: Introduction. This section provides a description of the objectives of this
study.

• Section 2: Service Area and Water System Facilities. This section provides a brief
overview of the DERWA recycled water system service area and water system
facilities.

• Section 3: Recycled Water Demands. This section summarizes current and
projected recycled water demands, including demand projections for DSRSD,
EBMUD, and City of Pleasanton customers, based on the most recent information
available.

• Section 4: Hydraulic Model Update. This section documents the process used to
update the DERWA recycled water system hydraulic model to reflect current
operational conditions.

• Section 5: System Analysis. This section provides a description of the results of the
revised system evaluation conducted as part of this project.

2.0 SERVICE AREA AND WATER SYSTEM FACILITIES 

The DERWA recycled water distribution system consists of five existing pressures zones. 
Zone R1 is served by pump station (PS) R1, which pumps recycled water from the DSRSD 
Wastewater Treatment Plant (WWTP) into the recycled water distribution system. Recycled 
water from Zone R1 is pumped into Zones R20 and R200 and recycled water from Zone 
R200 is pumped again into Zones R300A and R300B. 

Each pressure zone, except for Zone 300B is also served by a ground level or buried 
storage reservoir. Figure 1 shows the existing DERWA recycled water system. Table 1 
summarizes the major features of the recycled water distribution system. 
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Table 1 Pressure Zone Summary 

Pressure Zone 

Pump Stations Reservoirs 

Name Total Capacity (gpm) Name Volume (MG) 

R1 PS R1 8,750 Res. R100 4.5 

R20 PS R20A 3,440 Res. R20 1.5 

R200 PS R200A 
PS R200B 

3,900 
6,000 

Res. R200 4.5 

R300A PS R300A 1,250 Res. R300 0.45 

R300B PS R300B 920 -- -- 

Total -- -- -- 10.95 

3.0 RECYCLED WATER DEMANDS 

Recycled water demands vary on an annual, daily, and seasonal basis. Peaking conditions 
that are of particular significance to hydraulic analysis are the average day demand (ADD), 
maximum day demand (MDD), and peak hour demand (PHD). This section summarizes the 
existing and future recycled water demands, as well as the methodology used to generate 
these demands. 

3.1 Available Data 

The existing and future DERWA recycled water demands were generated using historical 
water meter data and projected recycled water demand information provided by DSRSD 
and EBMUD. Table 1 summarizes the data that was provided. DSRSD provided recent 
demand data for the year 2014 for both DSRSD and EBMUD accounts. 2014 was the most 
recent full year with available data. Monthly/bimonthly demand data were provided by 
account for all users. 

Hourly consumption data were based on the DSRSD recycled water accounts for 
June 2015. Only a portion of the EBMUD accounts had hourly data available, and this 
hourly data was provided for the summer of 2008 only (more recent data were not 
available). These two sources of hourly data were used to develop hourly demand patterns, 
as well as peaking factors.  



5 March 2016 – DRAFT
pw:\\Carollo/Documents\Client/CA/DSRSD/9230A00/Task 11/Deliverables\RW Evaluation 

Table 2 Summary of Available Data 

Database Name 
Database 
Format Data Type 

Time 
Frame 

Available 
No. of 

Meters(1) 

DSRSD Bimonthly Recycled 
Consumption 

Microsoft Excel 
Document 

Bi-Monthly 
Consumption 

Jan. 14 - 
Dec. 14 

366 

EBMUD 2014 Monthly 
Recycled Water Use 

Microsoft Excel 
Document 

Monthly 
Consumption 

Jan. 14 - 
Dec. 14 

46 

DSRSD Hourly Recycled 
Consumption 

Microsoft Excel 
Document 

Hourly June 2015 366 

042008_092008_ 
EBMUD_AMR 

Microsoft Excel 
Document 

Hourly 
April 08 - 
September 
08 

29 

DSRSD RW Projections(2) 
Microsoft Excel 
Document 

Annual/Max 
Day 

n/a 69 

EBMUD Recycled Water 

Projections(3) 
Microsoft Excel 
Document 

Annual n/a 100 

Pleasanton Recycled Water 
Demand Projections 

Adobe PDF 
Document 

Annual 2015-2019 n/a 

Notes: 

(1) Represents the number of individual meters or accounts provided.  
(2) Source: DSRSD recycled water demand projections, revised April 2015. 
(3) Source: EBMUD Demand Projections Phase 1 through 6, revised 03/03/2016. 

