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1 Executive Summary 
This Water System Master Plan (WSMP) report commissioned by the City Council, presents the results of 
a hydraulic analysis as well as an assessment of several factors relating to the condition of the City’s 
water distribution system pipelines, specifically: pressure constraints, age, number of leaks, outages, 
and fire flow, focusing upon the development of a Water System Improvement Plan’s (WSIP) 
Distribution Main Replacement Program (DMRP).  


1.1 Water Demands 
The City is a built-out community consisting of primarily residential users with relatively small amounts 
of commercial, industrial, and governmental users. The existing average daily demand is just below 2 
mgd. The City’s 2015 Urban Water Management Plan (UWMP) projects an increase in overall annual 
water use of 28.9% by 2040 equating to an average daily demand of 2.4 mgd.  


1.2 Hydraulic Model  
IDM developed a hydraulic model of the City’s water distribution system from the City’s GIS 
geodatabase, available facility schematics, and demand information from the City’s water customer 
billing database. The model, which is a detailed representation of the City’s system, was first calibrated 
and verified against field measurements and then used to assess hydraulic deficiencies within the City’s 
system and identify system improvements. 


1.3 Evaluation 
IDM used the calibrated hydraulic model to evaluate distribution system performance. The analyses 
were performed using steady-state modeling for both existing and buildout periods. Hydraulic 
simulations included peak hour and maximum day demand plus fire flow conditions to assess system 
pressures and the system’s ability to meet fire flow requirements.  


The evaluation identified the following: 


• There are areas in all major zones with pressures greater than 120 psi which exceed the 
maximum pressure criteria. It is recommended the customers in these locations have individual 
pressure regulators. 


• There are areas in all major zones with pressures less than 40 psi. These are due to relatively 
high elevation in the zone and not due to lack of pipe capacity.  


• The lowest pressure at a demand node in the system at 22 psi was reported in the high 
elevation area of Zone 3 along Auburn Avenue. 


• In general, pipeline velocities were less than 7 fps. 


1.4 Water System Improvement Program 
An analysis of water distribution system pipelines was performed to assist in prioritization for the City’s 
WSIP. In addition to fire flow and peak hour demand deficiencies as determined by the hydraulic 
analyses, an assessment was conducted on existing pipelines to determine the likelihood of failure (LOF) 
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and consequence of failure (COF) on a per segment basis. The results of these analyses were utilized to 
determine the Prioritized Pipeline Replacement Program (PPRP). The City provided feedback on the 
overall project priority which was incorporated in the final PPRP as summarized in Table ES-1 and shown 
on Figure ES-1.  


Based upon the results of the hydraulic model and the Prioritized Pipeline Replacement Program Matrix 
Analysis, a WSIP for the most critical water distribution pipelines was developed. A Distribution System 
Replacement Program (DSRP) has been developed. The DSRP, as shown on Table A in Appendix C, sets 
forth a Plan for $5,425,500 in improvements to the City’s water system over a six-year planning period 
spanning the years FY 2018/19 through FY 2023/24. Anticipated expenditures by each Fiscal Year are set 
forth as seen in Table ES-2, below. 


Table ES-2 – Summary of Expenditures by Fiscal Year 
Fiscal Year Project Expenditure 


FY2018/2019  Project I $1,047,200 


FY2019/2020 Project II $1,029.700 


FY2020/2021 Project III $   964,700 


FY2021/2022 Project IV $1,014,500 


FY2022/2023 Project V $1,083,900 


FY2023/2024 Project VI $   285,500 


Total Project Cost $5,425,500 
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Project Rank Project Name Project Location
Length of Pipeline to 


be Replaced (ft)*
Project Pipeline 


Score
1 CIP 100 Skyland Dr/Idlehour Ln 1,915 10.0


2 CIP 101 N Michillinda Ave/Gatewood Ln 1,971 12.3


3 CIP 102 Canyon Crest Dr 682 9.9


4 CIP 103 Manzanita Ave 895 7.9


5 CIP 104 Sierra Place/San Gabriel Ct 601 11.0


6 CIP 105 Colony Dr/Santa Anita Ct/Holdman Ave 4,487 10.0


7 CIP 106 Windsor Ln/W Montecito Ave 1,413 9.9


8 CIP 107 W Bonita Ave/S Baldwin Ave 777 11.5


9 CIP 108  W Alegria/N Sunnyside/W Grandview 1,531 12.0


10 CIP 109 N Sunnyside Ave 1,571 12.0


11 CIP 110 Wilson St 798 11.0


12 CIP 111 Santa Anita Ave 102 10.9


13 CIP 112 Fairview Ave 150 10.5


14 CIP 113 Canyon Crest Dr 301 10.3


15 CIP 114 Woodland Dr 1,704 10.5


16 CIP 115 Liliano Dr 2,426 9.6


17 CIP 116 Camillo St 343 9.6


18 CIP 117 Lotus Ln/Camillo St 699 9.6


19 CIP 118 N Michillinda Ave 559 9.4


20 CIP 119 Kaia Ln 262 9.3


21 CIP 120 Liliano Dr 79 9.3


22 CIP 121 E Grandview Ave 75 9.3


23 CIP 122 E Highland Ave 602 9.3


24 CIP 123 W Laurel Ave 213 9.1


25 CIP 124 E Montecito Ave 458 9.0


26 CIP 125 Gatewood Ln 262 8.7


27 CIP 126 Grove St 1,222 8.6


28 CIP 127 W Sierra Madre Blvd 742 8.6


29 CIP 128 Sierra Keys Dr 235 8.4


30 CIP 129 N Hermosa Ave 456 8.2


31 CIP 130 W Highland Ave 667 8.1


32 CIP 131 N Sunnyside Ave 52 8.0
*Pipeline to be replaced with ductile iron pipe.


Prioritized Pipeline Replacement Program


Table ES-1 - Prioritized Pipeline Replacement Program
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Figure ES-1
Prioritized Pipeline Replacement Program
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2 Introduction  
2.1 Purpose of Master Plan 
This Water System Master Plan (WSMP) report commissioned by the City Council, presents the results of 
a hydraulic analysis as well as an assessment of several factors relating to the condition of the City’s 
water distribution system pipelines, specifically: pressure constraints, age, number of leaks, outages, 
and fire flow, focusing upon the development of a Water System Improvement Plan’s (WSIP) 
Distribution Main Replacement Program (DMRP).  


3 Study Area Overview 
3.1 System Description 
The City of Sierra Madre’s water system service area is contingent with the City’s corporate boundaries. 
The System serves a population of 11,133 (2015) through 3,900 metered service connections to 
customers. The City’s “Urban Water Master Plan 2015” projected a City population of 12,233 by the year 
2040, reflecting a low rate of growth in the built-out community. This amounts to a 9.9% increase over 
that 25-year period. Correspondingly, the expected increase in the number of service connections by 
2040 is expected to increase to 4,286. 


4 Existing Water System 
4.1 System Configuration and Pressure Zones  
Figure 1 on the following page presents the pressure zones within the service area with pipes color 
coded by diameter. 


4.2 Wells & Tunnels 
The City receives its water supply from the following primary sources: 


Wells # 3, 4 & 5 located in the City Corporation Yard and Well #6 in the adjacent Sierra Madre Park.  


The City also receives groundwater flows from two (2) horizontal tunnels located at the base of Sierra 
Madre Dam. The tunnel flow goes into a collection chamber then directly by gravity into the City’s water 
system.  


The Santa Anita Creek Diversion Pipeline diverts streamflow in the creek directly into the City’s 
Spreading Grounds complex below Grandview Avenue. 


The location of the wells and tunnel supply can be seen on Figure 1.   
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Figure 1
Water System Service Area


City of Sierra Madre0 900 1,800 2,700450
Feet


1 inch = 900 feet


Legend
#* PRV Station


" Interconnect


KJ Tunnel Supply


UT Storage Tank


[Ú Pump Station


3Q Treatment Plant


KJ Tunnel Supply


Pipeline
2 to 5 inch


6 inch


8 inch


10 to 12 inch


14 to 18 inch


Parcels


Pressure Zones
1


2


3


3A


3B


3C


3D


/


$ WELLS







City of Sierra Madre  
2017 Water System Master Plan  


 
City of Sierra Madre  
February 2018 
Page 3     


4.3 Booster Pump Stations 
There are two (2) major Booster Pump Stations in the Water System:  


The Main Booster Pump Station, located at the City Yard, comprised of four (4) pumps (three (3) of 
which are currently in service) and the Mira Monte Booster Pump Station, located at the Mira Monte 
Reservoir complex, comprised of five (5) pumps. A summary can be seen in Table 1 , below.  


Table 1 – Booster Pump Summary   


Location Pump 
Number 


Power 
(HP) 


Design 
Head (ft) 


Design 
Capacity 


(gpm) 


Main Pumping Station 
621 E. Sierra Madre Blvd.,   


Sierra Madre, CA  


6(1) 200 317 2,030 


7 200 332 1,800 


10(1) 250 321 2,210 


Mire Monte Booster Station 
155 E. Mira Monte,  


Sierra Madre, CA  


1(1) 60 128 1,435 


2(1) 60 125 1,506 


3(1) 150 364 1,201 


4(1) 150 363 1,204 


5(1) 150 364 1,211 


Notes: (1) No data provided for design point.  Design head and capacity are from the SCE 
pump efficiency test data. 


4.4 Reservoirs 
There are 8 reservoirs in the City’s water system for a total capacity of 7.8 MG as summarized in Table 2, 
below. 


