


GPM. The Warheit well is a 5 hp Franklin Electric 3-phase pump motor with an approximate 
capacity of 150 GPM. General water service is provided by Well 1 and the Warheit Well is 
reserved for emergency use. In March 2002, Todd Engineers completed an evaluation of the 
source water for the community titled “Assessment of Source Water for the Pescadero Water 
System-CSA 11” in which it was recommended that “…CSA 11 install a new production well in 
the vicinity of Wells 1 and 2 or at a lower elevation...” To date, no new production wells have 
been installed. 
 
Groundwater is currently not treated before being pumped to the community’s only water storage 
facility located at a base elevation of approximately 186.7 feet above sea level (ASL). Water 
storage is achieved in a single 140,000 gallon, 39 foot diameter cylindrical steel water storage 
tank. The on/off sequence for the groundwater wells are controlled by the water levels of the 
tank. At a low water level of 198.3 ft ASL in the tank, the groundwater pumps turn on until water 
levels in the tank reach approximately 202.3 ft ASL and the pump is shut off. 
 
The existing distribution system is gravity fed from the water storage tank. The distribution 
piping consists of approximately 190 feet of 4-inch, 2,600 feet of 6-inch and 8,100 feet of 8-inch 
diameter PVC pipe for a combined total of 10,900 feet of pipeline. According to the original 
design specifications, all distribution pipe material is PVC “Thickwall” Class 150 pipe meeting 
the requirements of SDR-18. The customer base consists of residential, commercial and water 
users. 
 
A site plan identifying the location of the major Pescadero water system facilities is shown on 
Figure 1. 

 

EVALUATION CRITERIA 

 

In order to perform the required hydraulic evaluation of the existing system and conduct 
pumping capacity evaluations, it is necessary to identify the evaluation criteria that will enable 
identification of deficiencies and judge the effectiveness of alternative improvements.  
 
Performance and evaluation criteria include: 
 

• Water demand peaking factors, including maximum day and peak hour demands for use 
in developing current demands 

• Water system operating criteria, including minimum and maximum distribution system 
pressures and minimum and maximum pipeline velocities and head loss under a fire flow 
demand 

• Storage criteria include the amount of water storage capacity available to meet 
operational and fire service needs 

 

Water Demand 

 
Bimonthly historical demand data dating to December 2005 was provided by the County to 
determine annual average day demand (ADD) for the system. Historical data is summarized in 





Table 1.  Peaking factors were then applied to yield maximum day demand (MDD) and peak 
hour demand (PHD) for evaluation. Water demand peaking factors represent the increase above 
average day demand experienced during a specified time period and are prescribed per the 
California Department of Public Health (CDPH) California Waterworks Standards 
recommendations.  

Table 1 

Pescadero Historical Water Demand 

 

2006 

Billing Period Days/period 

Water 

Consumption
(1)
 

(Units) 

Water 

Consumption  

(Gal) 

ADD  

(Gal/Day) 

MDD
(2)
 

PF 

MDD 

(GPD) 

PHD
(2)
  

PF 

PHD 

(GPM) 