3.2 Demand Generation Methodology 

The following summarizes the methodology used to develop the recycled water demands 

summarized in this report: 

 Average Day Demand. The ADD is the total annual recycled water demand in a year

divided by the number of days in that year. The 2014 DSRSD and EBMUD data, were

used to develop the ADD for each account receiving recycled water. Future ADDs

were determined based on information provided by DSRSD and EBMUD, and were

added to the estimated existing demands.

 Minimum Month Demand. The minimum month demand (MinMD) is the average

demand for the month with the lowest demand of the year, which usually occurs in

the winter. Because bi-monthly data was provided, the MinMD is assumed to be

roughly equal to the average demand during the lowest two month period during the

year. Future MinMD estimates were developed by determining the existing MinMD to

ADD ratio and applying this factor to the future ADD estimates provided by DSRSD.
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 Maximum Day Demand. The MDD is the greatest water demand during a 24-hour

period of the year. Because hourly (and hence daily) data was not available for every

account (EBMUD accounts primarily), it was not possible to directly compute the

existing MDD. Additionally, only one month of hourly data was available for DSRSD

accounts. Therefore, to estimate the existing MDD, the MDD for all accounts with

hourly data was calculated and the ratio of MDD to ADD was determined by pressure

zone. DSRSD's historical production data, by pressure zone, was also used to

validate the estimated MDD developed using the hourly demand data. The

appropriate peaking factor was then applied to the ADD for all active accounts. Future

MDD estimates were developed by applying the existing system-wide MDD to ADD

ratio to the future ADD estimates provided by DSRSD or EBMUD.

 Peak Hour Demand. The PHD is the highest water demand during any one-hour

period of the year. Hourly data was available for all DSRSD users, but there was only

limited data for the EBMUD accounts. Therefore, a direct computation of the existing

PHD was not possible. For this reason, the PHD for all accounts with hourly data was

calculated and the ratio of PHD to ADD was determined by pressure zone. The

appropriate peaking factor was then applied to the ADD for all active accounts. Future

PHD estimates were developed by applying the existing system-wide PHD to ADD

ratio to the future ADD estimates provided by DSRSD or EBMUD.

 Daily Diurnal Patterns. Hourly demand data were provided for DSRSD users for the

period of June 2015, and EBMUD customers for the summer months of 2008 and in

2009 for selected customers. The hourly data were used to develop hourly diurnal

patterns for each pressure zone. This was accomplished by calculating the average

hourly total recycled water demands in each pressure zone. The average hourly

demands were then normalized by dividing the average hourly pressure zone

demands by the average daily pressure zone demands for the time period in which

hourly demands were available.

3.3 Existing Recycled Water Demand Summary 

Existing recycled water demand estimates, by pressure zone, are summarized in this 

section. The demand estimates were developed using the methodology described in 

Section 3.2. 

3.3.1 Seasonal Demand 

Recycled water use varies significantly based on the time of the year. Recycled water use 

is very low in the winter months and highest in the summer months. Typically, seasonal 

variation in water use is developed on a monthly basis. Monthly water use data, however, 

were not available for DSRSD accounts. Seasonal demands were therefore summarized on 

a bimonthly basis, as provided in Table 3. 
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Table 3 Seasonal Demand 

Zone 

Seasonal Demand Variation (mgd) 

Jan/Feb Mar/Apr May/June July/Aug Sep/Oct Nov/Dec 

R1 0.27 0.74 1.86 1.85 1.01 0.40 

R20 0.08 0.29 0.67 0.66 0.28 0.14 

R200 0.15 0.68 1.74 1.72 0.84 0.24 

R300A 0.04 0.22 0.58 0.56 0.21 0.08 

R300B 0.02 0.09 0.22 0.22 0.10 0.03 

City of 
Pleasanton 0.00 0.01 0.05 0.09 0.09 0.04 

Total 0.57 2.03 5.13 5.10 2.49 0.92 

Notes: 
(1) Source: Bimonthly metered recycled water demand data provided by DSRSD (2014) and 

EBMUD (2014). 