Table 2 – Reservoirs 


Reservoir Capacity (MG) Material 


Auburn #1 0.75 Concrete 


Auburn #2 1.4 Steel 


Carter #1 & 2 15,000(1) Steel 


Grove 2.8 Concrete 


Mira Monte #1 (West) 0.75 Steel 


Mira Monte #2 (East) 1.7 Steel 
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Reservoir Capacity (MG) Material 


Main Settling Basin 0.40 Concrete 


Total Capacity 7.8 


Note: (1) Reported in gallons.   
 


4.5 Pipelines 
The City’s water distribution system in comprised of 47.6 miles of pipelines, ranging in size from 2 to 18 
inches in diameter. Pipeline materials include steel, asbestos cement, cast iron, concrete lined and 
coated, and ductile iron. Installation dates range from 1924 to 2017. A large majority of the pipelines are 
over 70 years, beyond their useful life. The City has been experiencing the need to repair water main 
leaks at an increased rate which amounted to ~600 leak repairs in 2016. Table 4 on the following page 
provides a summary of the pipeline in the distribution system.  


4.6 Pressure Regulating Stations 
The water system has a total of nine (9) Pressure Regulating Stations. There are three (3) located 
between Pressure Zones 1 and 2, four (4) located between Pressure Zones 2 and 3, and two (2) located 
between Pressure Zone 3 and smaller subzones. A summary of the pressure regulating stations is shown 
below in Table 3.  


Table 3 – Pressure Regulating Stations 


PRV Location 
Zone Number and 


Size of 
Valves From To 


N. Michillinda & Mariposa 2 1 
1 – 3” 


1 – 4” 


N. Baldwin & E. Laurel 2 1 1 – 3” 


N. Baldwin & E. Highland 2 1 1 – 6” 


Woodland Dr. 3 2 1 – 2” 
1 – 4” 


Santa Anita & Arno 3 2 2 – 6” 


Acacia  3 2 2 – 6” 


Carter & Mira Monte 3 2 1 – 10” 


Brookside 3 3B 1 – 2” 
1 – 6” 


Holly Trail & Alta Vista 3 3C 1 – 2” 
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Diameter 
(inches)


Asbestos 
Cement 
(ACP)


Concrete 
Lined & 
Coated 
(CL&C)


Ductile 
Iron (DIP)


Galvanized 
(GAL)


Reinforced 
Steel (RS)


Steel (STL)
Welded 


Steel (WS)
Unknown Total (ft) % of Total


2 103 460 6,454 689 16 7,738 3%


4 3,106 7,139 389 10,634 4%


4.5 279 279 0%


4.63 259 259 0%


5 17 10,162 260 10,438 4%


6 839 1,608 36,967 905 58,495 979 251 100,043 40%


6.63 115 1,565 17,289 780 39 19,788 8%


8 2,581 1,160 34,259 18,298 1,405 57,703 23%


10 33 1,594 3,581 441 5,649 2%


10.63 12 12 0%


10.75 83 83 0%


12 480 11,185 149 7,724 7,161 634 27,333 11%


14 135 1,046 372 1,947 3,500 1%


16 1,297 399 4,469 1,185 81 7,430 3%


18 339 339 0%


Total (ft) 3,419 4,828 90,336 460 1,054 134,859 14,847 1,411 251,229 100%


% of Total 1% 2% 36% 0% 0% 54% 6% 1% 100%


Table 4 ‐ Pipeline Summary
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4.7 Interconnections    
The City has existing system interconnections with the cities of Arcadia and Pasadena at two (2) 
locations; Sierra Madre Blvd. west of Claridge Street and Sierra Madre Blvd. at Michillinda Avenue. There 
is also an Emergency Interconnection to the Metropolitan Water District of Southern California (MWD) 
on Grandview Avenue West of Oak View Lane. These interconnections are available to supply water to 
the City in the event of an emergency situation, which necessitates the shutdown of its normal water 
supply system. 


4.8 Water Treatment Facility  
The City operates a Granulated Activated Carbon Water Treatment Facility at its City Corporation Yard 
facility.   


5 Water Supply Summary 
5.1 Raymond Basin  
The City of Sierra Madre obtains its water supply from both groundwater and surface sources. The City’s 
primary source of supply is groundwater, which is delivered to the system by four (4) wells. The City’s 
groundwater source is from the East Raymond Basin. The City’s adjudicated rights amount to 1,764 acre-
feet per year (AFY) under the Raymond Basin Judgment. In addition, the City has rights to “Salvage 
Water” which amounts to surface water percolated into the East Raymond Basin (Santa Anita Subarea) 
minus losses from natural percolation into the ground plus subsurface outflow from the basin into the 
Main San Gabriel Basin (Main Basin).  


The City also owns two water supply tunnels in Sierra Madre Wash located on either side of the Sierra 
Madre Dam.  These tunnels act as horizontal wells and produce water by gravity flow. The City has rights 
to divert six (6) cubic feet per second (CFS) of flow from these tunnels. This right was based upon any 
source of water contributing to groundwater in the East Raymond Basin measured by the maximum 
capacity of the City’s diversion works on Sierra Madre Creek that existed at any time within five (5) years 
prior to October 1, 1937. Water from the tunnels and from street runoff can be diverted to the City’s 
Main Spreading Basin for groundwater recharge.  


In addition, the City has rights to the diversion of 4,500 AFY of surface water from the Santa Anita Creek 
from a point of diversion on the west bank of the creek northerly of the City of Arcadia’s Wilderness 
Park. This right is based upon two State Water Resources Control Board Licenses (#8738 and 9810) 
issued in the early 1950’s. These waters can be used for spreading water at the City’s Main Spreading 
Basin Facility.  The amount of water that can then be extracted from the East Raymond Basin by the 
City’s wells is determined by the Raymond Basin Management Board based upon the directions 
contained in a 1959 report, “Determinations of Credit for Water Salvaged by the City of Sierra Madre.” 


In addition, the City has rights to a share with the City of Arcadia in the 1,420 AFY required to be spread 
by the Los Angeles County Flood Control District (LACFCD) at its Santa Anita Creek Spreading Basins 
located near the easterly end of Elkins Avenue in the City of Arcadia. This water is spread for the benefit 
of the entire East Raymond pumpers to compensate for water that used to percolate  


upstream of their spreading grounds. The County has been working with the State Division of Safety of 
Dams (DSOD) and has been coordinating with both cities for the past 5 years on the planning for these 
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projects, both of which would need to be in place in order to increase spreading in the LACFCD 
Spreading Basins.  


5.2 Potential Conjunctive Use Programs 


5.2.1 Main San Gabriel Basin 
The City is also a Member Agency of the San Gabriel Valley Municipal Water District (SGVMWD), a State 
Water Contractor. The SGVMWD was created to provide supplemental imported water from Northern 
California through the State Water Project (SWP) to its member agencies including the City. SGVMWD 
utilizes untreated SWP supplies to provide Replacement Water to the Main San Gabriel Basin in 
exchange for any excess production of water by its member agencies from the Main Basin. They also 
provide what is termed Make-up Water under the Long Beach Judgment to provide their share of 
underflow requirements at Whittier Narrows to supply the Central Groundwater Basin below the 
narrows. The entitlement to SGVMWD is 28,000 AFY of which Sierra Madre is entitled to its prorata 
share. The City however has no physical connections to the Main Basin groundwater supplies from 
which it could extract its entitlement. To build a pipeline from the nearest SGVMWD pipeline in Azusa 
would be cost prohibitive. The potential exists to “Wheel” water through the City of Arcadia’s water 
system as a way to receive SGVMWD through a Conjunctive Use program of “Put and Take,” through the 
Main San Gabriel Basin. The water could be delivered as described below in the System Interconnection 
discussion. 


5.2.2 Exchange Program with Metropolitan Water District  
The City has entered into an agreement with the Metropolitan Water District of Southern California 
(MET) in regard to a collaborative effort with the SGVMWD and the City to provide a water exchange 
through MET’s Upper Feeder which passes through the City in an east to west direction along Grandview 
Avenue just north of the City’s Main Spreading Basin facilities. The City in collaboration with the 
SGVMWD currently has the ability to utilize this emergency water supply. 


5.2.3 System Interconnects  
As noted in Section 4.7 above, the City has three (3) interconnections with the cities of Arcadia and 
Pasadena as well as MWD which provide additional water supply in the event of an emergency. 


6 Water Demands 
Two demand scenarios existing and buildout were established for the evaluation of the water system. 
For each scenario, the average day demand (ADD), maximum day demand (MDD), and peak hour 
demand (PHD) was determined. MDD and PHD were calculated by scaling ADD according to peaking 
factors. The City is primarily residential with an existing average daily demand of just below 2 mgd. The 
anticipated buildout average daily demand is 2.4 mgd. This section discusses the demands for each 
planning horizon and calculation of the peaking factors.  


6.1 Existing Demands 
The City provided water consumption data for a period from May 2015 to May 2016. The City’s GIS and 
customer billing database were used to establish the locations of the existing water demand. Existing 
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system demands were allocated as component of the Hydraulic Model Development, and more detail on 
the calculation and allocation process is provided in Appendix A.  


6.2 Demand Projections  
The City’s 2015 Urban Water Management Plan (UWMP) projects an increase in overall annual water 
use in the City from 2,125 AFY in 2015 to 2,542 AFY in 2020, 2,590 AFY in 2025, 2,639 AFY in 2030, 2,689 
AFY in 2035 and 2,740 AFY at the Planning Horizon in 2040 as shown on Figure 2, below. This represents 
an overall increase by 2040 of 28.9% since 2015. Since the City is a built-out community consisting of 
primarily residential users with relatively small amounts of commercial, industrial and governmental 
users, this moderate level of growth is to be expected. The UWMP water demand projections for 2040 
were used for the buildout planning horizon. 