DEC 05-JAN 06 62 1,500 1,122,000 18,097 1.5 27,145 1.5 28.3 

FEB-MAR 59 1,658 1,240,184 21,020 1.5 31,530 1.5 32.8 

APR-MAY 61 1,730 1,294,040 21,214 1.5 31,821 1.5 33.1 

JUNE-JULY 61 2,626 1,964,248 32,201 1.5 48,301 1.5 50.3 

AUG-SEPT 61 2,772 2,073,456 33,991 1.5 50,987 1.5 53.1 

OCT-NOV 61 1,925 1,439,900 23,605 1.5 35,407 1.5 36.9 

Total 365 12,211 9,133,828 25,024         

2007 

DEC 06-JAN 07 62 1,463 1,094,324 17,650 1.5 26,476 1.5 27.6 

FEB-MAR 59 1,694 1,267,112 21,476 1.5 32,215 1.5 33.6 

APR-MAY 61 1,901 1,421,948 23,311 1.5 34,966 1.5 36.4 

JUNE-JULY 61 2,714 2,030,072 33,280 1.5 49,920 1.5 52.0 

AUG-SEPT 61 2,529 1,891,692 31,011 1.5 46,517 1.5 48.5 

OCT-NOV 61 1,997 1,493,756 24,488 1.5 36,732 1.5 38.3 

Total 365 12,298 9,198,904 25,202         

2008 

DEC 07-JAN 08 62 1,604 1,199,792 19,351 1.5 29,027 1.5 30.2 

FEB-MAR 59 1,851 1,384,548 23,467 1.5 35,200 1.5 36.7 

APR-MAY 61 2,405 1,798,940 29,491 1.5 44,236 1.5 46.1 

JUNE-JULY 61 2,303 1,722,644 28,240 1.5 42,360 1.5 44.1 

AUG-SEPT 61 2,448 1,831,104 30,018 1.5 45,027 1.5 46.9 

OCT-NOV NA NA NA NA NA NA NA NA 

Total 304 10,611 7,937,028 26,109         

Note: 
(1)
 Data summarized from billing records provided by the County of San Mateo. 

(2)
 A Peaking Factor (PF) of 1.5 was used per the CDPHS Waterworks Standards

. 

 
The MDD represents the highest daily demand for the entire year. Water systems are typically 
evaluated under MDD conditions or MDD plus fire flow conditions.  The PHD represents the 
highest hourly demand on the entire system and simulates the highest flow rate expected on the 
hottest day of the year and is sometimes considered the “worst case” scenario. Due to Pescadero 
being a small community with a low MDD, the PHD will be utilized for this evaluation. This 



condition allows the system to be stressed at a higher demand rate to ascertain if supply sources 
and pipeline carrying capacities are adequate.  
 
Based on the County provided data, the maximum bimonthly usage occurred in 
August/September of 2006. Records indicate that during this period an ADD of approximately 
33,991 gallons per day or 24 gallons per minute (GPM) was used. A peaking factor of 1.5 was 
applied to ADD to achieve a MDD of approximately 35 GPM (24 GPM x 1.5 = 35.4 GPM). 
Another peaking factor of 1.5 was applied again to the MDD to obtain a PHD of approximately 
53 GPM.   Therefore a demand of 53 GPM plus fire flow will be utilized in the evaluation of the 
Pescadero water system.  
 
A complete listing of the historical water demand data is provided in Appendix A. 
 

Operating Criteria 

 
In evaluating the water system hydraulic operation, it is desirable for normal operation service 
pressure to be between 40 and 80 psig. Per the fire code, the minimum allowable service pressure 
at the fire hydrant under fire demand conditions is 20 psig. Communities with service pressure 
above 80 psig typically require connections to have pressure reducing valves (PRV) to decrease 
the potential for damage to internal plumbing facilities of homes and commercial business. The 
maximum allowable service pressure for the system is determined by the pressure rating of the 
distribution pipe material. In the case of the Pescadero water system the pipe material is PVC 
Class 150 pipe meeting SDR-18 requirements. PVC pipe of this type has a maximum allowable 
short term operating pressure of 377 psig. For the purpose of this report the allowable minimum 
service pressure for service nodes in the Commercial District in a fire flow event is assumed to 
be 20 psig. 
 
Other criteria related to the distribution system piping include maximum and minimum velocity 
and the maximum allowable friction head loss. Pipeline velocity should be limited to 
approximately 8 feet per second (fps) under normal operation. Velocities could increase to 
approximately 10 fps without damage if not sustained for long periods. There is no minimum 
velocity requirement in water system design. Low velocities and stagnant flow in pipelines is 
discouraged as water age increases and water quality suffers.   
 
As long as maximum velocity and pressure criteria are not violated, high head loss by itself is not 
an important factor. However, a pipe segment with high head loss may serve as a warning that 
the pipe is nearing the limit of its carrying capacity and may not have excess capacity to perform 
under more stringent conditions. It is normally good practice to limit head loss to no greater than 
10 feet per 1,000 feet (ft/kft) under fire flow conditions. 
 

Water Storage 

 
Water supply sources must be large enough to meet the various water demand conditions and 
also be able to meet some demand during emergencies such as power outages and natural 
disasters. Per Section 64554 of the CDPH California Waterworks Standards, it is required that at 



a minimum “For [water] systems with less than 1,000 service connections, the system shall have 
storage capacity equal to or greater than MDD, unless the system can demonstrate that it has an 
additional source of supply or has an emergency source connection that can meet the MDD 
requirement”.  The American Water Works Association (AWWA) recommends more 
conservative water storage goals based on three categories: 
 

• Operational storage volume 

• Fire storage volume 

• Emergency storage volume 
 
Operational storage volume is the amount of storage capacity in a system to absorb fluctuations 
of demand versus supply.  Ideally, water supply sources are sized to provide the maximum day 
demand, with gravity storage capacity delivering the remainder during peak demand periods.  
With adequate operational storage capacity, system pressures are stabilized and adequate storage 
capacity can be provided for fire and emergency use. AWWA recommends an operational 
storage capacity of 25 percent of the maximum day demand for each pressure zone. 
 