3.3.2 Average Day Demand 

The ADD was determined using the methodology summarized in Section 2.2. Table 4 
summarizes the ADD zone by pressure zone. 

Table 4 Average Day Demand Summary 

Zone 

Average Day Demand(1) 

(AFY) (gpm) (mgd) 

R1 1,153 715 1.03 

R20 397 243 0.35 

R200 1,004 625 0.90 

R300A 320 201 0.29 

R300B 128 76 0.11 

City of Pleasanton 52 32 0.05 

Total 3,054 1,892 2.73 

Notes: 
(1) Represents year 2014 ADD. ADD was calculated from bimonthly metered recycled water 

demand data provided by DSRSD. EBMUD data was calculated from monthly data for the year 
2014. 
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3.3.3 Minimum Month Demand 

As noted in Section 3.2, the MinMD is assumed to be approximately equal to the recycled 
water demand in the lowest two-month period of the year. Based on the information 
provided in Table 3, the MinMD is estimated to be roughly 0.57 million gallons per day 
(mgd) system-wide, which equates to a MinMD to ADD ratio of approximately 0.21. The 
MinMD corresponds to the January/February recycled water demands. Table 5 summarizes 
the MinMD to ADD peaking factors, by pressure zone. 

Table 5 Minimum Month Demand Summary 

Zone ADD (mgd) MinMD(1) (mgd) MinMD/ADD Ratio 

R1 1.03 0.27 0.26 

R20 0.35 0.08 0.23 

R200 0.90 0.15 0.17 

R300A 0.29 0.04 0.15 

R300B 0.11 0.02 0.18 

City of Pleasanton 0.05 0.00 0.00 

Total 2.73 0.57 0.21 

Notes: 
(1) Based on January/February recycled water demands. 

3.3.4 Maximum Day Demand 

As noted in Section 3.2, it was not possible to directly compute the MDD. The MDD was 
therefore estimated by computing a MDD/ADD peaking factor, by pressure zone, for 
accounts with hourly water use data. The resulting peaking factors were then applied to all 
active accounts in each pressure zone, as summarized in Table 6. As shown in Table 6, the 
existing system-wide MDD to ADD peaking factor is estimated to be approximately 2.5. 
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Table 6 Maximum Day Demand Summary 

Zone 
Existing ADD 

(mgd) 
MDD/ADD(1) 

Ratio 

Maximum Day Demand 

(mgd) (gpm) 

R1 1.03 2.12 2.18 1,516 

R20 0.35 2.91 1.02 707 

R200 0.90 3.00 2.70 1,875 

R300A 0.29 2.03 0.59 409 

R300B 0.11 1.85 0.20 141 

City of 
Pleasanton 0.05 2.50 0.12 81 

Total 2.73 2.50 6.81 4,730 

Notes: 
(1) Developed from available hourly metered data. 

3.3.5 Peak Hour Demand 

Similar to the MDD, it was not possible to directly compute the PHD. The PHD was 
therefore estimated by computing a PHD/ADD peaking factor, by pressure zone, for 
accounts with hourly water use data. The resulting peaking factors were then applied to all 
active accounts in each pressure zone, as summarized in Table 7. As shown in Table 7, the 
existing system-wide PHD to ADD peaking factor is estimated to be approximately 7.55. 

