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EXECUTIVE SUMMARY 

The Calaveras Public Utility District (District) is assembling a water master plan update for its 

water system to support the development of a 5-year Capital Improvement Program (CIP) and 

20-year Asset Management Program (AMP) to ensure adequate funding for future 

improvements. The CIP incorporates input from District’s staff based on institutional knowledge 

of the water system, along with the results of a computerized hydraulic model of the distribution 

system. The District retained the services of Peterson Brustad, Inc. to develop this master plan 

for their water system. The water master plan includes an evaluation of the water system’s water 

supply, water demands, water treatment facilities, transmission system, distribution system, and 

storage facilities.  

The water system currently serves approximately 2,040 service connections in the communities 

of San Andreas, Mokelumne Hill, Paloma, and portions of Glencoe and Rail Road Flat. The Jeff 

Davis Reservoir and Water Treatment Plant (WTP) treats Mokelumne River water. The District’s 

maximum allowed diversion is 6,656 acre-feet per year (AFY). Raw water is pumped from the 

South Fork of the Mokelumne River to the Jeff Davis Reservoir and flows by gravity from the 

reservoir to the WTP. The reservoir capacity is 2,300 acre-feet (AF), and the WTP’s design capacity 

is 6 million gallons per day (MGD). The plant was constructed to allow expansion to 12 MGD 

capacity.  

The District provided historical water usage records and number of active connections (or 

accounts) at the end of each calendar year for the past 12 years. The 12 years of data indicated 

an average daily demand to be 753 gallons per minute (gpm) or 1.1 MGD. Future 20-year 

projected demands were predicted utilizing a 1% growth rate to coincide with Calaveras County’s 

General Plan projected population growth rate of 0.7%. 

The District’s InfoWater® hydraulic model was used to analyze different water supply and 

demand scenarios throughout the distribution system, clearwell and storage tanks, and pressure 

reducing valves. The scenarios created for this master planning effort include average day 

demand (ADD), maximum day demand (MDD) with fire flow demand, and peak hour demand 

(PHD). The scenarios were created for the existing distribution system (2023 system with 

historical demands), and for the projected future distribution system (2043 system with 2043 

demands including future anticipated development). The safe yield of the water right at the 

South Fork Pump Station is more than adequate to supply the 1,482 AF of annual water demands 

expected in 2043. At the current 1% growth rate, the annual water demand will reach 6,656 AF 

in 150 years. At an increased growth rate of 2% per year, the annual water demand would reach 

6,656 AF in the year 2098.  
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The future water system analysis results in a capacity that is more than adequate to serve the 

projected growth of 1% per year in the District. The results from the system analysis identify that 

fire flow capacity is the governing factor for recommended piping improvements. It is assumed 

that all pipes will be at the end of their useful life within the next 50 years and will need 

replacement. The recommended 20-year AMP is to replace 2% of the distribution system piping 

per year as part of an annual infrastructure program. Additionally, inspection of condition of 

existing facilities identify a number of recommended high priority rehabilitation projects at the 

South Fork Pump Station, all hydro stations, and storage tanks. 

Overall, the District’s system generally meets all performance criteria with exception of fire flow 

capacity at maximum day demand and some locations of low and high pressure. The low and high 

pressure areas are anticipated considering the wide range in terrain across the service area and 

are not expected to pose a concern to the system. Much of the District’s distribution piping is 

smaller than the District’s minimum size criteria so the fire flow capacities can be largely 

addressed by upsizing pipe over time. It is also recommended that the District implement a 

flushing program to address the low velocities throughout the distribution system. 

Projects recommended to improve fire flow capacity, rehabilitate existing pump station and 

storage tank facilities, or replace existing aging infrastructure are included in a 5-year CIP and 20-

year AMP. The total recommended CIP includes 19 projects for a total planning cost estimate of 

approximately $16 million, in 2024 dollars plus an annual pipeline replacement of $2.9 million 

each year as part of the 20-year AMP.  

The 19 projects on the recommended CIP include: 

• Replacing the 20-inch raw water pipeline to Jeff Davis Reservoir (in three phases) 

• South Fork Pump Station –  

o Repair undercutting of the dam 

o Repair broken river gate and add a catwalk 

o Address intake plugging and a safe mechanism to raise and lower the intake pump 

station gates 

o Replace soft starters with VFDs and remove hydropneumatic tank 

o Repair valve in sump 

o Add flow new meter 

o Upgrade electrical and add SCADA controls for remote operation 

• Glencoe Pump Station – renovate pump station to improve operability, address fire flows, 

and provide meters and SCADA for monitoring 

• Ponderosa Hydro #1 – Provide isolation valves for station, structural upgrades, and 

upgrade electrical equipment and add SCADA 
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• Main Control Valve Hydro #2 – Provide isolation valves for station and structural 

upgrades, and add SCADA 

• Mokelumne Hill Tank – Recoat tank interior and exterior, upgrade ladder for OSHA, add 

meters, and provide backup power 

• Paloma Tank – Replace or upgrade tank and provide SCADA and add meter 

• Garamendi Hydro #3 – Provide isolation valves for station, structural upgrades and 

upgrade electrical equipment, and add SCADA 

• Golden Hills Tank – Upsize the piping in the road in order to allow the Golden Hills tank 

to be abandoned.  