Fire storage volume is provided for fire-fighting purposes to allow gravity flow in the event the 
source flow is interrupted.  Fire storage volumes vary and are based on the specified fire flow 
rate for a specified duration as determined by fire code. The local Fire Marshall has required that 
the Pescadero community must meet a minimum fire flow requirement of 1,500 GPM for 2 
hours. In order to meet the required fire flow quantity and duration, a minimum fire storage 
volume of 180,000 gallons is required (1,500 GPM x 60 min/hr x 2 hr = 180,000 gallons).  
 
Emergency storage volume is the storage volume available to meet demands during emergency 
situations such as pipeline failures, major trunk main failures, pump failures, electrical power 
outages or other natural disasters. The volume of water allocated for emergency use is 
determined by historical record of emergencies experienced and by the amount of time which is 
expected to lapse before the emergency can be corrected.  The amount of emergency storage 
volume included within a particular water system is typically Agency-specified, based on an 
assessment of risk and the desired degree of system reliability.  In California, emergency storage 
volumes range from 50 percent of ADD to over 100 percent of MDD.  The lower criterion would 
apply to systems with a single pressure zone, adequate and reliable water supply sources (usually 
with emergency power) and redundant sources. 
 
The existing Pescadero community system contains one 140,000 gallon water storage tank 
supplied by two groundwater wells. The available Pescadero water storage is equivalent to a fire 
flow capacity of approximately 1,150 GPM for two hours (140,000 gallons/2 hrs /60 min= 
~1,150 GPM) with no residual for operation or emergency storage.  

 

HYDRAULIC EVALUATION 

 

The existing water system was modeled using H2ONET. H2ONET is a comprehensive water 
hydraulic network modeling software program marketed by MWHSoft that has many features 
and graphical interface capabilities developed for analyzing water systems under static or steady 



state situations. Using H2ONET, a simplified hydraulic model representing the Pescadero water 
system was created and used to analyze the system under different proposed alternatives. 

 

A multiple-step approach was developed to analyze the system under the PHD plus fire flow 
demand.  Step 1 was to determine the existing water source capabilities and the existing peak 
demand of the community. Information provided by the PMAC and the County was utilized to 
determine the demand criteria for the community and has been presented in Table 1. These 
demands were then placed within the water model to accurately reflect the approximate demand 
within the different regions of the system. Step 2 was to develop the evaluation criteria. 
Evaluation criteria help to determine the capabilities under which the existing system can 
perform and to determine the deficiencies in meeting the ultimate fire flow demand goals. 
Finally, step 3 was to run the model and determine the pumping requirements that must be 
applied to overcome the deficiencies created under the new fire flow conditions and to evaluate 
the effects on the system. 
 
Three scenarios were developed and evaluated. The first scenario represents the existing system 
under an increased fire flow of 1,500 GPM with gravity flow, the second scenario represents the 
existing system under an increased fire flow of 1,500 GPM with the inclusion of a fire protection 
pump and in Scenario 3, a fire flow analysis is conducted with improved distribution main sizes 
to achieve fire goals by gravity flow. The hydraulic model output results include flow, velocity 
and head loss for all pipe segments and pressure and hydraulic gradient for all network nodes in 
the system. This information can be compared to the evaluation criteria to determine hydraulic 
adequacy. Solutions to correct identified deficiencies can then be run with the model to 
determine their effectiveness. 
 
The hydraulic analysis was performed under steady-state conditions. Extended period 
simulations were beyond the scope of work. Steady-state conditions represent a specific snapshot 
in time. Demand scenarios are intended to stress the system with the highest expected flow rates 
through the system. If the system can function under these stressed conditions, then it is 
anticipated that lower demands can be accommodated. Fire flow demands are applied to the 
Commercial District only. The Commercial District is defined by the services on Stage Road 
located between Pescadero Creek Road and North Street. In addition, the analysis has extended 
the sphere of influence to incorporate an Irmandade do Divino Espirito Santo (IDES) Hall on 
Stage Road south of Pescadero Creek Road.   