 


Figure 2 – Demand Projections 


6.3 Peaking Factors  
For water system analysis purposes, it is typical to evaluate distribution system performance under MDD 
conditions for the ability to meet fire flows and PHD conditions for the ability to meet minimum system 
pressure. Demand data provided by the City was used to determine the peaking factors. These 
multipliers were applied globally to the ADD. A summary of peaking factors can be seen in Table 5, 
below. 
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7 System Performance Criteria 
The water distribution system should be capable of operating within certain performance limits under 
varying customer demand and operational conditions. The performance limits include operating criteria 
such as maximum and minimum system pressures, maximum pipeline headloss and velocity, and 
required fire flow.  


Based on input from City staff, the criteria in Table 6 below were used for sizing new improvements: 


Table 6 – System Performance Criteria  


Analysis Criteria Value 


Minimum pressure during peak hour demand conditions 40 psi 


Minimum pressure during MDD plus fire flow 20 psi 


Maximum allowable pressure at service nodes 120 psi 


Maximum pipeline velocity during MDD conditions 7 fps 


Maximum pipeline velocity during MDD plus fire flow conditions 10 fps 


Maximum headloss under peak hour demand conditions 10 ft. /1000 ft. 


Fire flow Fire flow(1) (gpm) 


Single Family Residential 1,250 


Multi-Family Residential, Commercial, Schools 3,000 


Industrial 4,000 


Note: (1) Fire flow requirements were provided by the City Fire Department. 


8 Water System Analysis 
This section describes the development of the hydraulic model of the City of Sierra Madre water 
distribution system and the evaluation of distribution system performance. The analyses were 
performed using steady-state modeling for existing and buildout periods. Modeled scenarios included 
peak hour and maximum day plus fire flow conditions. Fire flow modeling was performed using the 
automated fire flow function to determine the available fire flow at hydrant locations while maintaining 
20 psi at demand nodes across the system.  


8.1 Hydraulic Model Development   
The hydraulic model of the City’s water distribution system was developed from the City’s GIS 
geodatabase, available facility schematics, and demand information from the City’s water customer 
billing database. Appendix A contains a detailed description of the procedures used to develop and 
calibrate the hydraulic model.  
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8.2 Hydraulic Deficiency Analysis 
Results from the system analysis for each scenario are presented below. 


8.2.1 Existing System Results – Peak Hour Demands 
Figure 3 below presents the results for the existing system PHD conditions. Observations are listed 
below: 


• Distribution system pressures ranged from 22 to 203 psi.  


• Pressures less than 20 psi were reported at nodes near tanks and along well transmission lines 
that feed the tanks. These locations are not demand nodes, and therefore pressures do not 
violate minimum pressure performance criteria. 


• Pressures greater than 120 psi were reported at the discharge side of pump stations. High 
pressures are expected at these locations and are not a concern. These locations are not 
demand nodes, and therefore pressures do not violate maximum pressure performance criteria. 
However, there are several areas in the system that do exceed the maximum pressure criteria. It 
is recommended the customers in these locations have individual pressure regulators. 


• Pressures ranging from 23 psi to 38 psi were reported at demand nodes along N. Mountain Trail 
in Zone 1 due to relatively high elevation in the zone and not due to lack of pipe capacity.  


• Pressures ranging from 34 psi to 36 psi were reported along E. Mira Monte Ave. (non-demand 
nodes) and from 28 psi to just under 40 psi along W. Grandview Ave. in Zone 2 due to high 
elevation in the zone. 


• Pressures around 32 psi were reported at the end of Oak Crest Drive in Zone 3. The lowest 
pressure at a demand node in the system at 22 psi was reported in the high elevation area of 
Zone 3 along Auburn Ave.   


• In general, pipeline velocities were less than 7 fps. 


8.2.2 Existing System Results – Maximum Day Demand Plus Fire Flow  
Figure 4 below presents the results for MDD plus FF conditions. Observations are listed below: 


• Available fire flows ranged from a low of 440 gpm to greater than 5,000 gpm, and 65 percent of 
the hydrants had an available fire flow of 2,000 gpm or greater. It is assumed that multiple 
hydrants will be used to meet large fire flow demand. 


• The lowest available fire flows were located on single-feed pipelines, 4-inch diameter loops, or 
in the higher elevation areas. Additionally, the single-feed pipelines with low fire flows were 6-
inch diameter or smaller. 
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Figure 3
Existing System Peak Hour Demand
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Figure 4
Existing System Maximum Day Demand + Fire Flow
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8.2.3 Buildout System Results – Peak Hour Demands 
Figure 5 below presents the results for the buildout system PHD conditions. Observations are listed 
below: 


• Distribution system pressures ranged from 22 to 202 psi.  


• Pressure less than 20 psi were reported at nodes near tanks and along well transmission lines 
that feed the tanks. These locations are not demand nodes, and therefore pressure do not 
violate minimum pressure performance criteria. 


• Pressures greater than 120 psi were reported at the discharge side of pump stations. High 
pressures are expected at these locations and are not a concern. These locations are not 
demand nodes, and therefore pressures do not violate maximum pressure performance criteria. 
However, there are several areas in the system that do exceed the maximum pressure criteria. It 
is recommended the customers in these locations have individual pressure regulators.  


• Pressures ranging from 22 psi to 38 psi were reported at demand nodes along N. Mountain Trail 
in Zone 1 due to relatively high elevation in the zone and not due to lack of pipe capacity.  


• Pressures ranging from 34 psi to 35 psi were reported along E. Mira Monte Ave (non-demand 
nodes) and from 28 psi to just under 38 psi along W. Grandview Ave. in Zone 2 due to high 
elevation in the zone.  


• Pressures around 30 psi were reported at the end of Oak Crest Dr. in Zone 3. The lowest 
pressure at a demand node in the system at 22 psi was reported in the high elevation area of 
Zone 3 along Auburn Ave.   


• In general, pipeline velocities were less than 7 fps. 


8.2.4 Buildout System Results – Maximum Day plus Fire Flow Demands  
Figure 6 below presents the results for MDD plus FF conditions. Observations are listed below: 


• Available fire flows ranged from a low of 440 gpm to greater than 5,000 gpm, and 69 percent of 
the hydrants had an available fire flow of 2,000 gpm or greater. It is assumed that multiple 
hydrants will be used to meet large fire flow demand. 


• The lowest available fire flows were located on single-feed pipelines, 4-inch diameter loops, or 
in the higher elevation areas. Additionally, the single-feed pipelines with low fire flows were 6-
inch diameter or smaller.  
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Figure 5
Buildout System Peak Hour Demand
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Figure 6
Buildout System Maximum Day Demand + Fire Flow
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9 Water System Improvement Program 
As a component of the WSMP, an analysis of water distribution system pipelines was performed to 
assist in prioritization for the City’s Water System Improvement Program (WSIP). In addition to fire flow 
and peak hour demand deficiencies as determined by the existing and buildout timeframe hydraulic 
analyses, an assessment was conducted on existing pipelines to determine the likelihood of failure (LOF) 
and consequence of failure (COF) on a per segment basis. The LOF rating has been related to pipe 
integrity while the COF rating was related to the environmental, economic, and social consequences to 
pipe failure. 


9.1 Likelihood of Failure Criteria  
Individual scoring criteria and weights for a likelihood of failure analysis were determined through a 
review of the City’s data including: historical leak repair records, pipeline age, and average pipeline 
pressure as determined during PHD conditions. Based on the data review and feedback from the City, a 
breakdown of LOF scoring criteria is shown in Table 7, below. 


Table 7 – Likelihood of Failure Scoring Criteria 
Likelihood of Failure Scoring Criteria 


Age 


Modifier Value Individual Score Group Weight 


Greater than or 
Equal to 50 5 30% 


Pressure 


Modifier Value Individual Score Group Weight 


Greater than or 
Equal to 120 5 10% 


# of Existing Leaks/Mi 


Modifier Value Individual Score Group Weight 


Range 


0 0 


20% 


1 1 


6 2 


12 3 


18 4 


Greater than or 
Equal to 24 5 


# of Existing Leaks 


Modifier Value Individual Score Group Weight 


Equal to 


0 0 


40% 1 1 


2 2 
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Likelihood of Failure Scoring Criteria 


3 3 


4 4 


Greater than or 
Equal to 5 5 


 


9.2 Consequence of Failure Criteria  
Individual scoring criteria and weights for a consequence of failure analysis was determined by two 
factors: fire flow deficiency as determined through MDD+FF (Section 8.2.4) and the number of 
customers out of service during an outage event. Based on a review of the data and feedback from the 
City, a breakdown of COF scoring criteria is shown in Table 8, below. 


Table 8 – Consequence of Failure Scoring Criteria  
Consequence of Failure Scoring Criteria 


Fire Flow Deficiency 


Value Individual Score Group Weight 


No 0 
80% 


Yes 5 


# Customers from 
Outage Analysis 


Greater than Individual Score Group Weight 


20 5 20% 


 


9.3 Prioritized Pipeline Replacement Program 
Utilizing the above criteria, likelihood of failure and consequence of failure scores were determined for 
each pipeline on a segment-by-segment basis for the entire system. After determining likelihood of 
failure scores and consequence of failure scores for the system, the final per segment score was 
determined by weighting and summing the LOF and COF scores.  