• San Andreas Tank – Recoat tank interior and exterior, upgrade ladder for OSHA, modify 

overflow to provide airgap, provide meters and SCADA for monitoring and provide backup 

power 

• Jeff Davis WTP – Replace piping in building and add backwash reclaim system 

• Jeff Davis Clearwell #1 – Recoat tank interior and exterior including structural repairs, and 

add baffling to match the new tank 

 

The total cost of the CIP and AMP is $74 million, in 2024 dollars, over the next 20 years. 
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 - INTRODUCTION 

This document represents the findings and recommendations of the 2024 update to the 

Calaveras Public Utility District’s (District) Water Master Plan (WMP). The previous WMP was 

prepared by Peterson Brustad Inc. (PBI) in 2008.  

 Purpose of the Master Plan Update 

The purpose of this 2024 WMP Update is as follows: 

• Review the existing Water Master Plan and identify and complete the necessary updates 

to the plan.  

• Review water demands and supply and provide recommendations for meeting existing 

and ultimate water demands, including during drought and emergency scenarios.  

• Evaluate the capacity of the existing water system such as raw water storage, raw water 

conveyance, water treatment plant, distribution piping, pumping, and storage facilities 

with respect to meeting existing and ultimate water demands, including current and 

future fire flow capabilities.  

• Update and calibrate the District’s current hydraulic model.  

• Provide detailed recommendations for Water Treatment Plant Improvements that 

consider capacity, regulations, and maintenance costs.  

• Determine the most cost‐effective improvements for the water treatment plant, raw 

water storage, raw water conveyance, distribution system including the pipelines, storage 

facilities and pump stations.  

• Prepare a list of recommended capital facilities improvements including estimated costs 

and implementation schedule for a 5‐year CIP and a 20‐year Asset Management Program.  

 

 Background Documents & Data Collection 

This 2024 WMP Update primarily relies on the following documents for information regarding 

the District’s water use and potential infrastructure improvements: 

• Water Master Plan (PBI, October 2008) 

• Jeff Davis Water Treatment Plant Evaluation (Mead & Hunt, April 2015) 

• 2014 Initial Study Update - Middle Fork Ditch Pipeline And Hydroelectric Power Feasibility 

Study (KASL, June 2015) 
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• Calaveras County General Plan (Calaveras County, November 2019) 

• Distribution System Feasibility Study (California Rural Water Association, December 2022) 

• Maintenance Inspection – Clearwell Tank (CSI Services, July 2023) 

• Maintenance Inspection – Golden Hills Reservoir (CSI Services, November 2023) 

• Maintenance Inspection – Mokelume Hill Reservoir (CSI Services, November 2023) 

• Maintenance Inspection – Paloma Reservoir (CSI Services, November 2023) 

• Maintenance Inspection – Railroad Flat Tank (CSI Services, November 2023) 

• Maintenance Inspection – San Andreas Reservoir (CSI Services, November 2023) 

 Abbreviations 

AC Asbestos-Cement 

ADD Average Day Demand 

AF Acre-Feet 

AFY Acre-Feet per Year 

CCWD Calaveras County Water District 

cfs Cubic Feet per Second 

CIP Capital Improvement Program 

CMLC Cement Mortar Lined and Coated 

CRWA California Rural Water Association 

DBP Disinfection By-Product 

DDW State Water Resources Control Board, Division of Drinking Water 

DEM Digital Elevation Model 

District Calaveras Public Utility District 

ES Emergency Storage 

FF Fire Flow 

FSR Fire Storage Reservation 

Ft Feet 

ft/s Feet per Second 

gpm Gallons per Minute 

HAA5 Haloacetic Acids 

HDPE High-Density Polyethylene 

HGL Hydraulic Grade Line 

Hp Horsepower 

kW kilowatt 

LF Linear Feet 
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MCL Maximum Contaminant Level 

MDD Maximum Day Demand 

MG Million Gallons 

MGD Million Gallons per Day 

PBI Peterson Brustad Inc. 

PHD Peak Hour Demand 

PRV Pressure Reducing Valve 

psi Pounds per Square Inch 

PVC Polyvinyl Chloride 

SF Square Foot 

SFPS South Fork Pump Station 

SPS System Peaking Storage 

SWTR Surface Water Treatment Rule 

TDH Total Dynamic Head 

TTHM Total Trihalomethane 

ug/L micrograms per liter or parts per billion 

USGS United States Geological Survey 

WMP Water Master Plan 

WTP Water Treatment Plant 

 Report Organization 

Following this introductory Chapter, the 2024 WMP Update includes the following chapters: 

• Chapter 2 – Existing Water System:  Describes the District’s existing water service area 

and provides background information on the District’s existing water system including 

water supply, storage and transmission/distribution facilities.  