 

Scenario 1 

 
In Scenario 1, the existing Commercial District of the Pescadero water system was evaluated 
under PHD conditions and fire flow conditions. The fire flow analysis consisted of applying a 
fire flow demand at the nodes representing existing fire hydrants within the Commercial District 
and determining if the 20 psig residual pressure criterion is met.  Hydraulic model results 
indicate that in a fire flow event, velocity criteria in the primary distribution main remains below 
the 10 fps criteria but head losses exceeding 10 ft/kft occur over the distribution main. As a result 
of the high head losses system pressure suffers and residual pressure criteria are violated.  
 



Scenario 1 model results confirm that the Pescadero water system is not capable of supporting a 
fire flow of 1,500 GPM. The most significant deficiencies for the Commercial District occurs at 
Node J46 located at the south end of Stage Road south of Pescadero Creek Road. Theoretically if 
the internal service pressure falls below 0 psig a vacuum can be created resulting in the potential 
for the pipeline to collapse and/or contaminated water being drawn into the distribution system. 
During typical operation, negative pressures are very difficult to achieve. Based on model results 
it has been determined that the maximum available fire flow for the Commercial District with a 
20 psig residual is approximately 846 GPM. 
 
Hydraulic modeling results for Scenario 1 are included as Appendix B 
 

Scenario 2: 

 
In Scenario 2, the existing Pescadero water system was evaluated under fire flow conditions with 
a fire protection pump and an additional 70,000 gallons of water storage added to the existing 
water tank site. The purpose of the fire protection pump is to boost the system pressure in a fire 
flow event.  
 
Based on model results from Scenario 1, it was determined that the most deficient fire hydrant in 
the Commercial District in a fire flow event occurs at Node J46. The residual pressure at Node 
J46 was modeled to be -81.47 psig. In order to meet a 20 psig residual at this fire hydrant, 
approximately 101.47 psig (233 ft head) of pressure must be added to the system ( |-81.47| psig + 
20 psig = 101.47 psig). This in turn is the theoretical minimum rated capacity of a pump that 
must be added to the system to meet residual pressure criteria. If a residual pressure of 20 psig 
can be met at Node J46, the most deficient node of the evaluated area, then it can be assumed 
that residual pressure can be met at all other fire flow locations in the Commercial District.  
 
Utilizing a pump sized for approximately 108 psig equivalent to (250 feet of head) located at the 
water storage tank, the fire flow analysis for the Commercial District was rerun. A pump of 108 
psig was used and includes 7 psi of additional pressure to act as a buffer and provide an 
allowance for minor losses in the distribution system and across the pumping equipment.  
 
Model results for Scenario 2 indicate that with a fire protection pump sized for approximately 
108 psig or 250 ft of head and adequate water supply,  all fire hydrants within the Commercial 
District are capable of meeting fire flow requirements of 1,500 GPM with a minimum of 20 psig 
pressure residual. Under a fire flow event pipe velocity approaches but does not exceed the 10 
fps criteria but as expected high head losses exceeding 10 ft/kft occurred over the distribution 
mains. Although undesirable, violation of the head loss criteria is expected and unavoidable due 
to the undersized distribution mains. The hydraulic model results for Scenario 2 indicate that it is 
feasible to provide a pump at the water storage tank to increase fire flow to 1,500 GPM without 
violating evaluation criteria. 
 
Something to note is that while a pump provides the additional pressure required to meet the fire 
code requirements, it also has the effect of increasing the service pressure at all nodes in the 
system. Service pressure of nodes along the distribution main on Pescadero Creek Road between 



the storage tank and the Commercial District see the greatest increase when incorporating a 
pump. Many of the nodes increase in pressure above the maximum recommended 80 psig. In 
order to reduce the potential for damage to residential and commercial plumbing systems as a 
result of the pressure increase caused by a pump turning on, it would be necessary for all service 
connections to have a PRV installed.  
 
Hydraulic modeling results for Scenario 2 are included as Appendix C. 
 

Scenario 3 

 
In Scenario 3, an alternative was evaluated to determine the required upsizing of the distribution 
system in order to meet the required 1,500 GPM fire flow by gravity flow with 70,000 gallons   
additional water storage instead of utilizing a pump. Gravity flow is much preferred to 
mechanical pumping as there is no potential for mechanical or electrical failure that would 
inhibit water service.  
 