Projects were then created by determining natural breaks in each dataset, selecting segments in the top 
cluster, and combining them into groups geographically. Projects could also be combined or broken up 
into larger or smaller projects depending on feasibility of construction. The City also provided feedback 
on the project priority which was incorporated in the final Prioritized Pipeline Replacement Program 
(PPRP) as summarized in Table 9 and shown on Figure 7, below.  
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Project Rank Project Name Project Location
Length of Pipeline to 


be Replaced (ft)*
Project Pipeline 


Score
1 CIP 100 Skyland Dr/Idlehour Ln 1,915 10.0


2 CIP 101 N Michillinda Ave/Gatewood Ln 1,971 12.3


3 CIP 102 Canyon Crest Dr 682 9.9


4 CIP 103 Manzanita Ave 895 7.9


5 CIP 104 Sierra Place/San Gabriel Ct 601 11.0


6 CIP 105 Colony Dr/Santa Anita Ct/Holdman Ave 4,487 10.0


7 CIP 106 Windsor Ln/W Montecito Ave 1,413 9.9


8 CIP 107 W Bonita Ave/S Baldwin Ave 777 11.5


9 CIP 108  W Alegria/N Sunnyside/W Grandview 1,531 12.0


10 CIP 109 N Sunnyside Ave 1,571 12.0


11 CIP 110 Wilson St 798 11.0


12 CIP 111 Santa Anita Ave 102 10.9


13 CIP 112 Fairview Ave 150 10.5


14 CIP 113 Canyon Crest Dr 301 10.3


15 CIP 114 Woodland Dr 1,704 10.5


16 CIP 115 Liliano Dr 2,426 9.6


17 CIP 116 Camillo St 343 9.6


18 CIP 117 Lotus Ln/Camillo St 699 9.6


19 CIP 118 N Michillinda Ave 559 9.4


20 CIP 119 Kaia Ln 262 9.3


21 CIP 120 Liliano Dr 79 9.3


22 CIP 121 E Grandview Ave 75 9.3


23 CIP 122 E Highland Ave 602 9.3


24 CIP 123 W Laurel Ave 213 9.1


25 CIP 124 E Montecito Ave 458 9.0


26 CIP 125 Gatewood Ln 262 8.7


27 CIP 126 Grove St 1,222 8.6


28 CIP 127 W Sierra Madre Blvd 742 8.6


29 CIP 128 Sierra Keys Dr 235 8.4


30 CIP 129 N Hermosa Ave 456 8.2


31 CIP 130 W Highland Ave 667 8.1


32 CIP 131 N Sunnyside Ave 52 8.0
*Pipeline to be replaced with ductile iron pipe.


Prioritized Pipeline Replacement Program


Table 9 - Prioritized Pipeline Replacement Program
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Figure 7
Prioritized Pipeline Replacement Program


City of Sierra Madre0 900 1,800 2,700450
Feet


1 inch = 900 feet


Legend
Prioritized Pipeline Projects


Prioritized Pipeline Projects


Existing System Pipeline Score
0.0 - 5.5 (72% of system pipe length)


5.6 - 8.0 (19% of system pipe length)


8.1 - 12.3 (9% of system pipe length)


/







City of Sierra Madre  
2017 Water System Master Plan  


 
City of Sierra Madre  
February 2018 
Page 20     


10 Water System Improvement Program Cost Assessment 
10.1 Phase 1: FY 2018/19 to FY 2023/24 
Based upon the results of the hydraulic model and the Prioritized Pipeline Replacement Program Matrix 
Analysis described in Section 9.3 above, a Water System Improvement Program for the most critical 
water distribution pipelines was developed. A Distribution System Replacement Program (DSRP) has 
been developed. The DSRP, as shown on Table A in Appendix C, sets forth a Plan for $5,425,500 in 
improvements to the City’s water system over a six-year planning period spanning the years FY 2018/19 
through FY 2023/24. Anticipated expenditures by each Fiscal Year are set forth as seen in Table 10, 
below. 


Table 10 – Summary of Expenditures by Fiscal Year 


Fiscal Year Project Expenditure 


FY2018/2019  Project I $1,047,200 


FY2019/2020 Project II $1,029.700 


FY2020/2021 Project III $   964,700 


FY2021/2022 Project IV $1,014,500 


FY2022/2023 Project V $1,083,900 


FY2023/2024 Project VI $   285,500 


Total Project Cost $5,425,500 
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1.0 Introduction 
IDModeling (IDM) has developed this technical memorandum to describe the development of the City of 
Sierra Madre (City) potable water model (Project). The goal of this Project was to develop and calibrate a 
hydraulic model of the City’s potable water system and deliver within the Sedaru Smart Modeling platform 
for the District’s use for performing fire flow analyses, development planning, operational “what-if” 
scenarios, and numerous other applications. This document describes the model development process, 
summarizes the results of the steady-state model calibration, and includes recommendations for future 
updates and calibration efforts. 


2.0 Model Development from GIS 
The City potable water model was developed using their current ArcGIS geodatabase. This section 
discusses the process of building a hydraulic model utilizing the ArcGIS database provided by the City. 
Creating a model from GIS involves several steps including developing model pump stations and storage 
facilities, creating distribution system piping and point elements from the GIS database, and checking the 
connectivity of the model elements once the elements are imported.   


2.1 Identifying Model Elements 
The first step to creating a model from GIS is to identify and review the various types of GIS data available 
for each model element. Table 1 provides a list of the model element types and feature classes used to 
create elements within the model. The naming conventions shown in Table 1 were used to create IDs for 
each element type by adding a prefix to the feature ID of each element class imported. This created a 
unique ID system needed by the model and a unique identifier for each model element. The City’s GIS ID 
was stored as an information field associated with each applicable model element.  


Table 1 – GIS to Model Element Naming Conventions 
Model 
Type GIS Layer Name Model Symbol Identification 


Format 
Identification 


Example 


Junction 


[None] J-[#] J-1


SystemValves J-[LAYER]-[#] J-VLV-1


All_wother J-[LAYER]-[#] J-OTH-1


FireHydrant J-[LAYER]-[#] J-HYD-1


Pipeline 


WaterMain 
(Distribution/Transmission 


Line) 
P-[#] P-1


WaterMain        
(Hydrant Lateral Line) LAT-[#] LAT-1 


Reservoir Reservoir W-[Name] W-CITYYARD
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Model 
Type GIS Layer Name Model Symbol Identification 


Format 
Identification 


Example 


Tank Reservoir T-[NAME]-[#] T-AUBURN-1


Pump PumpStations BP-[NAME]-[Pump #] BP-MM-1 


Valve 


PRStation PRV-[ToZone]-[#] PRV-2-14 


System Valves  


(Closed Valves) 
GPV-[ToZone]-[#] GPV-2-1 


2.2 Importing Model Elements from GIS 
The key elements in the GIS that are usually modeled are associated with mainline pipes and the point 
elements at mainline pipe endpoints. For connectivity purposes, all pipes must have a node at either end 
in a hydraulic model. Model node type elements are point features that include junctions, hydrants, 
valves, pumps, or tanks which are connected to pipe endpoints. Due to limitations and discontinuities in 
the GIS line work near pump station and storage facilities, all facility pipe elements were added manually 
to connect the facilities to the distribution system. This section describes the individual model element 
types. Figure 1 provides an overview of the modeled pressure zones, elements, and facilities.    


2.2.1 Pipe Elements 
For the creation of the distribution system pipelines, the WaterMain feature class was utilized. In addition, 
hydrant laterals were imported from the WaterService feature class to connect the hydrants to the mains. 


In some instances, the required pipeline hydraulic parameters are not known. For hydrant laterals missing 
diameter information, it was assumed that the lateral is 6 inches in diameter and consists of ductile iron 
pipe material.   


All model pipes require the assignment of a roughness factor. The most common type of roughness factor 
is the Hazen Williams C-factor which was selected for use in this model. C-factors are most commonly 
assigned to model pipes based upon pipe material and pipe age, if known. Table 2 presents the pipeline 
summary and the initial pipeline C-factors that were assigned to each model pipe using IDM’s experience 
and standard industry values based upon age and material. Pipeline C-factors were verified and adjusted 
during the calibration process based on the outcome of the hydrant testing performed. 
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Diameter 
(inches)


Asbestos 
Cement 
(ACP)


Concrete 
Lined & 
Coated 
(CL&C)


Ductile 
Iron (DIP)


Galvanized 
(GAL)


Reinforced 
Steel (RS)


Steel (STL)
Welded 


Steel (WS)
Unknown Total (ft) % of Total


2 103 460 6,454 689 16 7,738 3%


4 3,106 7,139 389 10,634 4%


4.5 279 279 0%


4.63 259 259 0%


5 17 10,162 260 10,438 4%


6 839 1,608 36,967 905 58,495 979 251 100,043 40%


6.63 115 1,565 17,289 780 39 19,788 8%


8 2,581 1,160 34,259 18,298 1,405 57,703 23%


10 33 1,594 3,581 441 5,649 2%


10.63 12 12 0%


10.75 83 83 0%


12 480 11,185 149 7,724 7,161 634 27,333 11%


14 135 1,046 372 1,947 3,500 1%


16 1,297 399 4,469 1,185 81 7,430 3%


18 339 339 0%


Total (ft) 3,419 4,828 90,336 460 1,054 134,859 14,847 1,411 251,229 100%


% of Total 1% 2% 36% 0% 0% 54% 6% 1% 100%


Initial C‐factor 120 120 120 120 120 90‐110 (1) 100 120


Notes: (1) C‐factors for steel pipe were assigned based on installation date and size.  