• Chapter 3 – Water Demands: Presents the existing water demands, population 

projections and projected future water demands 

• Chapter 4 – Water Supply:  Summarizes the District’s current water supply, future water 

supply needs, and future water supply alternatives 

• Chapter 5 – Water Treatment Plant Process Evaluation:  Assesses the WTP’s current 

treatment process and its ability to meet projected future demands and drinking water 

regulations 

• Chapter 6 – Hydraulic Model Development:  Discusses the process of updating and 

calibrating the current hydraulic model 

• Chapter 7 – Distribution System Criteria:  Presents the system design criteria used to 

evaluate the water system 
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• Chapter 8 – Distribution System Analysis:  Presents results of hydraulic model evaluation 

of the existing and future water distribution system under the existing and projected 

future water demands  

• Chapter 9 – Facility Condition Assessment:  Summarizes information gathered from 

separate studies that assessed the condition of the distribution system piping, WTP and 

all District storage tanks 

• Chapter 10 – Recommended Capital Improvement Program and Asset Management Plan:  

Recommends projects based on the analysis of the existing and future water system and 

presents planning cost estimates and timelines for implementation of the recommended 

projects 

• Appendices  
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 – EXISTING WATER SYSTEM 

The Calaveras Public Utility District (District) was formed in 1934 by an election held on January 

16, 1934 under the California Public Utilities Code. At the time of the election, the District did not 

own any facilities. In 1937, the District purchased the Mokelumne River Power and Water 

Company’s water system of reservoirs, ditches, and flumes. The Jeff Davis WTP and Reservoir, 

storage tanks, pipelines, and other associated improvements were constructed in 1973. Water 

rights used by the District were obtained January 19, 1939 from the Mokelumne River Power and 

Water Company. The same rights have been transferred between individuals and entities since 

1852. 

The District’s existing water system serves approximately 2,040 service connections in the 

communities of San Andreas, Mokelumne Hill, Paloma, and portions of Glencoe and Rail Road 

Flat. Figure 2-1 presents District’s existing water service area.  

Raw water is pumped from the South Fork Mokelumne River to the Jeff Davis Reservoir. Raw 

water then flows by gravity from the Jeff Davis Reservoir to the Jeff Davis WTP, located north of 

Ridge Road in the Rail Road Flat area, to treat the Mokelumne River water.  

Treated water is currently delivered by gravity from the WTP’s Clearwell to the transmission 

main, which traverses westward serving the communities of Mokelumne Hill, San Andreas, 

Glencoe, and Paloma. Treated water is also pumped from the WTP Clearwell to the Rail Road Flat 

Storage Tank to serve the community of Rail Road Flat.  

The District has a unique operational strategy that is controlled from the bottom of the system 

starting at the San Andreas CLA Valve. When the San Andreas CLA Valve opens, the PRV at Hydro 

#3 also opens which then begins to draw down the Mokelumne Hill Tank. As the level in the 

Mokelumne Hill Tank drops, the PRVs at Hydro #1 and #2 are opened which then draws down 

the Clearwells at the Water Treatment Plant (WTP) and activates the WTP. 
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 Existing Raw Water Facilities 

The District’s existing raw water facilities include the Mokelumne River Pump Station, raw water 

pipelines, Jeff Davis Reservoir, and Schaads Reservoir. Figure 2-2 presents the location of the 

District’s raw water facilities. 

Figure 2-2. Existing Raw Water Facilities 

 

 

 South Fork Pump Station 

A diversion dam on the Mokelumne River, just downstream of the confluence of the South and 

Licking forks of the Mokelumne River, diverts flow to the South Fork Pump Station (SFPS). The 

SFPS consists of two 400 HP Floway vertical turbine pumps that were installed in 1972. Each 

pump has 9 stages and was designed to produce 2,000 gallons per minute (gpm) at 650 feet total 

dynamic head (TDH). The combined operation of both pumps produces approximately 3,300 

gpm. The SFPS pumps raw water into a 2-mile long, 20-inch diameter steel raw water 

transmission pipeline that extends to the Jeff Davis Reservoir. 

 Jeff Davis Reservoir 

The Jeff Davis Reservoir covers approximately 66 acres and has a capacity of approximately 2,300 

acre-feet (AF). The Jeff Davis Reservoir is located in a local watershed of approximately 200 acres 

and was formed by the construction of an earthen dam.  Raw water is delivered from the Jeff 

Davis Reservoir to the Jeff Davis WTP via a 500-feet long, 24-inch diameter pipeline. The District 
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typically pumps from the Mokelumne River during the winter and spring months and stores the 

raw water in the Jeff Davis Reservoir prior to treatment year-round. 

 Schaads Reservoir  

The Schaads Reservoir is located along the Middle Fork of the Mokelumne River and has a 

capacity of approximately 1,800 AF. Schaads Reservoir is not currently connected (hydraulically) 

to the raw water facilities at the Jeff Davis Reservoir. Historically, water from Schaads Reservoir 

moved through a diversion canal to the Licking Fork of the Mokelumne River and ultimately to 

the South Fork of the Mokelumne River. From this point, the existing SFPS downstream of the 

Schaads diversion was used to pump this water from the South Fork of the Mokelumne River.  