It was determined that in order to meet a 1,500 GPM fire flow in the Commercial District the 8- 
inch diameter distribution main from the water storage tank through the Commercial District on 
Stage Road would require upsizing by one pipe size to a 10-inch diameter pipe. In addition the 6- 
inch diameter pipeline on Stage Road south of Pescadero Creek Road would require upsizing one 
size to an 8-inch diameter pipe. Upsizing the pipelines would effectively allow for greater 
capacity of flow with reduced head losses and velocities incurred in the system. The ability to 
meet the fire flow requirement by gravity flow is the most desirable alternative.    
 
Hydraulic modeling results for Scenario 3 are included as Appendix D. 
 

RESULTS 

 
The purpose of this report is to evaluate the feasibility of installing a fire protection pump at the 
existing water storage tank to help achieve the minimum fire flow requirements of 1,500 GPM 
for 2 hours in the Pescadero Commercial District only.  The following recommendations are 
intended to address the storage capacity deficiencies and pumping capacity requirements for the 
Pescadero Commercial District only. All recommendations are based on steady state analysis of 
the existing Pescadero water system and do not consider future community growth or future 
water demand. Analysis is based on a hydraulic model using H2ONET and the previously 
determined evaluation criteria for storage and water distribution.   
 

Storage   

 
Per Section 64554 of the CDPH California Waterworks Standards the required water storage for 
the Pescadero community must be equal to approximately 51,000 gallons. Currently the 
Pescadero community meets the minimum requirements with the existing 140,000 gallon water 
storage tank.  Although the Pescadero community meets the minimum storage requirements per 
the CDPHS, the community does not have enough water storage capacity to meet the fire flow 
requirements. As mentioned previously, typical storage is composed of three categories: 



operational, fire flow, and emergency. Recommended storage requirements per the American 
Water Works Association (AWWA) are provided in Table 2.  

 

Table 2 

AWWA Storage Requirements 

 

Storage AWWA Recommendation Required  

Volume (Gallons) 

Available 

Volume (Gallons) 

Operational 25% of Maximum Day Demand 13,000 51,000 

Fire 1,500 GPM for 2 hrs 180,000 72,000 

Emergency 50% of Average Day Demand 17,000 17,000 

Total  210,000 140,000 

 
Based on AWWA recommendations the Pescadero community would need to provide a total 
storage capacity of 210,000 gallons.  Provided that the existing Pescadero water system currently 
has 140,000 gallons of water storage available, an additional 70,000 gallons of storage is 
required in all proposed Scenarios. Due to the low water demand, it may be unreasonable for 
Pescadero to be required to meet the Fire Marshall and AWWA recommendations. Small 
communities with large storage reserves typically encounter water quality problems due to the 
low turnover rate.  
 
An alternative to augment the Pescadero storage capacity may include the use of the existing 
source well pumps to increase the water capacity available in an emergency event. The 
Pescadero source well pumps are capable of providing approximately 195 GPM when operated 
in unison. This is more then enough water to satisfy the CDPH and AWWA operational storage 
requirement. If combined with the existing storage capacity, this is almost enough to satisfy the 
fire demand with no storage reserve.  It is recommended the County further discuss the storage 
and flow requirements with the local Fire Marshall to possibly negotiate a reduced fire flow 
requirement and/or develop potential alternatives. It is the recommendation of this report that 
Pescadero be capable of meeting the minimum fire flow requirements prescribed by the Fire 
Marshall through water storage capacity, source water pumping capacity, or a combination of the 
two.  
 
If the County decides to construct new water storage facilities at Pescadero, preliminary aerial 
review of the existing tank site indicates that there appears to be ample area for new tank 
construction. An alternative to using the existing tank site would be to locate additional water 
storage elsewhere within the community. Prior to design of a new tank, it is recommended that a 
formal tank siting study be conducted along with a geotechnical review of the site.  
 
Due to the recent volatility in the steel market it is difficult to provide a conceptual level of cost 
for new steel tank construction. Conceptual level estimates for the cost of construction for the 
two tank options provided are included in Table 3. Cost of water storage tanks include labor, 
material, equipment, supervision and insurance required to erect one steel water storage tank on a 
concrete ring wall foundation including coatings, disinfection and water quality testing 
installation and typical appurtenances including manways, roof hatches, access ladders, water 



sample taps and level gauge. A 15% engineering design contingency and a 25% construction 
contingency have been included. Costs do not include potential fees associated with 
environmental or geotechnical studies nor do they incorporate costs associated with potential 
demolition of the existing water storage tank. A more detailed cost of construction should be 
completed during design. 
 