Table 7 Peak Hour Demand Summary 

Zone 
Existing ADD 

(mgd) 
PHD/ 

ADD(1) Ratio 

Peak Hour Demand 

(mgd) (gpm) 

R1 1.11 5.84 6.02 4,177 

R20 0.35 11.17 3.91 2,715 

R200 0.84 9.84 8.86 6,150 

R300A 0.29 7.63 2.21 1,537 

R300B 0.11 7.66 0.84 585 

City of 
Pleasanton 0.05 2.5 0.12 81 

Total 2.73 7.55 20.58 14,291 

Notes: 
(1) Developed from available hourly metered data. Represents year 2014 PHD. 
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3.3.6 Daily Diurnal Patterns 

Daily diurnal patterns were developed, by pressure zone, to represent the temporal 
distribution of water demands throughout the day. The diurnal patterns were developed 
using the procedure outlined in Section 3.2. Figure 2 shows an example diurnal pattern for 
Zone R1. Diurnals for each pressure zone are provided in Appendix A. 

Figure 2 Pressure Zone R1 Hourly Diurnal Pattern 

3.3.7 Existing Demands Summary by Agency 

Table 8 summarizes the 2014 recycled water demands by agency (i.e., DSRSD, EBMUD, 
and the City of Pleasanton) based on the data sources listed in Table 2. DSRSD accounts 
for approximately 75-percent of the total system demand on an annual basis, EBMUD 
accounts for about 23-percent of the total system demand, and the City of Pleasanton 
accounts for the remaining 2-percent of the total system demand. 
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Table 8 Existing Demand Summary 

Agency 

Existing ADD Existing MDD 

(AFY) (mgd) (% of Total) (mgd) (% of Total) 

DSRSD 2,287 2.04 75% 4.98 73% 

EBMUD 715 0.64 23% 1.71 25% 

City of 
Pleasanton 

52 0.05 2% 0.12 2% 

Total 3,054 2.73 100% 6.81 100% 

Notes: 

(1) Information based on the data sources listed in Table 2. 
(2) DSRSD data only includes demand in the recycled water distribution system and does not 

include water from recycled water fill stations at the treatment plant. 

3.4 Future DERWA Demand Summary 

Future recycled water demand estimates are provided in this section based on the most 

currently available demand projections provided by DSRSD, and the EBMUD Phase 2 

through 6 demand projections provided March 2016. Two demand scenarios were 

considered for DSRSD/EBMUD customers: 

 2020 Demand Scenario. Includes EBMUD Phase 2 and all demand increases

anticipated by DSRSD from 2015 through 2020;

 2031 Demand Scenario. Includes EBMUD Phases 3 through 6, and all post 2020

demand increases anticipated by DSRSD.

In addition, demand estimates from the City of Pleasanton were also considered, and are 

discussed in this section. 

3.4.1 Projected Increase in DERWA Demand by 2020 

Appendix B provides detailed estimates, by customer, for the 2020 demand scenario.  

Table 9 summarizes the data presented in Appendix B by pressure zone. It should be noted 

that all future demand estimates assume MDD and PHD demand peaking factors of 2.5 and 

7.55, respectively, which correspond to the existing system-wide peaking factors. 
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Table 9 Projected Increase in DERWA Demand by 2020 

Zone 

Average Day Demand Maximum Day Demand Peak Hour Demand 

(AFY) (gpm) (mgd) (gpm) (mgd) (gpm) (mgd) 

R1 816 506 0.73 1,265 1.82 3,821 5.50 

R20 97 60 0.09 150 0.22 453 0.65 

R200 1,398 867 1.25 2,168 3.12 6,546 9.43 

R300A 0 0 0.00 0 0 0 0 

R300B 0 0 0.00 0 0 0 0 

Subtotal 2,311 1,433 2.07 3,583 5.16 10,820 15.58 

Notes: 
(1) These demand projections include EBMUD Phase 2 (Zone R200), and future DSRSD demands 

projected by year 2020. 
(2) Demands do not include City of Pleasanton demands. 

EBMUD provided future recycled water demand estimates, by customer, for their Phase 2 
customers. Additionally, DSRSD provided estimates for future customers that will connect 
to the system in this time period. Customers to receive recycled water in this demand 
scenario will be located within pressure zones R1, R20, and R200, as identified in 
Appendix B. The locations of each future customer are shown in Appendix C for reference. 