Table 2 ‐ Pipeline Summary and Initial C‐factors
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2.2.2 Junction Elements 
The following feature classes provided by the City were used to create the model junctions: Control Valve, 
System Valve, and WaterDistributionSystem_Net_Junctions.   


As discussed previously, the proposed naming convention is used to create unique IDs for all model 
elements. Individual IDs were created as none of the GIS ID fields had completely unique IDs with the 
exception of the FID field. However, the FID field is not unique across all feature classes as the GIS FID 
numbering is typically reused in each individual feature class.   


Hydrants 
The hydrant feature class was used to create hydrants within the model.  Within InfoWater, hydrants are 
considered junction type elements.  


Valves 
Elements modeled as valves include flow control valves (FCVs), pressure reducing valves (PRVs), and 
normally closed valves. Valves at zone boundaries were inserted based on the information provided by 
the City. The model contains 25 zone boundary valves modeled as FCVs and set to a status of closed. The 
City of Pasadena interconnection was modeled as a FCVs and is discussed in Section 3.5 below. PRVs were 
represented at nine locations between high and low zones. The setup of the PRV stations within the model 
is discussed further in Section 3.4 below.     
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2.3 Connectivity Checks 
Upon completion of importing elements from GIS, connectivity between the elements was established in 
the model by conducting quality assurance/control checks to ensure correct model connectivity and to 
verify that the model ran properly. The checks included: disconnected pipes, orphan nodes, pipe split 
candidates, and network connectivity trace. These tests represent the most critical connectivity tests that 
are used in modeling best practices. 


2.3.1 Disconnected Pipes 
The first connectivity check was to determine if there were any pipes imported that were missing a node 
element at one or both ends of the pipe. These are most often caused by either the endpoint not being 
snapped to the pipeline in GIS or due to overlooking an element to be imported from the GIS. When the 
model tool finds an orphan pipe it creates a new node for that pipe or attaches the pipe to a node found 
within a specified search radius.   


2.3.2 Orphan Nodes 
The second connectivity check determines if any nodes exist within the model that were not attached to 
the endpoints of a pipe. These nodes will not allow the model to successfully run (converge) and must be 
resolved. In some cases, orphan nodes were deleted if they were not associated with mainline pipes, 
however, other orphan nodes were used to split existing pipes. Each case was reviewed manually to 
determine the specific issue and the best resolution.   


2.3.3 Pipe Split Candidates 
The third connectivity tool was used to check for possible pipe split candidates. Pipe split candidates can 
occur when there are nodes that fall on top of a pipeline but that do not split the pipeline. In many cases 
pipe split candidates should split the pipeline, but each case was reviewed individually to verify.    


2.3.4 Network Connectivity Trace 
As a last connectivity check, a network connectivity trace was performed. This identifies any elements 
that are disconnected from the network. Disconnected elements were investigated to determine if 
elements were missing from the model or if the regions were simply hydraulically disconnected.   


2.3.5 Nodes in Close Proximity 
Point elements within the GIS can occasionally be duplicated within the database. Point elements on top 
of one another are difficult to see but can cause model connectivity issues. This tool was used to identify 
nodes that were within a specified distance of another node as these are often associated with some type 
of duplicate element issue in the GIS. Best practice usually uses one half of the shortest model pipe 
distance as the search radius with a minimum search distance no smaller than 0.5 feet. Any issues 
identified were reviewed and resolved. 


3.0 Facility Creation 
Facilities such as pump stations, tanks, wells, PRVs and interconnections with other agencies are often not 
well-defined in the GIS database and were developed manually within the model. All facilities were 
modeled based on available as-built drawings and schematics provided by the City to create a schematic-
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type representation of the facility. The following sections review the methodology of inputting system 
facilities.   


3.1 Tanks 
The City has seven ground level storage tanks. The following hydraulic information is required to be input 
into the model for each storage facility: Bottom Elevation, Maximum Level, Initial Level, and Diameter (or 
Volume Curve). Table 3 presents the storage tanks and hydraulic data added to the model using data 
gathered from as-built drawings, schematics, and/or discussions with City staff.   


Table 3 – Storage Tank Facilities 


Storage Tank Volume 
(MG) Zone 


Bottom 
Elevation 


(ft) 


Diameter 
(ft) Height (ft) 


Auburn #1 0.75 3 1343 65 32 


Auburn #2 1.4 3 1343 88 32 


Carter #1(1) 7,500(2) 3 1440 9.2 15 


Carter #2(1) 7,500(2) 3 1440 9.2 15 


Grove 2.8 2 1061 144 23 


Mira Monte #1 
(West) 0.75 1 979 80 20 


Mira Monte #2 
(East) 1.7 1 975 110 24 


Note: (1) Carter tanks were not included in the model. 


(2) Reported in gallons.


3.2 Wells 
The City operates four groundwater wells. These were not added to the model since they do not pump 
directly into the system. The wells feed into the City’s water treatment facility where the water is treated 
and then stored in the clearwell tank prior to pumping through the Main booster station into Zone 1.   


3.3 Pump Stations 
There are two main booster pump stations in the system with a total of 8 pumps. Table 4 provides a 
summary of the key model information for the pumps. The pumps were modeled as multiple point curves 
and assigned with available pump curves. Pump curves were developed for each pump from 
manufacturer’s performance curves provided by the City. In addition, many of the pumps had SCE pump 
efficiency test data available that were used to verify the pump curves. This information provided the 
basis for adjusting the pump curves, as necessary, to correlate to field conditions. Adjustments to the 
pump curves were made assuming that the curve follows the pump affinity laws for changes based on 
pump speed or reduction in the impeller diameter. It is assumed that if the pump is found to be performing 
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below the original pump curve that the loss in performance is essentially related to impeller wear. This 
allows for the curve to maintain a resemblance to its original shape for adjustment.  


Pump controls were added for future use in an extended period simulation (EPS) model. 


Table 4 – Booster Pump Summary 


Location Pump 
Model ID 


Pump 
Number 


Power 
(HP) 


Design 
Head (ft) 


Design 
Capacity 


(gpm) 


SCE Test 
Pump Curve 
Adjustment 


Main Pumping Station 
621 E. Sierra Madre Blvd., 


Sierra Madre, CA 


BP-MAIN-6 6(1) 200 317.4 2,030 Yes 


BP-MAIN-7 7 200 332 1,800 Yes 


BP-MAIN-10 10(1) 250 321.1 2,210 Yes 


Mire Monte Booster Station 
155 E. Mira Monte,  


Sierra Madre, CA  


BP-MM-1 1(1) 60 127.5 1,435 Yes 


BP-MM-2 2(1) 60 125 1,506 Yes 


BP-MM-3 3(1) 150 364.1 1,201 Yes 


BP-MM-4 4(1) 150 363.3 1,204 Yes 


BP-MM-5 5(1) 150 363.6 1,211 Yes 


Notes: (1) No data provided for design point.  Design head and capacity are from the SCE pump efficiency test data. 


3.4 Pressure Reducing Valves 
PRVs are included in the model with a setting to control the downstream pressure. The City has nine PRV 
stations between the high and low pressure zones. Table 5 summarizes the PRVs included in the model. 


Table 5 – System Pressure Reducing Valve Stations 


PRV 
Model ID Location Zone 


Number and 
Size of 
Valves 


Setpoints(1) 
(psi) 


PRV-1-29 
PRV-1-30 


N. Michillinda
& Mariposa


From Zone 2 
to Zone 1 


1 – 3” 


1 – 4” 
50 
45 


PRV-1-5 N. Baldwin & E.
Laurel


From Zone 2 
to Zone 1 1 – 3” 40 


PRV-1-6 N. Baldwin & E.
Highland


From Zone 2 
to Zone 1 1 – 6” 50 


PRV-2-12 
PRV-2-13 Woodland Dr. From Zone 3 


to Zone 2 
1 – 2” 
1 – 4” 


50 
45 
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PRV 
Model ID Location Zone 


Number and 
Size of 
Valves 


Setpoints(1) 
(psi) 


PRV-2-15 


PRV-2-16 
Santa Anita & 


Arno 
From Zone 3 


to Zone 2 2 – 6” 50/55 


PRV-2-17 


PRV-2-18 
Acacia From Zone 3 


to Zone 2 2 – 6” 43/48 


PRV-2-9 Carter & Mira 
Monte 


From Zone 3 
to Zone 2 1 – 10” 45 


PRV-3B-10 
PRV-3B-11 Brookside From Zone 3 


to Zone 3B 
1 – 2” 
1 – 6” 


45 
40 


PRV-3C-14 Holly Trail & 
Alta Vista 


From Zone 3 
to Zone 3C 1 – 2” 60 


Note: (1) Setpoints provided by City. 


3.5 Interconnects 
The City has one Metropolitan Water District (MWD) connection and two emergency connections with 
neighboring cities Pasadena and Arcadia. The connections are typically controlled based on a specified 
rate of flow. The MWD and Arcadia connections were not added to the model since they do not pump 
directly into the system. The connections feed into the City’s water treatment facility where the water is 
treated and then stored in the clearwell tank prior to pumping through the Main booster station into Zone 
1. The Pasadena emergency connection was modeled as a reservoir (fixed hydraulic grade line) connected
to the system with a flow control valve (FCV). Data was not available for this interconnect and should be
verified by the City.


4.0 Elevation Assignment 
The model has two sources of elevation data, elevations assigned using United State Geological Survey 
(USGS) Digital Elevation Module (DEM) and elevations assigned to network facilities from available City 
records. The DEM is brought into GIS and intersected with the model nodes to assign elevations that are 
in meters and then converted to feet. The DEM used to assign elevations is based on the 1/3 arc second 
resolution of 10 meters (~30 feet) which is a good start to simulating system pressures. When available, 
City data such as as-built drawings were used to update critical facilities such as tank base elevations, 
control valve elevations, and pump centerlines. In most cases the default is DEM unless otherwise 
changed based on more accurate information. 