Table 3 

Conceptual Level Estimated Cost of Construction 

 

Tank Tank 

Cost 

Design 

Contingency 

Construction 

Contingency 

Total 

Cost 

New 210,000 Gallon 
Welded Steel  

$270,000 $40,000 $77,000 $387,000 

New 70,000 Gallon 
Welded Steel 

$193,000 $29,000 $55,000 $277,000 

 

Issues that must be addressed during design of the new water storage facilities include where to 
best site a tank and how to maintain water quality. Due to the small demand in Pescadero it can 
sometimes prove difficult to maintain sufficient water quality in the storage facilities. Typically a 
water storage tank should see regular fluctuations in tank water levels indicating turnover of 
storage water.  Stagnant water can lead to health concerns due to degradation in water quality 
including dissipation of chlorine residual and increased microbial growth. 

 

Fire Pump 

 

Based on the hydraulic model analysis of the Pescadero Commercial District it has been 
confirmed that the Pescadero water system is not capable of meeting the fire flow requirements 
of 1,500 GPM without violating the 20 psig residual pressure criteria or water storage capacity 
criteria. Per the hydraulic results of Scenario 1, it was determined that the most hydraulically 
deficient node in the Commercial District occurs at the fire hydrant at the end of Stage Road 
south of Pescadero Creek Road. Under a fire flow event this node is deficient approximately 101 
psig or 232 feet of head. 
 

In order to overcome this deficiency in system pressure, one option would be to install a fire 
protection pump to boost the system pressures in a fire flow event.  A fire protection pump must 
be appropriately sized to provide a pressure increase at least equal to the greatest deficiency in 
the evaluation plus the minimum residual goal. Hydraulic model results from Scenario 1 indicate 
that the maximum available flow capacity that can be met by gravity is 849 GPM. This is the 
maximum flow which can be sustained by gravity flow to meet the required system pressures. 
Hydraulic model results from Scenario 2 indicate that in a fire flow event, a pump with the rated 
capacity of 1,500 GPM and 108 psig pressure is sufficient to meet fire flow requirements and 
maintain system residual pressure.   
 
Pumps are classified either as constant speed pumps, which continuously supply flow and 
pressure defined by a pump characteristics curve at a single speed, or variable speed pumps, 



which operate at different speeds using a variable frequency drive (VFD) to adjust the motor 
speed. Both pump types are controlled and operated in such a way that the target hydraulic 
characteristics of desired pump flows or target hydraulic heads are achieved. Generally, constant 
speed pumps are less flexible than variable speed pumps when serving target hydraulic 
characteristics in a system. A variable speed pump utilizing a VFD controller allows a pump to 
vary its speed according to the preset target requirement of the pumping system. 
 
Fire protection pumps are typically categorized as vertical turbine or horizontal centrifugal type. 
Either pump can be constant speed or variable speed and is highly customizable and capable of 
meeting most pumping flow and head requirements. Typically horizontal centrifugal split case 
pumps are used for fire protection purposes.  
 
For the Pescadero water system, two horizontal centrifugal split case pumps and two power 
sources with variable frequency drives can be utilized. Target operating range for each pump 
should be between 800 GPM at 300 ft head and 1,500 GPM at 250 ft head. Pumps may be 
powered by an electric motor or a diesel engine. Electric motors require backup generators 
incase of a power outage. Diesel fire engines are recommended as they are independent of the 
local electric power grid and offer greater reliability during a power outage. One pump would 
serve as the primary service in the event of an emergency and the remaining pump would serve 
as a standby in case of failure or the need to take the primary pump offline for maintenance and 
repair.  
 
Advantages of installing a fire protection pump at Pescadero include: 
 

• Reduced short term costs. 

• Ability to meet fire flow demand. 
 
Disadvantages of installing a fire protection pump at Pescadero include: 
 

• Pumps contain many mechanical working parts that can fail rendering the pump 
ineffective during an emergency event. 

• Pumps require periodic testing, maintenance and repair that can be time consuming and 
more costly in the long term. 

• Pumps require reliable energy sources (fuel or electricity) that can be costly to connect 
and maintain. 

• Pumps increase the head pressure within distribution pipelines. This increase in pressure 
puts a greater stress on the system and requires that PRV be installed on all service 
connections 

• Pumps introduce high flow capacity of water into a closed system creating the potential 
for over pressurizing the system. 