The District currently uses the raw water in Schaads Reservoir to supply the Calaveras County 

Water District (CCWD) with up to 200 AF per year by releasing the water into the Middle Fork of 

the Mokelumne River. CCWD pumps this water from the Middle Fork of the Mokelumne River to 

their West Point Water Treatment Plant.  

In addition, the District uses the raw water in Schaads Reservoir to generate power. The District 

owns a hydropower generating pressure reducing station to capture the available head on the 

releases from Schaads Reservoir. 

 Existing Treated Water Facilities 

The District’s existing treated water facilities include the Jeff Davis WTP, pressure reducing 

stations, transmission main and distribution piping, pump stations and water storage tanks. 

Figure 2-3 presents the location of the District’s existing treated water facilities. 
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Figure 2-3. Existing Treated Water Facilities 

 

 Jeff Davis Water Treatment Plant 

The Jeff Davis WTP consists of six dual media pressure filters, each capable of producing 1 million 

gallons per day (MGD) of treated water for a total capacity of 6 MGD. Chlorine and polymer are 

added to the raw water prior to entry into the filters for oxidation and coagulation. Zinc 

orthophosphate is fed at the common filter effluent line for distribution system corrosion control. 

Chlorine is also added again before the Clearwell for disinfection. The WTP was designed to allow 

for expansion to 12 MGD capacity with the addition of six pressure filters.  

The Jeff Davis WTP weas originally constructed in 1971. In 2005, all filter vessels were inspected 

and recoated. In addition, all of the filter media was replaced in 2005. In 2011, the top 6” of filter 

media was replaced as a result of fouling from leafy plant growth in Jeff Davis Reservoir. In 2015, 

the District performed an evaluation of the Jeff Davis WTP (Mead & Hunt, 2015). The 

recommendations of this evaluation are presented in Chapter 5 – WATER TREATMENT 

EVALUATION. In the spring of 2023, the District hired a contractor to add additional filter media 

to all filter vessels.  

 Transmission Main and Distribution Piping 

Transmission main piping delivers water from the Jeff Davis WTP Clearwell to Mokelumne Hill, 

Paloma and San Andreas. The District’s existing transmission main system contains 

approximately 18 miles of 16-inch to 27-inch diameter cement mortar lined and coated (CMLC) 

steel pipe. Distribution system piping delivers the water from the transmission main to the 

District’s customers. There are approximately 20 miles of 2-inch to 12-inch diameter pipelines in 
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the District’s distribution system. The distribution system piping consists mostly of CMLC steel 

pipe, polyvinyl chloride (PVC) pipe, and some limited lengths of asbestos-cement (AC) pipe and 

ductile iron pipe. Figure 2-4 below shows the various types of pipes within the District’s 

distribution and transmission main systems. 

Figure 2-4. District Pipe Material Types 

 

 Pressure Reducing Stations 

Significant drops in elevation in the District’s transmission main and distribution system piping 

require pressure reducing stations to maintain water pressures at reasonable levels. There are 

three main pressure reducing stations used to regulate the pressure along the transmission main. 

These pressure reducing stations use hydroelectric turbines to generate electricity while reducing 

pressure. Table 2-1 presents the characteristics of the three transmission main pressure reducing 

stations.  

Table 2-1. Transmission Main Pressure Reducing Stations (Hydroelectric Turbines) 
Pressure Reducing 

Station 

Inlet Pressure 

Range (psi) 

Turbine Outlet 

Pressure (psi) 

Turbine Flow 

Capacity (gpm) 
Operational Conditions 

Ponderosa  

Hydro #1 
250-255 45 1,500A 

Only when the 

Mokelumne Hill Tank 

 is filling 

Main Control Valve 

Hydro #2 
175-195 20 1,500 A 

Only when the 

Mokelumne Hill Tank 

 is filling 

Garamendi’s  

Hydro #3 
265-270 85 1,500 A 

Only when the San 

Andreas Tank is filling 

A A 6-inch bypass pressure reducing valve is provided for water demands when the turbines are not 

operation 

30%

30%

8%1%

0%

31%

CMLC PVC AC Poly DIP Unknown
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In addition, there are 12 smaller pressure reducing stations that use pressure reducing valves to 

reduce the pressure in the distribution system (see Table 2-2). All of the District’s pressure 

reducing stations are described in detail in Chapter 6 – HYDRAULIC MODEL DEVELOPMENT. The 

use of these pressure reducing stations (along with pump stations and water storage tanks) 

creates the 17 existing pressure zones in the District’s transmission main and distribution piping 

system. Figure 2-5 presents a map of these pressure zones in the District’s transmission main and 

distribution piping system. 