3.4.2 Projected Increase in DERWA Demand from 2020 to 2031 

Appendix B provides detailed estimates, by customer, for the 2031 demand scenario.  
Table 10 summarizes the data presented in Appendix B by pressure zone. As previously 
noted, all future demand estimates assume MDD and PHD demand peaking factors of 2.5 
and 7.55, respectively. 

EBMUD provided future recycled water demand estimates, by customer, for their Phase 3 
and Phase 4 customers. Additionally, DSRSD provided estimates for future customers that 
will connect to the system in this time period. Customers to receive recycled water in these 
demand scenario will be located in the pressure zones R1, R20, R200, as well as the 
future pressure zones R3000, R4000, R5000 and R6000. The locations of each future 
customer are shown in Appendix C for reference. 
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Table 10 Projected Increase in DERWA Demand from 2020 to 2031 
 

Zone 

Average Day Demand Maximum Day Demand Peak Hour Demand 

(AFY) (gpm) (mgd) (gpm) (mgd) (gpm) (mgd) 

R1 296 184 0.26 459 0.66 1,386 2.00 

R20 31 19 0.03 48 0.07 145 0.21 

R200 0 0 0 0 0 0 0 

R300A 0 0 0 0 0 0 0 

R300B 0 0 0 0 0 0 0 

R3000 695 431 0.62 1,078 1.55 3,255 4.69 

R4000 355 220 0.32 550 0.79 1,661 2.39 

R5000 185 115 0.17 287 0.41 866 1.25 

R6000 150 93 0.13 232 0.33 702 1.01 

Subtotal 1,712 1,062 1.53 2,654 3.81 6,016 11.55 

Notes: 

(1) These demand projections include EBMUD Phase 3A-3C (Zone R3000), EBMUD Phase 4 
(Zone R4000), EBMUD Phase 5 (Zone R5000), EBMUD Phase 6 (Zone R6000) and the DSRSD 
demands projected to occur after 2020. 

(2) Demands do not include City of Pleasanton demands. 

3.4.3 Pleasanton Demands 

The City of Pleasanton provided low range and high range demand projections, which were 

included in the DERWA hydraulic model at the corner of the DSRSD Dedicated Land 

Disposal (DLD) site adjacent to Stoneridge Drive. For the purposes of this study, the high 

range demand estimate of 1,640 AFY was assumed for the 2020 and 2031 demand 

scenarios, and a 2.5 MDD/ADD peaking factor consistent with City of Pleasanton estimates. 

A diurnal pattern was not applied to the City of Pleasanton demands since peak hour 

demands will be met from City of Pleasanton storage reservoirs and not from the DERWA 

system, and therefore the PHD and the MDD are the same. The estimated 2020 MDD for 

the City of Pleasanton is projected to be 3.7 mgd, and the 2031 MDD is projected to be 4.2 

mgd.  

3.5 Recycled Water Demand Summary 

Table 11 summarizes the existing and future demands that were input into the hydraulic 

model. A map is provided in Appendix C, which identifies the locations of existing and future 

recycled water meter locations. 
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Table 11 Recycled Water Demand Summary 

Total (mgd) 

Year 
Average Day 

Demand 
Maximum Day 

Demand 
Peak Hour 
Demand 

2014 2.7 6.8 20.6 

2020 6.4 16.0 41.2 

2031 8.2 20.4 53.3 
Note: 
(1) City of Pleasanton 2014 annual demand was 46,000 gallons per day. 

Table 12 summarizes the existing and future demands by agency based on the data 
sources listed in Table 2.  

Table 12 Recycled Water Demand Summary by Agency 

DSRSD EBMUD 
City of 

Pleasanton Total 

Year 
ADD 

(mgd) 
MDD 
(mgd) 

ADD 
(mgd) 

MDD 
(mgd) 

ADD 
(mgd) 

MDD 
(mgd) 

ADD 
(mgd) 

MDD 
(mgd) 

2014 2.0 5.0 0.6 1.7 0.0(1) 0.1 2.7 6.8 

2020 3.5 8.7 1.5 3.7 1.5 3.7 6.4 16.0 

2031 3.8 9.4 2.7 6.8 1.7 4.2 8.2 20.4 
Note: 
(1) City of Pleasanton 2014 annual demand was 46,000 gallons per day. 
(2) Information based on the data sources listed in Table 2. 