• Pumps require complex control systems for determining the automated on/off sequence 
including additional a pressure monitoring system appropriately located within the 
distribution network.  



• Pumps increase the risk of damage to distribution facilities by increasing the probability 
of water hammer occurring within the system.  

 
The pump controls for a fire pump at Pescadero would be complex and entail additional analysis 
for appropriately locating the sensor monitoring equipment and determining the on/off signal 
pressure limits. Under peak demand conditions the expected pressure change compared to 
average day demand within the distribution network is small. This is a result of the low system 
demands and little elevation change in the body of the distribution network. Therefore 
appropriate variations in system pressure must be considered when setting target pressures for 
the on/off sequencing of the pumps. An inappropriately placed monitoring system may trigger 
pumps to turn on in a high demand situation when the pumps are not necessary. Unnecessary 
start and stops of the fire pumps may lead to a reduced life expectancy of equipment and the 
need for additional maintenance or repair.  
 
In general, the pump on/off control sequence is determined according to the preset target 
requirement of the pumping system. The prescribed target can be a nodal pressure or a variable 
speed discharge. Once the target has dropped below a predetermined pressure head, a signal 
would be sent to the pump controls to turn the pump on. An internal controller processes the 
signal and adjusts the speed of the pump to match the preset pressure. If the pressure is lower 
than the set point, the VFD will speed up the pump to increase the system hydraulic head. 
Conversely, if the pressure is higher than the set point, the VFD will slow down the pump. Once 
the fire event has passed and system demand begins to drop, pumps would continue to cycle 
down until pressure head within the system has been restored to the target level, at which time 
the pumps would receive a signal from the transducer to turn off and gravity flow from the tanks 
would resume.  
 
It must be noted, extra attention is required for programming the on/off controlling sequence of 
the fire pumps. If the pumps are on in an emergency and the fire hydrants are suddenly closed, 
water will continue to enter the system for a brief period prior to the target node signaling the 
pumps to shut off. The sudden decrease in velocity of water in the pipes, due to the hydrant 
closer, causes an increase in water pressure referred to as water hammer. Water hammer can 
damage system facilities and may possibly require costly system repairs and the temporary loss 
of some water service. An analysis of the risk of water hammer was out of the scope of work. It 
is recommended the County conduct an in depth water hammer analysis prior to construction of 
a fire pump at Pescadero. 
 
Peerless Pump and Fairbanks Morse are two pump manufacturers experienced in providing 
pumping products, services and installation for the Pescadero community. Individual pump 
components or complete packaged fire pump systems can be purchased and are built to NFPA 20 
standards and are Underwriter Laboratories (UL) and/or Factory Mutual (FM) System approved.   
 
A packaged pump system would be ideal for meeting the Pescadero Commercial District’s fire 
protection needs. Ample space at the existing tank site would allow for optimal siting of a 
packaged unit adjacent to the tank. Packaged systems include all system components necessary 
including: 



 

• Horizontal Centrifugal Pumps 

• Variable frequency drives 

• Controllers 

• Standard Valves 

• Drivers 

• Pressure switch  

• Electrical wiring 

• Diesel fired engine or electrical driven motor 

• Battery/fuel tanks and fuel lines 

• Optional enclosure building including lighting, heating, thermostats. 
 
Packaged systems provide single source system responsibility that helps to eliminate many 
potential field installation interface problems.  Packaged systems are available utilizing various 
fire pump types and numerous arrangement configuration options. All major components are 
included and are ready for installation and operation.  
 
Packaged systems including two UL/FM certified horizontal split case centrifugal pumps with  
variable frequency drive rated for 800-1,500 GPM with an ultimate design point of 1,500 GPM 
at 250 feet of head, enclosure units and diesel engine has a total estimated cost of  $250,000 
including a 15% contingency for engineering design and a 25% contingency for construction. 
Estimated cost of construction is budgetary only and does not include any fees associated with 
environmental or geotechnical studies that may be required prior to design. A more detailed 
estimate of construction cost should be completed during design. 
 
Budgetary proposals and additional pump literature including an example layout is included as 
Appendix E. Specific pump system inquiries can be directed to either Eric Silva of The Brown 
Company or Kevin Hall of Pump Repair Service Co. 
 