5.0 Demand Development 
Accurate demand allocation is one of the most important factors impacting model calibration. Model 
demands were developed and allocated based upon historical billing data and geocoded customer meter 
points provided by the City. Each customer point in GIS was given an “average” consumption in gallons 







City of Sierra Madre  Draft Technical Memorandum 
2017 Water System Master Plan Hydraulic Model Development 


City of Sierra Madre 
February 2018 
Page 12 of 21 


per minute (gpm) based on historical billing data from 2015 to 2016. This consumption data was spatially 
allocated to the hydraulic model junctions using GIS meter point data and the hydraulic model software 
functionality. This process provides high demand allocation accuracy which generally translates to better 
model calibration. 


5.1 Existing Demands 
Demand data was processed for each customer account to determine the individual and system-wide 
average day demand (ADD) using the 12 consecutive months of usage data provided by the City. The usage 
data contained the customer account and monthly meter readings. The monthly meter readings were 
averaged for the May 2015 to May 2016 time period to create an ADD for each metered account. The 
individual demands were allocated to model junctions by first matching the individual customer ADD to 
the service meter feature class points in GIS. A total of approximately 90 percent of the billing accounts 
was used in the demand allocation. To account for the missing demand, the allocated demand in the 
model was scaled to match the 2015 ADD from the monthly production data which also includes system 
water loss.  


5.1.1 Existing Demand Allocation 
The customer meter consumption shapefile was spatially allocated to model “demand” junctions by 
pressure zone using the closest pipe methodology in InfoWater™’s demand allocator add-on tool. This 
tool calculates the pipe lengths on either side of where the meter would perpendicularly intersect the 
nearest pipe. These two lengths are used to proportionally split the demand between the pipes nodes. 
The closest pipe method lessens demand allocation errors specifically in parts of a model without many 
junctions splitting pipes. In addition, allocating demand by pressure zone reduces mistakes in areas with 
multiple pipes belonging to more than one zone. This process provides high demand allocation accuracy 
by assigning which generally translates to better model calibration. 


5.2 Buildout Demands 
The City’s 2015 Urban Water Management Plan (UWMP) projects an increase in overall annual water use 
in the City from 2,125 acre-feet per year in 2015 to 2,740 acre-feet per year at the Planning Horizon in 
2040. This represents an overall increase by 2040 of 28.9 % since 2015. Since the City is a built-out 
community consisting of primarily residential users with relatively small amounts of commercial, industrial 
and governmental users, this moderate level of growth is to be expected. Existing demands were scaled 
to match the projected 2040 demands for the buildout scenario.  


5.2.1 Buildout Demand Allocation 
The City provided one known future development location which was included in the buildout demands. 
The remaining future demands were allocated 50% to the city corridor area as redevelopments and 50% 
to the remainder of the City’s service area as infill. This accounts for a larger percentage growth in the 
commercial, industrial, and governmental user area and infill in the more residential areas. Figure 2 shows 
the city corridor area and the one development location.  
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5.3 Demand Patterns 
A diurnal pattern represents the anticipated daily fluctuation in system demand over a 24-hour period. 
Patterns are necessary to accurately perform Extended Period Simulation (EPS) analyses that simulate 
system performance over a 24-hour period. EPS analyses were not performed as part of this Project, and 
no new diurnal curves were developed or applied to the demand nodes. However, a typical diurnal pattern 
was loaded into the model as a placeholder for future use. 


5.4 Peaking Factors 
To create the maximum day demand (MDD) and peak hour demand (PHD) scenarios, a multiplier was 
applied to the average day demands (ADD) for both the existing and buildout systems. The MDD/ADD and 
PHD/ADD multipliers were determined by reviewing monthly and hourly production data provided by the 
City for 2015 and globally applied to the average day demands. The demands allocated to the model 
junctions and the peaking factors used can be seen below in Table 6. 


Table 6 – Model Demands and Peaking Factors 


Scenario 
Demand (mgd) 


Peaking 
Factor Existing 


System 
Buildout 
System 


Average Day Demand 1.86 2.40 1.0 


Maximum Day Demand 3.54 4.56 1.9 


Peak Hour Demand 5.58 7.26 3.0 


6.0 Calibration Criteria and Procedure 
Water distribution models can be a useful support tool for system planning, operations, and design 
efforts. Since the decisions that come from a modeling effort often result in infrastructure projects with 
significant expenditures, it is important that the model accurately represent the real system. The purpose 
of the calibration effort is to produce a model that can be used with confidence. This section describes 
the criteria and general procedures used to calibrate the City’s water model.  


6.1 Calibration Criteria 
The calibration effort included only steady-state model scenarios. The goal of the steady-state calibration 
was for modeled pressures to match field pressures within 5 psi at 90 percent of the test locations. The 
primary calibration targets were pressure values (static pressures and residual pressures) and the 
pressure drop between static and residual at the observation hydrants.   


Model calibration was considered achieved when the difference between model output and field data 
were within the tolerances listed above. In the event that these tolerances could not be met, an 
explanation was provided justifying why calibration could not be achieved. 
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6.2 Calibration Procedure 
Model calibration includes numerous steps throughout the entire process from model construction to 
making minor tweaks to parameters at facilities. Model construction involved big-picture elements such 
as network connectivity, distribution of demands, and assigning elevations—all of which are critical to 
producing good results. After model construction, system controls were added to accurately represent 
actual system operations based on SCADA data or input from the City. This step was then followed by a 
trial-and-error approach to resolve differences between SCADA information and the model. Elements that 
were adjusted during this step include pipe C-factors and distribution facility setpoints such as storage 
tank levels, PRVs, and pump stations. Model controls and setpoints and the general procedures used for 
the calibration process are discussed in the following sections. 


6.3 Hydrant Flow Tests 
Steady-state model calibration was performed using hydrant flow test data collected on January 31, 2017. 
Each of the ten hydrant flow tests and data collection was conducted by City staff with assistance from 
IDM staff. Figure 3 shows the locations of the hydrant tests used for calibration. Detailed hydrant testing 
figures site can be found in Appendix B.   


At each of the test locations, one hydrant was selected as the flow hydrant and at least one adjacent 
hydrant was selected to measure the residual pressure. A static pressure reading was first taken at the 
residual hydrants. Then, the flow hydrant was opened. While the flow hydrant was opened and flowing, 
the pressure at the residual hydrants and the pitot pressure at the flow hydrant were recorded. The 
flowrate was determined based on the observed pitot pressure. Pitot pressures can fluctuate during 
testing and an “average” was used to determine the flowrate. Because of this fluctuation, the reported 
flow rate is likely a rough estimate of the actual flow.  


6.4 Model Input for Calibration 
The City provided the hydrant test data and distribution system SCADA data for the hydrant testing period. 
This data included storage tank levels, pump on/off status, and tunnel production rates. This data was 
used in the model to set the boundary conditions to simulate actual system conditions during each 
hydrant test.  


A calibration scenario was set up in the model with timesteps corresponding to each hydrant test during 
the static and residual condition. No pumps were on during the hydrant tests and because there was very 
little difference in storage tank levels, the average level over the hydrant test time period was used. 
System demands were adjusted using a multiplier based on a general system diurnal curve to simulate 
the demands at the time of the hydrant test. These demands are expected to approximate actual demands 
at the time of the tests, which were not known.  
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6.5 Calibration Method and Results 
Once the model was setup with the calibration scenario, the model was run for each hydrant test under 
static and residual conditions. The static condition for each test location represented the conditions with 
a closed flow hydrant. The residual condition for each test location represented the conditions with an 
open flow hydrant and was modeled with a demand at the junction equal to that observed during the 
test.  


For the static conditions, the model results were compared to observed pressures to validate boundary 
conditions set during the calibration setup. Areas with large discrepancies in static pressures may require 
further refinement in the future and are noted in the calibration summary table.  


The model calibration process involved comparing the difference in pressure between the static and 
residual simulations to the overall pressure drop observed during testing. Comparing the pressure drop 
rather than the individual static and residual pressures eliminates potential errors due to incorrect 
junction elevations. A trial-and-error approach was taken to resolve differences between the observed 
and model results. Elements that were reviewed and adjusted during this step include pipe C-factors and 
distribution facility setpoints such as PRVs.  


In some locations, model results could not be reasonably adjusted to be within an acceptable tolerance. 
For locations with significant differences between the model and field results, the following steps were 
taken to investigate the potential discrepancy:   


• Elevation verification – verified node elevations with another source


• Geometric verification – checked for missing pipes, incorrect diameters, or incorrect connectivity


The additional information below addresses the issues identified in the initial calibration model runs: 


Zone 1 
Test Site 1 


• Initial model results showed a smaller pressure drop than the field results particularly at 2 of the
4 residual hydrant locations along E Orange Grove Avenue.


• The C-factors of steel pipes installed between 1970-1980 were updated to 100 for the entire
system. After updating c-factors, pressure drop comparisons at two of the four residual hydrants
were within 5 psi.


• Further adjustment of C-factors in a reasonable range would not result in a close match to the
measured pressure drop at the other two hydrants. Unknown field conditions such as closed or
partially closed valves or incorrect pipes diameters could be contributing to the difference in
values. City staff field verified several of the pipe diameters in this area and found no
discrepancies. Because the pipe diameters in the area vary greatly in short sections, further
investigation of pipe diameters and/or closed valves in this area is recommended.