Table 2-2. Small PRVs in System 

Location 
Main Valve 

Size 

Downstream 

Pressure 

Setting (psi) 

Pressure Zones 
PRV 

Elevation 

PRV HGL 

(ft) 

Ponderosa PRV Station 6" 50 Jeff Davis to Ponderosa 2182.38 2297.88 

Ponderosa PRV Station 2" 110 Jeff Davis to Ponderosa 2182.38 2436.48 

MCV PRV Station 10" 30 Ponderosa to MCV 1805.15 1874.45 

Garamendi PRV Station 6” 95 MCV to Garamendi 1237.83 1457.28 

Mokelumne Hill (MH Fire 

PRV 2) 
12" 25 

Mokelumne Hill to 

Mokelumne Hill Fire Station 
1538.33 1596.08 

Golden Hills PRV 6” 150 
Garamendi to Golden Hills 

South 
965.24 1311.74 

Golden Strike Road PRV 6" 65 Garamendi to Mobile Home 813.33 963.48 

Leonard Road PRV 12” 120 Garamendi to Murray Creek 843.58 1120.78 

Forestry 4” 33 
San Andreas West to San 

Andreas 
1090.70 1166.93 

Ken James 8” 70 
San Andreas West to San 

Andreas 
1055.82 1217.52 

Cemetery/Churchill 1 8” 35 Church Hill to San Andreas 1168.39 1249.24 

Cemetery/Churchill 2 10” 7 
San Andreas West to San 

Andreas 
1166.46 1182.63 

Angels Road PRV 2” 70 Angels Road to San Andreas 1085.04 1246.74 

Tscornia Field PRV 10” 40 
Tscornia Field to San 

Andreas 
1069.72 1162.12 
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 Pump Stations 

There are two pump stations in the District’s distribution system: 

• Rail Road Flat Pump Station – pumps water from the Jeff Davis WTP Clearwell to the Rail 

Road Flat Water Storage Tank 

• Glencoe Pump Station – maintains the water pressure in the Glencoe hydropneumatic 

tank 

Table 2-3 presents the characteristics of the District’s two existing pump stations  

Table 2-3. Pump Stations 
Pump Station Pump Number Design Capacity Motor Size 

Rail Road Flat 
1 250 gpm at 255 ft Head 25 HP 

2 245 gpm at 255 ft Head 25 HP 

Glencoe 
1 210 gpm at 310 ft Head 25 HP 

2 210 gpm at 310 ft Head 25 HP 

 

 Water Storage Tanks 

The District operates five water storage tanks along with the two Clearwells at the Jeff Davis WTP 

to meet daily water demands and provide emergency fire flow requirements. These water 

storage tanks are located throughout the District’s distribution system. Table 2-4 presents the 

characteristics on the District’s existing water storage tanks. 

Table 2-4. Water Storage Tanks 

Water Storage Tank 
Nominal 

Capacity (gal) 
Diameter (ft) Height (ft) 

Jeff Davis WTP Clearwell #1 500,000 70 18 

Jeff Davis WTP Clearwell #2 500,000 70 18 

Rail Road Flat Tank 500,000 47 40 

Mokelumne Hill Tank 1,500,000 80 45 

Golden Hills Tank 40,000 20 16 

Paloma Tank 125,000 30 24 

San Andreas Tank 3,000,000 110 43 

TOTAL STORAGE 6,165,000 
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 – WATER DEMANDS 

 Existing Water Demand 

The District provided 12 years of historical water usage data from 2011 to 2022 to use for the 

basis for determining the existing water demand. The average day demand (ADD) was 

determined by dividing the annual usage for each year by 365 days. The maximum day demand 

(MDD) for each year represents the highest usage day of the year. Table 3-1 presents a summary 

of the historical water usage. 

Table 3-1. Historical Water Usage 

Year 
Annual Usage 

(AFY) 

Average Day 

Demand (gpm) 

Maximum Day 

Demand (gpm) 

2011 1,268 786 1,661 

2012 1,432 887 2,397 A 

2013 1,519 942 1,730 

2014 1,160 719 1,629 

2015 1,033 641 1,521 

2016 1,342 832 1,611 

2017 1,268 786 1,648 

2018 1,181 732 1,426 

2019 1,181 732 1,594 

2020 1,096 679 1,250 

2021 1,068 662 1,289 

2022 1,021 633 1,187 

Average Annual Usage 1,214 

753 

1,730 A 

Average ADD 

Maximum MDD 
A The 2012 MDD is significantly higher than the other years and is considered an 

outlier. Therefore, the 2012 MDD was not used to determine the Maximum 

MDD. 

 

To determine the existing ADD to be used for analysis in this WMP Update, the average ADD over 

the last 12 years was determined.  Table 3-1 shows that the existing ADD is 753 gpm.  

To determine the existing MDD to be used for analysis in this WMP Update, the maximum MDD 

over the last 12 years was determined.  Table 3-1 shows that the existing MDD is 1,730 gpm.  

The ADD to MDD peaking factor based on these results is 2.3. 