 Fairbanks Morse Pump Systems 
 
 Eric Silva 
 The Brown Company 

28847 Mack Street 
Hayward, CA 94545 

 (510) 886-5260 
  
 Peerless Pump Systems 
 
 Kevin Hall 
 Pump Repair Service Co. 
 405 Allan Street 
 Daly City, CA 94014 
 (415) 467-7442 



 
As was demonstrated in the hydraulic results of Scenario 3, if additional storage of 70,000 
gallons was added and the existing 6-inch and 8-inch diameter distribution main located in 
Pescadero Creek Road and Stage Road between the distribution tanks and the Commercial 
District were upsized one pipe diameter, or if a parallel pipeline with equal or greater diameter 
was installed, fire flow goals can be met by gravity flow.   
 
Advantages of a gravity flow system at Pescadero include: 
 

• Reduced head loss in distribution pipes allowing for increased flow capacity with 
minimal stress on piping facilities in emergency events. This increases the life 
expectancy of the pipelines as well as reduces the risk of pipe failures (breaks). 

• No risk of water service failure due to mechanical failure.  

• PVC pipelines have a life expectancy of 50 plus years when operated within design 
limits. 

• Due to the lack of mechanical working parts gravity feed systems require minimal 
maintenance and repair thus decreasing annual operation and maintenance costs.  

• Extremely low risk of water hammer 

• Individual pressure reducing valves on service connections are not necessary.  
 

Disadvantages of a gravity flow system include: 
 

• Increased short term cost for upsizing approximately 7,000 feet of 8-inch diameter pipe 
and approximately 800 feet of 6-inch diameter pipe.  

 
Typical new pipe installation uses traditional trenching methods referred to as “open cut 
construction”. Open cut construction is preferable for general pipe construction in roadways with 
low vehicular traffic and minimal subsurface utility crossings. A conservative estimate of cost 
for materials and installation of new upsized pipeline with open cut construction is $65/LF. 
Assuming approximately 7,800 LF of new pipeline is required per Scenario 3, an estimate of 
probable construction cost to install a new upsized pipeline is approximately $729,000. Estimate 
fee is budgetary only and includes a 15% contingency for engineering design and a 25% 
contingency for construction but does not consider costs associated other services such as traffic 
control, environmental, geotechnical, or pump bypassing.  
 
RECOMMENDATIONS: 
  
In all water systems it is ideal to design and operate facilities utilizing gravity flow when 
possible. Gravity flow provides water service through adequately sized distribution pipes by 
using the head pressure differential between water source or storage facilities and the service 
nodes. Due to the local topography and location of the existing water storage tanks the Pescadero 
system has ample pressure head differential to meet the fire flow goals in the Commercial 
District but is limited by the storage capacity and size of the distribution pipes. This was 
confirmed in Scenario 1.  
 



As demonstrated in Scenario 2 and 3, two options for meeting fire flow requirements include 
augmenting the water supply with minimum 70,000 gallons of water storage and installing a fire 
pump or upsizing the water system pipeline. Table 4 and Table 5 summarize the basic required 
facilities and conceptual level estimate of probable construction cost for each scenario, 
respectively.  
 

Table 4 

Summary of Required Facilities 

 

Facilities > Additional  

Water Storage 

Fire  

Pump 

Control/Monitoring 

 System 
Increased Diameter 

Pipeline PRV Scenario 

2 X X X - X 

3 X - - X - 
Note: 

1 This table is for summarizing the major facilities required for each presented scenario. A complete 
evaluation of required facilities will be determined during final design. 

 

Table 5 

Conceptual Level Estimated Cost of Construction
1
 

 

Scenario 

Water 

Storage
2
 

Fire Pump 

Packaged System 

Control/Monitoring 

System 

New 

Pipeline Total 

2 $277,000 $250,000 $15,000 - $542,000 

3 $277,000 - - $729,000 $1,006,000 
Note: 

1 Fee estimates are budgetary and consider material and construction costs only. 
2 For estimation purposes a 70,000 gallon water storage tank was assumed per Table 3 of this report.  

 
It is the recommendation of this report that although installation of a fire protection pump at the 
water storage facility is feasible for meeting new fire code requirements of 1,500 GPM for 2 
hours, it is advised that the County of San Mateo and the Pescadero Municipal Advisory 
Committee strongly reconsider the alternative of upsizing the Pescadero water system 
distribution mains to meet fire flow goals by gravity. Gravity flow systems are much more 
reliable for water service and the long term costs of maintenance and repair prove less costly to 
providing adequate fire protection and water service than when compared to a fire protection 
pump.  
 
 
 
 

 

 

 

 






























































































