Test Site 3 
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• Initial model results showed a smaller pressure drop than the field results at all 3 residual
hydrants. This test site is close to the Mariposa PRV station.


• Adjusting C-factors in a reasonable range would not result in a closer match to the measured
pressure drop. This indicates either a restriction between the PRV and the flow hydrant or the
PRV was not activating.


• After the model was updated to reflect Mariposa PRV not activating, the pressure drop
comparisons at all residual hydrants were within 4 psi.


Zone 2 
Test Site 5 


• Initial model results showed a smaller pressure drop than the field results at all 3 residual
hydrants. This test site is close to the Santa Anita PRV station.


• Adjusting C-factors in a reasonable range would not result in a closer match to the measured
pressure drop. This indicates either a restriction between the PRV and the flow hydrant or the
PRV was not activating.


• After the model was updated to reflect only Santa Ana PRV not activating, the pressure drop
comparisons at 2 of the 3 residual hydrants were within 5 psi.


Test Sites 6 


• Initial model results showed a smaller pressure drop than the field results at all 3 residual
hydrants. This test site is close to the Acacia PRV station.


• Adjusting C-factors in a reasonable range would not result in a closer match to the measured
pressure drop. This indicates either a restriction between the PRV and the flow hydrant or the
PRV was not activating.


• After the model was updated to reflect only one of the valves at Acacia PRV as active, the pressure
drop comparisons at 2 of the 3 residual hydrants were within 1 psi.


Zone 3 
Test Site 8 


• Initial model results showed a close match within 4 psi at 2 out of 3 residual hydrants.


• Adjustment of C-factors in a reasonable range would not result in a close match to the measured
pressure drop at the third hydrant. Unknown field conditions such as closed or partially closed
valves or incorrect pipes diameters could be contributing to the difference in values. Simulating a
valve closed north of the second residual hydrant on Toyon Rd. in the model resulted in a closer
match. Field investigation of pipe diameters and/or closed valves in this area is recommended.


Test Site 9 


• Initial model results showed a smaller pressure drop than the field results at all 3 residual
hydrants.
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• Adjustment of C-factors in a reasonable range would not result in a close match to the measured
pressure drop. Unknown field conditions such as closed or partially closed valves or incorrect
pipes diameters could be contributing to the difference in values. City staff performed a field
investigation in the immediate vicinity of the test site and found no closed valves. Further field
investigation of pipe diameters and/or closed valves in this area is recommended.


Test Site 10 


• Initial model results showed a smaller pressure drop than the field results at 2 out of 3 residual
hydrants. One residual hydrant matched the pressure drop of field results.


• Adjustment of C-factors in a reasonable range would not result in a close match to the measured
pressure drop at the two hydrants. The flow at this location was low. It is possible the pitot gauge
reading was not accurate during the flow test. A sensitivity test was conducted in the model by
doubling the flow which resulted in a more accurate comparison. This indicates the pitot gauge
reading was not accurate.


A summary of calibration results can be seen in Table 7 below. More detailed results can be seen in Table 
8. 


Table 7 – Calibration Summary 


Count of Observation 
Hydrants per Flow Hydrant 


Number of Observation 
Hydrants Within 5 psi % of Total 


1 9 90 


2 17 85 


3 20 67 


Up to 4 20 63 


The initial C-factors assumed in Table 2 produced reasonable results compared to the field measured data. 
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Elevation Test Date Test 
Time


Hydrant 
Type


Outlet 
Size


Number 
of Outlets


Pitot 
Pressure


Computed 
Hydrant 


Flow


Static 
Pressure


Residual 
Pressure


Pressure 
Drop


Computed 
Static HGL 


(ft)
Model ID


Model 
Hydrant 


Flow


Static 
Pressure


 Residual 
Pressure


Pressure 
Drop


Computed 
Static HGL (ft) Static ∆P Residual 


∆P
Pressure 
Drop ∆P


E. Orange Grove Ave 621 1/31/2017 10:57 AM Flow 2.5 1 60 1298 J-HYD-3 1298 161 96 65 992.8
E. Orange Grove Ave/ Olivera Ln 625 Observation 155 100 55 983 J-HYD-4 159 117 42 992.8 4 17 -13


Olivera Ln 642 Observation 150 118 32 988 J-HYD-5 152 124 28 992.8 2 6 -4
Olivera Ln/ Monterey Pl 663 Observation 144 127 17 996 J-HYD-8 143 128 14 992.9 -1 1 -3


Rancho Rd./ E. Orange Grove Ave 634 Observation 152 114 38 985 J-HYD-13 156 137 19 992.7 4 23 -19
E. Bonita Ave 745 1/31/2017 11:32 AM Flow 2.5 1 6 411 J-HYD-40 411 107 99 8 992.7
E. Bonita Ave 738 Observation 112 50 62 997 J-HYD-39 110 104 6 992.7 -2 54 -56 Possible bad gauge reading. 


S Mountain Trail Ave/ Lowell Ave 733 Observation 110 104 6 987 J-HYD-41 113 111 1 992.8 3 7 -5
S Mountain Trail Ave/ E Bonita Ave 716 Observation 118 109 9 989 J-HYD-44 120 117 2 992.7 2 8 -7


S Mountain Trail Ave/ E Orange Grove Ave 706 Observation 122 119 3 988 J-HYD-55 124 122 2 992.6 2 3 -1
Ramona Ave 830 1/31/2017 12:55 PM Flow 2.5 1 30 918 J-HYD-85 918 70 54 16 992.6


Ramona Ave/ S Lima St 820 Observation 75 59 16 993 J-HYD-102 75 62 13 992.6 0 3 -3
Park Ave/ Ramona Ave 831 Observation 69 51 18 990 J-HYD-106 70 56 14 992.6 1 5 -4


Manzanita Ave/ Park Ave 820 Observation 74 58 16 991 J-HYD-105 75 62 13 992.6 1 4 -3
W Highland Ave/ Adams St 913 1/31/2017 1:27 PM Flow 2.5 1 0 800 J-HYD-174 800 76 69 7 1088.6
W Highland Ave/ N Lima St 924 Observation 69 65 4 1083 J-HYD-201 71 68 3 1087.8 2 3 -1


W Highland Ave/ N Hermosa Ave 916 Observation 73 65 8 1085 J-HYD-173 75 72 4 1089.5 2 7 -4
N Lima St/ W Laurel Ave 956 Observation 58 55 3 1090 J-HYD-206 57 54 3 1087.6 -1 -1 0


Vista Ave 945 1/31/2017 2:20 PM Flow 2.5 1 11 556 J-HYD-240 556 71 19 52 1108.4
Vista Ave 919 Observation 74 32 42 1090 J-HYD-241 82 33 50 1108.4 8 1 8
Vista Ave 883 Observation 88 46 42 1087 J-HYD-242 98 51 46 1108.4 10 5 4
Elkins Ave 862 Observation 100 62 38 1093 J-HYD-238 107 64 43 1108.4 7 2 5
Acacia St 887 1/31/2017 2:35 PM Flow 2.5 1 34 977 J-HYD-320 977 96 70 26 1108.6
Acacia St 853 Observation 102 69 33 1088 J-HYD-319 111 87 24 1108.6 9 18 -9


Valle Vista Dr 897 Observation 84 60 24 1091 J-HYD-321 92 69 23 1108.6 8 9 -1
Valle Vista Dr 856 Observation 104 80 24 1097 J-HYD-318 109 86 23 1108.6 5 6 -1


Orange Dr/ Canyon Crest Dr 1071 1/31/2017 3:11 PM Flow 2.5 1 28 887 J-HYD-273 887 120 104 17 1348.6
Orange Dr 1057 Observation 128 115 13 1352 J-HYD-328 127 115 11 1348.6 -1 0 -2


Orange Dr/ Canyon Crest Dr 1031 Observation 140 129 11 1354 J-HYD-327 138 127 11 1348.6 -2 -2 0
Idlehour Ln 1099 Observation 106 91 15 1344 J-HYD-275 108 97 11 1348.6 2 6 -4
Toyon Rd 1003 1/31/2017 3:36 PM Flow 2.5 1 50 1185 J-HYD-344 1185 155 137 18 1360.5


Toyon Rd/W Grandview 970 Observation 163 150 13 1347 J-HYD-185 169 160 9 1360.3 6 10 -4


Toyon Rd 1047 Observation 130 95 35 1347 J-HYD-345 136 124 12 1360.6 6 29 -23
Potential closed or partially closed valve(s) in this area. Simulating a
closed valve north of J-HYD-345 on Toyon Rd results in a better match at
this observation hydrant. 


W Grandview Ave/Toyon Rd 960 Observation 168 163 5 1348 J-HYD-179 174 167 7 1360.2 6 4 2
Michillinda Way 1135 1/31/2017 4:10 PM Flow 2.5 1 10 530 J-HYD-370 530 97 79 18 1360.0


N Michillinda Ave/ Michillinda Way 1147 Observation 109 70 39 1399 J-HYD-377 92 81 11 1360.0 -17 11 -28 Possible bad gauge reading.


N Michillinda Ave/ Gatewood Ln 1106 Observation 105 87 18 1349 J-HYD-379 110 101 9 1360.0 5 14 -9 Potential closed or partially closed valve(s) in this area. A sensitivity
check showed not enough difference by adjusting C-value.


Edgeview Dr 1150 Observation 87 70 17 1351 J-HYD-380 91 82 9 1360.0 4 12 -8 Potential closed or partially closed valve(s) in this area. A sensitivity
check showed not enough difference by adjusting C-value.