The existing peak hour demand (PHD) represents the demand during the peak hour on the 

maximum day. To be consistent with the diurnal curve pattern for the District’s water system 
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(discussed in Section 3.3 Diurnal Demand Curve), the MDD to PHD peaking factor is 2; therefore, 

the existing peak hour demand is estimated to be 3,460 gpm. 

  Future Demand 

The Calaveras County General Plan (November 2019) lists the 2019 population of Calaveras 

County as 41,277. The General Plan projects that the population in Calaveras County will reach 

48,035 in 2040 using California Department of Finance population projections. This growth can 

be represented as a 0.72% average annual growth rate per year, or 1% to be conservative. 

Projecting demands for the future expansion of the system will consist of applying a 1% annual 

growth rate in demand, compounded annually from 2023 through 2043. Table 3-2 presents a 

comparison of the District’s existing and future water demands in 2043. 

Table 3-2. Estimated Future Water Demands 
Water Demand 

Scenario 

Annual Usage 

(AFY) 

ADD 

(gpm) 

MDD 

(gpm) 

PHD 

(gpm) 

2023 

(Existing) 
1,215 753 1,730 3,460 

2043 

(future) 
1,482 918 2,111 4,222 

 

 Diurnal Demand Curve 

A diurnal demand curve was created by the California Rural Water Association (CRWA) for their 

hydraulic model for the Calaveras Public Utility District Distribution System Feasibility Study 

(December 2022).  This diurnal demand curve will be used in the analyses developed for this 

WMP Update. Table 3-3 presents the daily demand multipliers for this diurnal demand curve and 

Figure 3-1 shows this curve over a 24 hour period. 

Table 3-3. Diurnal Demand Curve Multipliers 

Hour 
Daily Demand 

Multiplier 

 
Hour 

Daily Demand 

Multiplier 

 
Hour 

Daily Demand 

Multiplier 

1 0.2  9 1.4  17 1.5 

2 0.2  10 1.1  18 1.7 

3 0.3  11 1  19 1.5 

4 0.4  12 0.9  20 1.2 

5 1  13 0.9  21 1 

6 1.9  14 0.7  22 0.7 

7 2  15 0.7  23 0.5 

8 1.9  16 0.9  24 0.4 
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Figure 3-1. Diurnal Demand Curve 
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 – WATER SUPPLY 

 Existing Water Rights 

The District obtains its water from the South Fork of the Mokelumne River at its South Fork Pump 

Station (SFPS) that moves water via the raw water pipeline to the Jeff Davis Reservoir. The water 

right was obtained from the Mokelumne River Power and Water Company as deeded on January 

19, 19391. The State Water Resources Control Board requested a title search from an attorney 

documenting the paper trail to the origin of the water rights, which was discovered to have 

originated on March 21, 1853, as a water right originally obtained by Allen Cadwalader and 

Charles Cadwalader for the Mokelumne Hill Canal and Mining Company, for use in damming and 

mining. These individuals the first with interest of the water rights that the District uses today on 

the Mokelumne River2. 

The water right is defined clearly in an August 16, 1940 agreement with East Bay Municipal Utility 

District, which stated that the District has a right to a flow of natural and stored water of up to 

15 cubic feet per second (cfs), up to a claimed amount of approximately 9,125 AFY. Schaads 

Reservoir storage, 1,800 AFY, is included in that amount. However, the South Fork Pump Station 

has a safe yield established in Water Right Order 16338 limits the maximum diversion to 6,656 

AFY. 

The safe yield of the water right at the South Fork Pump Station is more than adequate to supply 

the 1,482 AF of annual water demands expected in 2043. At the current 1% growth rate, the 

annual water demand will reach 6,656 AF in 150 years. At an increased growth rate of 2% per 

year, the annual water demand would reach 6,656 AF in the year 2098. 

 Water Supply Storage 

The only raw water supply storage currently available to the District is the Jeff Davis Reservoir. 

The capacity of the Jeff Davis Reservoir is 2,300 AF, which provides nearly 2 years supply at the 

current ADD. At the 2043 ADD, the Jeff Davis Reservoir provides 1.5 years supply. 

 

 

 
1 “Book 6 of Official Records at Page 194”, presumably of the County of Calaveras Recorder. 

2 Water Right Permit for Diversion and Use of Water  No. 16338 
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 Schaads Reservoir 

Schaads Reservoir is not currently connected to either the Jeff Davis Reservoir or the Jeff Davis 

WTP. The District has previously studied the feasibility of piping water from their storage facility 

at Schaads Reservoir, located on the Middle Fork of the Mokelumne River, to Jeff Davis Reservoir. 

These previous studies are listed below: 

• 1988 Middle Fork Ditch Pipeline Feasibility Study (1988, Weber Associates) 

• 2001 Initial Study – Middle Fork Ditch Pipeline and Hydroelectric Power Feasibility Study 

(2001, KASL)  

• 2014 Initial Study Update – Middle Fork Ditch Pipeline and Hydroelectric Power 

Feasibility Study (2015, KASL) 

Currently, water is discharged from Schaads Reservoir through the District’s Schaads 

Hydroelectric Facility into the Middle Fork of the Mokelumne River. 