4.0 HYDRAULIC MODEL UPDATE 

This section summarizes the process used to update the DERWA hydraulic model to reflect 
current operational conditions. The model was previously calibrated as part of the 
Operations Plan Update project. Model calibration was not included in the scope of this 
study. However, the model was updated to include new facilities constructed since the last 
model update, and new water demands were allocated in the model.  

4.1 Hydraulic Modeling Overview 

The hydraulic computer model of the DERWA recycled water distribution system is an 
important tool for system planning and operation. The model can be used to identify 
deficiencies in the system, plan capital improvements, and develop operation plans. 
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The hydraulic model is composed of three main parts: 

• The data file storing geometry for geographic location of facilities.

• The database that defines the physical system.

• A computer program “calculator” that solves a series of hydraulic equations to define
the performance of the water system in terms of pressure and flow.

The geographic data file provides water system facility locations in Geographic Information 
System (GIS) file format. Elements used in this file to model system facilities include pipes, 
junction nodes (connection points for pipes and location of demands), valves, pumps, and 
storage reservoirs.  

The database includes distribution system facility information such as facility size and 
geometry, operational characteristics, and production/consumption data. Facility size and 
geometries include length and diameter of pipe, reservoir dimensions, sizes of valves, and 
pump curves. Operational characteristics include parameters that control how facilities 
move water through the system, such as on and off settings for pumps, pressure controls, 
or main line valve closures. Data for production and consumption determine where the 
water enters and exits the distribution system. 

The computer program “calculator” analyzes the hydraulic information in the database file 
and generates results for pressures, flow rates, and operating status. This allows the 
hydraulic model to be used as a tool to simulate existing and future conditions, identify 
system deficiencies, analyze impacts from increased demands, and determine the 
appropriateness of proposed improvements for the system or changes to operations. 

4.2 Hydraulic Modeling Software 

There are several widely used software programs that are used to model water distribution 
systems. Each of these programs has a variety of capabilities and features. The selection of 
a particular model is generally dependent upon user preference, the requirements of the 
particular water distribution system, and the cost associated with the software. DERWA’s 
recycled water system model uses the H2OMAP® Water hydraulic modeling software 
platform, developed by MWH Soft.  

4.3 Modeled Facilities Update 

As part of this study, Carollo obtained DSRSD's most recent GIS shapefiles of the recycled 
water distribution system to identify pipelines that have been constructed (added to the 
system) since the last model update. Carollo prepared a map comparing the previous 
modeled water system facilities to the current GIS database, which identified the location of 
these pipe segments that need to be updated or added to the model. In addition, DSRSD 
provided information related to future pipelines that will be added to the system. These 
facilities were included in the hydraulic model for the 2020 and 2031 model scenarios. 
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Figure 1 shows the recycled water system facilities that were included in the updated 
DERWA recycled water system hydraulic model. 

4.4 Demand Allocation 

DSRSD provided recycled water consumption data by account for the year 2014. This data 
was used to reallocate recycled water demands in the hydraulic model.  

Using the 2014 recycled water billing data, recycled water demands were calculated for 
each customer within the service area. Address points for each billing record were 
geocoded and then linked to the nearest node in the hydraulic model. The billing record 
demands were then linked to the model and assigned as demands. Using this method, 
100 percent of all demands were assigned to a node in the model. 

4.5 Diurnal Patterns 

Daily diurnal patterns were developed, by pressure zone, to represent the temporal 
distribution of water demands throughout the day. The diurnal patterns were developed 
using the procedures outlined in Section 3.3.6. These diurnal patterns were assigned in the 
model based on pressure zone. 

4.6 Hydraulic Model Validation 

As previously discussed, model recalibration was out of the scope of this study. However, 
after the model was updated and demands were recalibrated, the model was re-run to 
make sure that the model output produced reasonable results (e.g., system flows, tank 
levels, pressures, etc.). Once this check was performed, the model was deemed updated 
and ready to use for system analysis. 