Oak Crest Dr 1242 1/31/2017 Flow 2.5 1 4 335 J-HYD-395 335 51 49 3 1360.7
Oak Crest Dr 1165 Observation 80 71 9 1350 J-HYD-394 85 83 2 1360.7 5 12 -7
Oak Crest Dr 1297 Observation 30 15 15 1366 J-HYD-330 28 25 3 1360.6 -2 10 -12


W Carter Ave/ Oak Crest Dr 1092 Observation 115 114 1 1358 J-HYD-397 116 115 1 1360.7 1 1 0


8 3


9 3


10 3


5 2


6 2


7 3


Observed flow is low--it is possible the pitot gauge reading was not
accurate during the flow test. Doubling the flow results in a more accurate
comparison which indicates the pitot gauge reading was not accurate. A
sensitivity check showed not enough difference by adjusting C-value 


The headloss difference cannot be accounted for by adjusting C-values
which indicates that either there is a restriction between the PRV and the
flow hdyrant or the PRV was not activating. The model was updated with
one of the valves at the Acacia PRV station not activating.


ComparisonModel DataField Data
Pressure Drop Comments


Potential closed or partially closed valve(s) in this area. A sensitivity
check showed not enough difference by adjusting C-value. Further
investigation of pipe diameters in this area is also recommended. C-
values for 1970-1980 STL pipe were updated from 120 to 100.


Table 8
Summary of Hydrant Flow Test Data and Calibration Results


The headloss difference cannot be accounted for by adjusting C-values
which indicates that either there is a restriction between the PRV and the
flow hydrant or the PRV was not activating. The model was updated with
Mariposa PRV station valves not activating.


The headloss difference cannot be accounted for by adjusting C-values
which indicates that either there is a restriction between the PRV and the
flow hydrant or the PRV was not activating. The model was updated with
Santa Anita PRV station valves not activating.


Test LocationZoneTest


1 1


2 1


3 1


4 2
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7.0 Conclusions and Recommendations 


7.1 Conclusions 
Overall, the model results matched field results reasonably well over the calibration period. As shown in 
Table 7, with at least one observation hydrant per hydrant test, nine observation hydrants out of ten are 
within 5 psi. With at least two observation hydrants per hydrant test, the model results are within 85% of 
field measurements. Achieving the 5-psi tolerance for most comparison points involved making a few 
modifications to the model including adjustments to pipe C-factors and PRV settings.   


7.2 Recommendations 
The following recommendations have been developed based on the model update and calibration effort 
along with IDM’s experience with standard industry best-practices for hydraulic modeling. 


• Verify pressure reducing and flow control valve settings and elevations are accurate and update
the model accordingly. This will provide the best correlation of flows and pressures between the
model and actual operations.


• Install hydrant pressure recorders (HPR) near the PRV stations to verify PRV settings in the areas
where the model results did not match field measurements.


• For the hydrant locations where the modeled pressure did not match that of field measurements,
redo the test by installing HPRs along the main path to monitor pressure drops which could be
indicative of closed or partially closed valves.


• Update or verify the hydraulic model including, but not limited to, facility modifications, PRV
settings, zone boundary valves, piping improvements, demands, etc. on a bi-yearly basis, at a
minimum.


• Perform a system-wide calibration preferably every 5 years in response to demand or operational
changes.
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Figure 2
Hydrant Test Plan
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Figure 3
Hydrant Test Plan
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Figure 4
Hydrant Test Plan
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Figure 5
Hydrant Test Plan
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Figure 6
Hydrant Test Plan
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Figure 7
Hydrant Test Plan
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Figure 8
Hydrant Test Plan


Fire Hydrant 
Test Site 7


City of Sierra Madre
0 200100


Feet
1 inch = 200 feet


/


R1


R2


R4


R3
Legend
G!. Flow Test Hydrant


G!. Observation Hydrant
G!. Non-Test Hydrants


Pipeline Material
All other material
Steel
Ductile Iron
Welded Steel
Cement Mortar Lined & Coated
Asbestos Concrete
Reinforced Steel
Galvanized







G!.G!.G!. G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.
G!.


G!.


G!.G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.


G!.G!.


Q


6-i
n


12-in


6-in
6-i


n
6.6


3-i
n


6-i
n


12-in


8-i
n4-i
n 4-i


n


8-i
n


4-in


12-in


8-in


6-i
n


14
-in


Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS
User Community, Esri, HERE, DeLorme, MapmyIndia, © OpenStreetMap
contributors


Figure 9
Hydrant Test Plan
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Figure 10
Hydrant Test Plan
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Figure 11
Hydrant Test Plan
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Appendix C 
Six-Year Distribution System Replacement 


Program 
  







Water System Improvement Plan 2018‐19 to 2023‐24
Table A Dollars in Thousands


Program & Project Descriptions Zone Unit Quantity Justification


2018‐19 2019‐20 2020‐21 2021‐22 2022‐23 2023‐24 2024‐25 2025‐26 2026‐27 2027‐28 Totals Post 2028


Distribution System Replacement Program
A. Distribution System


Project I
1 Skyland Dr/Idlehour Ln 3 LF 1,915 Hydraulics, Siesmic, Fire Protection 322,100 322,100
2 N Michillinda Ave/Gatewood Ln 3 LF 1,971 Hydraulics, Siesmic, Fire Protection 347,200 347,200
3 Canyon Crest Dr. 3 LF 682 Hydraulics, Siesmic, Fire Protection 121,200 121,200
4 Manzanita Ave. 1 LF 895 Hydraulics, Siesmic, Fire Protection 150,500 150,500
5 Sierra Place/San Gabriel Ct 1 LF 601 Hydraulics, Siesmic, Fire Protection 106,200 106,200


Project II 1,047,200
6 Colony Dr/Santa Anita Ct/Holdman 1 LF 4,487 Hydraulics, Siesmic, Fire Protection 754,300 754,300
7 Windsor Ln/W Montecito Ave 2 LF 1,413 Hydraulics, Siesmic, Fire Protection 275,400 275,400


Project III 1,029,700
8 W Bonita Ave/S Baldwin Ave 1 LF 777 Hydraulics, Siesmic, Fire Protection 137,300 137,300
9 W Alegria/N Sunnyside/W Grandvie 3 LF 1,531 Hydraulics, Siesmic, Fire Protection 298,500 298,500
10 N Sunnyside Ave 3 LF 1,571 Hydraulics, Siesmic, Fire Protection 276,300 276,300
11 Wilson St. 2 LF 798 Hydraulics, Siesmic, Fire Protection 134,100 134,100
12 Santa Anita Ave. 3 LF 102 Hydraulics, Siesmic, Fire Protection 17,200 17,200
13 Fairview Ave. 3 LF 150 Hydraulics, Siesmic, Fire Protection 25,300 25,300
14 Canyon Crest Dr. 3 LF 301 Hydraulics, Siesmic, Fire Protection 76,000 76,000


Project IV 964,700
15 Woodland Dr. 3 LF 1,704 Hydraulics, Siesmic, Fire Protection 362,400 362,400
16 Liliano Dr 3 LF 2,426 Hydraulics, Siesmic, Fire Protection 580,100 580,100
17 Camillo St. 3 LF 343 Hydraulics, Siesmic, Fire Protection 72,000 72,000


Project V 1,014,500
18 Lotus Ln/Camillo St 3 LF 699 Hydraulics, Siesmic, Fire Protection 146,800 146,800
19 N Michillinda Ave 2 LF 559 Hydraulics, Siesmic, Fire Protection 117,400 117,400
20 Kaia Ln 3 LF 262 Hydraulics, Siesmic, Fire Protection 55,000 55,000
21 Liliano Dr 3 LF 79 Hydraulics, Siesmic, Fire Protection 16,600 16,600
22 E Grandview Dr. 3 LF 75 Hydraulics, Siesmic, Fire Protection 15,800 15,800
23 E Highland Dr 1 LF 602 Hydraulics, Siesmic, Fire Protection 122,600 122,600
24 W Laurel Ave 1 LF 213 Hydraulics, Siesmic, Fire Protection 44,700 44,700
25 E Montecito Ave 1 LF 458 Hydraulics, Siesmic, Fire Protection 77,000 77,000
26 Gatewood Ln. 1 LF 262 Hydraulics, Siesmic, Fire Protection 55,000 55,000
27 Grove St 1 LF 1,222 Hydraulics, Siesmic, Fire Protection 248,500 248,500
28 W Sierra Madre Blvd. 1 LF 742 Hydraulics, Siesmic, Fire Protection 184,500 184,500


Project VI 1,083,900
29 Sierra Keys Dr. 3 LF 235 Hydraulics, Siesmic, Fire Protection 49,400 49,400
30 N Hermosa Ave 2 LF 456 Hydraulics, Siesmic, Fire Protection 84,900 84,900
31 W Highland Ave 2 LF 667 Hydraulics, Siesmic, Fire Protection 140,200 140,200
32 N Sunnyside Ave 3 LF 52 Hydraulics, Siesmic, Fire Protection 11,000 11,000


285,500


Total Projected Cost 5,425,500
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Appendix D 
Useful Life of Distribution System Elements 
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TABLE B – USEFUL LIFE OF SYSTEM ELEMENTS 


 Item Years 


Ductile Iron Pipe (DIP) 75 


Steel Pipe (STL) 50 


Welded Steel Pipe (WS) 50 


Riveted Steel Pipe (RSP) 50 


Asbestos Cement Pipe (AC) 75 


Cast Iron Pipe (CI) 75 


Cement Lined & Coated Pipe (CL&C) 50 
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