 1988 Middle Fork Ditch Pipeline Feasibility Study 

This study proposed to install a 16-inch transmission pipeline between Schaads Reservoir and the 

SFPS. The existing SFPS and pipeline would be used to deliver the water to the Jeff Davis 

Reservoir. The cost of this facility was estimated at $2,145,200 (in 1988 dollars). 

 2001 Initial Study 

This study proposed to install a 24-inch transmission pipeline between Schaads Reservoir and the 

SFPS along with a 1 Megawatt hydroelectric facility. The hydroelectric facility is proposed to take 

advantage of the 694 to 720 ft elevation difference between Schaads Reservoir and the South 

Fork Mokelumne River. The cost of these pipeline and hydroelectric facility improvements were 

estimated at $6,925,630 (in 2001 dollars). The potential savings from the hydroelectric facilities 

and reduced pumping at the SFPS were estimated to be $140,000 per year (in 2001 dollars). The 

study did not recommend installation of the proposed equipment until a funding source could be 

identified. 

 2014 Initial Study Update 

This study updates the 2001 study and proposes installing a 30-inch transmission pipeline 

between Schaads Reservoir and the SFPS along with a 1 Megawatt hydroelectric facility. The 

study updated the project hydrology, pipeline alignments, power generating equipment, project 

costs and net annual revenues. Per the study, the project includes the following items: 

• 26,000 feet of 30-inch PVC or HDPE pipe 
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• 3,000 feet of 30-inch ductile iron pipe (where pressure is greater than 150 psi) 

• Hydroelectric facility with 1 megawatt capacity 

• 1.1 miles of easement across 9 different private parcels 

The cost of constructing these pipeline and hydroelectric facility improvements were estimated 

at $10,780,890 (in 2015 dollars) and include a 10% construction contingency. The potential 

savings from the hydroelectric facilities and reduced pumping at the SFPS were estimated to be 

$406,000 per year (in 2015 dollars). The study concluded that the project was economically viable 

if the District could obtain low interest loans (1% for 40 years) and grant funding.  
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 – WATER TREATMENT EVALUATION 

 WTP Capacity 

The rated capacity of the Jeff Davis WTP is 6 MGD and was designed to be expandable to 12 MGD. 

This capacity is compared to the existing and future MDDs to determine if the WTP is sized 

adequately. Note that PHDs are met with distribution system storage tanks, not with the WTP’s 

capacity. 

Table 5-1. Available and Required WTP Capacity 
Available WTP 

Capacity (MGD) 

Demand 

Condition 

Maximum Day Demand WTP Capacity 

Used (gpm) (MGD) 

6  

2023 

(Existing) 
1,730 2.5 42% 

2043 

(future) 
2,111 3.0 50% 

 

 2015 WTP Process Evaluation 

Since the District’s last Water Master Plan, the Jeff Davis WTP and associated facilities were 

evaluated (Mead & Hunt, 2015).Following the recommendations of this evaluation, the District 

has made the following improvements: 

• Installed polymer feed system 

• Filters 

o Replaced all filter media 

o Repaired filter #4 underdrain 

o Repaired Filter #1 surface washer 

• Filter Effluent Valve replaced with a butterfly vale equipped with a 4-20ma actuator to 

control flow 

• Chlorine system was replaced with an onsite generation unit 

• Installed sample pumps to Clearwell Tanks 1 and 2 effluent for water quality monitoring 

when tank levels are low 

• Installed SCADA system to access all WTP controls by remote PLC 

 WTP Direct Filtration Evaluation 

The WTP was assessed to determine the need to update the current direct filtration treatment 

process by looking at the following items:  

• Current State Water Resources Control Board, Division of Drinking Water (DDW) 

regulations for direct filtration facilities 
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• Current WTP Filter Performance   

 Current DDW Regulations  

The DDW regulations relative to direct filtration facilities include the following:   

• Design Standards  

o Provide for future addition of pretreatment facilities  

• Operating Criteria  

o Filtration rates shall not exceed 3 gpm/SF   

o Continuously monitor individual and combined filter effluent turbidities  

The Jeff Davis WTP currently operates within these operating criteria. 

 Current Filter Performance  

DDW uses turbidity as the measure of filter performance under three rules implemented over 

the past 30 years:  

• Surface Water Treatment Rule (SWTR) - requires the turbidity level in 95% of the 

combined filter effluent samples be 0.3 NTU or less  

• Long Term 1 SWTR (LT1SWTR) - requires turbidity level in 95% of the combined filter 

effluent to be 0.1 NTU or less  

• Long Term 2 SWTR (LT2SWTR) - adds provisions for Cryptosporidium testing and removal 

that do not apply to the Jeff Davis WTP because it serves a population less than 10,000 

people  

Per the 2020 Watershed Sanitary Survey for the Upper Mokelumne River (PBI, 2021), 99.6% of 

the time the filter effluent measured less than 0.1 NTU. This performance is significantly greater 

than the filter performance required under the SWTR and LT1SWTR.  