5.0 SYSTEM ANALYSIS 

The updated DERWA recycled water system hydraulic model was used to determine if 
existing demands result in delivery pressure issues within the system or if the increase in 
recycled water demands from the future customers identified in Section 3 will result in 
delivery pressure issues within the system by year 2020 and 2031. The hydraulic model 
also includes demands for the City of Pleasanton, which were applied at the corner of the 
DSRSD DLD site. 

The daily diurnal pattern used for future customers was based on the updated system-wide 
diurnal, developed as part of this study. The diurnal demand pattern represents the 
temporal distribution of recycled water demands throughout the day. In the hydraulic model, 
the diurnal demand pattern is applied to the MDD, which ultimately provides the peak hour 
system demands. 
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5.1 Analysis Criteria/Assumptions 

The primary planning criteria for recycled water system is to maintain 40 pounds per square 

inch (psi) at all delivery locations during peak use hours. The analysis also included 

consideration of peak hour velocities and head losses. Desired peak hour velocities are 

less than 6 feet per second (ft/s), and desired peak hour head losses were under 10 feet 

per 1,000 feet of pipeline (ft/1,000 ft). 

For future demand conditions, it was assumed that Pump Station R1 will be expanded, as 

the existing pump station does not have sufficient capacity to serve the projected recycled 

water demands. DSRSD is planning to upgrade the capacity of the pump station to 

15.8 mgd in the near future. Once the pump station is upgraded, it should provide sufficient 

capacity to meet the projected recycled water demands through year 2020. By 2031, the 

pump station would need to be expanded to a capacity of 18.6 mgd to meet the projected 

2031 MDD (with DSRSD, EBMUD, and Pleasanton demands considered).  

5.2 System Analysis Results 

The hydraulic model was run under year 2020 and 2031 recycled water demand conditions 

to identify areas of low pressure under PHD conditions. The model was also used to identify 

high velocity and headloss locations. In general, the hydraulic modeling analysis indicates 

that DSRSD should be able to serve the projected 2031 recycled water demands while 

meeting the established planning criteria. Notable findings from the system analysis are 

discussed below1: 

 Low Pressure Areas: As noted in the Operations Plan Update, there are a few 

isolated areas in the system that experience low pressures (below 40 psi) during PHD 

conditions. These areas are primarily driven by the service elevation rather than 

system headlosses or other hydraulic restrictions. Some customers in these areas 

have onsite booster pump stations to increase pressures as needed. Others have not 

cited any low pressure issues. For this reason, no improvements are recommended 

to address any low pressure conditions in these areas. Figure 3 shows the locations 

of the low pressure conditions during the 2031 PHD condition. 

                                                
1 Note: Updated EBMUD demand projections were provided after the initial draft of the report was 
submitted (including two additional phases - Phase 5 and 6). At the time of this revised draft, the 
planned alignments for EBMUD Phase 5 and 6, as well as any updates to the Phase 2-4 alignments, 
were not available. Therefore, the analysis results presented in the March 2016 draft of this report 
are based on the previous demand estimates. Once the updated alignment information is provided 
by EBMUD, the analysis results will be updated to reflect the revised demand projections. 



[Ú

[Ú

[Ú

UT

UT

UT

")
")

")

")

")

")

")

")

")

")

")

")

") ")")

")

")

")")

")

")

")

")

")

")
")

XW

XW

XW
XW

XW

#*
#*

#*

#*#*

#*

#*

#*#*

#*

#*

#*

#*

#*

#*#*

#* #*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*#*

#*#*#*
#*

#*

#*

#*#*

#*

#*
#*

#*

#*

#* #*

#*

#*
#*

#*
#*

#*#*

#*
#*

#*
#*

#*#*

#*

#*

#*

#*

#*

#*

[Ú

[Ú
UT

Crow Canyon Rd

Alcosta Blvd

Bollin
ger C

anyon Rd

Iron H
orse Trail

%&p(

Min PSI:  34
Elev:  606

Reservoir R3000

Pump
Station R3000

Pump Station
R200A

Pump Station
R300A

Pump Station
R300B

Pump Station
R200B

Reservoir R200
Elev:  700

Reservoir R300
Elev:  790

Reservoir R100
Elev:  598

6''

16''

30
''

12''

8''

4''

12''

16''

30
''

12
''

10'' 12
''

12''

12''

16''

24''

6''

8''

8''

8''

8''

16''

12''

16''

20'
'

8''

16''

16''

20
''

16''

8''

20
''

8''

12''

16''

30''

8''

12''
8''

12''
6''

30''

8''

16''

8''

10''

8''

20''

6''

12''

8''

12''
8''

16''

8''

16''

16''

8''

8''

6''

12''

8''

4''

16''

8''

6''

12

4''

4''

8''

4''

12''

4''

8''

12''

6''

8''

8''

6''

4''

4''

6''

4''

''

8''

10''

8''

14''

8''

8''

10''

6''

4''

8''
8''

10''

10
''

8''

6''

8'' 8''
4''

16''

6''

8''

6''

8''

8''

8''

4

12''

Min PSI:  29
Elev:  726

Min PSI:  32
Elev:  718

Min PSI:  36
Elev:  710

Min PSI:  23
Elev:  635

Min PSI:  35
Elev:  712

Min PSI:  33
Elev:  716

Min PSI:  25
Elev:  736

Min PSI:  35
Elev:  714

Min PSI:  20
Elev:  814

O
0 2,000 4,000

Feet

Note:  1.  Some customers at high elevations in Zone R300A have small booster stations to provide additional pressure.

Legend
! Existing Meters

#* Connected/Built Out by 2020

W Connected by 2020/ Built Out After 2020

") Connected/Built Out After 2020

Facilities
Ú Pump Station

T Reservoir

Existing Pipeline

Future Pipeline

n R1 (DSRSD)

n R1 (EBMUD)

n R200 (DSRSD)

n R200 (EBMUD)

n R300A (DSRSD)

n R300B (DSRSD)

n R3000 (EBMUD)

Roadways

EBMUD Service Area

DSRSD Service Area

RECYCLED WATER MAIN PRESSURES UNDER
40 PSI FOR 2031 DEMAND SCENARIO

FIGURE 3

DERWA MODEL UPDATE AND SYSTEM EVALUATION



(THIS PAGE LEFT BLANK INTENTIONALLY) 

 

 

 

 

 

 

 



19 March 2016 – DRAFT 
pw:\\Carollo/Documents\Client/CA/DSRSD/9230A00/Task 11/Deliverables\RW Evaluation 

• Shaefer Ranch/Western Dublin Area: DSRSD has projected future recycled water
demands associated with this area of roughly 208 AFY, which is located outside of
the current recycled water service area in Western Dublin. The estimated service
elevation at Shaefer Ranch is roughly 1,000 feet at the highest point. Potable water
service for this area is located within the Zone 4 pressure zone, with a maximum
hydraulic grade line elevation of 1,130 feet. In order to provide recycled water service
to this area, it would need to be boosted from pressure zone R1 into a new recycled
water pressure zone. The approximate hydraulic grade line elevation difference
between the two pressure zones would be on the order of 520 feet.

Preliminary sizing of the infrastructure required to serve this area is shown on
Figure 4, and would include the following:
– Approximately 22,600 linear feet of 12-inch diameter main
– A new recycled water pump station with a firm pumping capacity of

approximately 480 gpm and a pump head of approximately 520 feet
– A new 300,000 gallon storage tank in Shaefer Ranch
A planning level cost estimate for the infrastructure listed above is provided in 
Appendix D. As shown in Appendix D, the capital cost for the transmission main, 
tank, and pump station is estimated to be approximately 15 million dollars. Based on 
the facilities required, the District has determined that providing recycled water 
service to this area would not be cost-effective given the relatively small demand.  
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APPENDIX A – HOURLY DIURNAL PATTERNS 
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APPENDIX B – FUTURE RECYCLED WATER  
DEMAND ESTIMATES 
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