The only risk associated with keeping the direct filtration pressure filters is when the WTP serves 

a population greater than 10,000 people and Cryptosporidium is detected in the raw water at a 

level that would require additional treatment. For reference, the Cryptosporidium levels at the 

Calaveras County Water District’s West Point WTP, which treats water from the same upper 

Mokelumne River watershed as the Jeff Davis WTP, are below the level that requires additional 

treatment. 

 Recommendations  

It is recommended that the existing direct filtration pressure filters be kept and operated as they 

are today for the following reasons:  
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• Direct filtration, while not conventional, is an approved DDW technology  

• The existing pressure filters are being operated to significantly exceed the DDW 

treatment requirements   

• Any option to upgrade the filtration process will require pumping between treatment 

processes 

• Upgrading the plant to conventional treatment will require increased Operator 

Certification Licensing for Chief and Shift Operators which would increase operational 

staffing expenses for the District  

  Regulatory Compliance 

Under the most recent version of the SWTR, the Long-Term 2 Enhanced SWTR, Cryptosporidium, 

Giardia and virus removal credits are a function of the treatment process.  The removal credits 

are divided into two processes:  filtration and disinfection.  Compliance with the Long-Term 2 

Enhanced SWTR is predicated on compliance with combined and individual filter effluent 

turbidity standards and disinfection “CT” requirements.   

Based on the good raw water quality (low turbidity and low total coliform counts), the treatment 

requirements for the Jeff Davis WTP are set at 3-log Giardia removal and 4-log virus removal.  The 

“alternative” filter technology used at the Jeff Davis WTP is granted 2-log removal credits for 

Giardia and 1-log removal credit for viruses.  The remainder of the treatment requirements are 

met through disinfection:  1-log Giardia and 3-log virus removal. Table 5-2 summarizes these 

treatment requirements. 

Table 5-2. WTP SWTR Treatment Requirements and Removal Credits 
Condition Giardia Removal Virus Removal 

Total Treatment Requirements 3-log 4-log 

Granted Filter Removal Credits 2-log 1-log 

Disinfection Removal Requirements 1-log 3-log 

The only potential limitation on the WTP’s capacity is the ability to provide disinfection.  The 

disinfection removal requirements for Giardia and viruses are based on the disinfectant 

concentration (C) and the contact time (T) – or “CT.”  Required CT values are a function of water 

temperature, pH, and disinfectant concentration.  The worst case disinfection requirements 

usually occur during the spring, when water temperatures are low and water demand can be 

high.  CT values for these conditions are about 60 min-mg/L.  Based on a chlorine residual level 

of 1.5 mg/L, the required contact time is 40 minutes. 

At the future MDD of 2,111 gpm (3 mgd), the available contact time is 10 minutes total in each 

clearwell (assuming 7 ft minimum tank level).  In addition, there is contact time in the 3500-feet 

of 27-inch pipeline from the clearwells to the first customer. The contact time available in this 
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pipeline at the future MDD is 49 minutes. The total contact time available (assuming both 

clearwells are in service) at the future MDD is 68 minutes. Therefore, the WTP’s capacity is not 

limited by disinfection at the future MDD.  
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 – HYDRAULIC MODEL DEVELOPMENT 

 Background 

California Rural Water Association (CRWA) developed the InfoWater® version of the District’s 

hydraulic model in 2022. The model was used for the 2022 Distribution System Feasibility Study 

to address distribution system deficiencies faced by the District.  

 Approach 

The approach for updating the hydraulic model included: 

• Updating the distribution network to include replacements/modifications in the system. 

• Incorporating updated demand scenarios for existing and buildout conditions based on 

the updated demand projections. 

• Verifying all control settings in the model with District operations staff. 

• Calibrate the model based on field fire flow tests provided by the District. 

 Topography 

Elevations of the nodes in the hydraulic model were updated based on a Digital Elevation Model 

(DEM) from the United States Geological Survey (USGS) website. Using ArcMap’s “Math” tool, 

the DEM was converted from units of meters to feet. The Elevation Extractor tool within 

InfoWater® was used to automatically assign elevations to new nodes based on the DEM from 

USGS. The elevations on nodes for hydrants and laterals were then cross referenced with Google 

Earth elevations to ensure accuracy. 

 Hydraulic Model Scenario Development 

The existing hydraulic model only included one base scenario for existing conditions. To 

differentiate existing facilities from buildout facilities, a year was assigned to the existing facilities 

in the model. This was done by assigning every existing facility with the year 1975 if a year was 

not already assigned. Buildout facilities were assigned with the year 2023 using the same method 

to allow for different facility selections depending on the scenario. 

 Fire Flow Calibration 

The District provided previously collected field fire flow tests that were used as a basis for model 

calibration. The following sections describe how the field fire flow data was utilized and 

compared to the model. 
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 Adding Existing Facilities 

The existing model did not originally include any of the District’s hydrants or laterals. These 

hydrants were added in the model as nodes using the fire hydrant GIS shapefile provided by the 

District. These newly added nodes were given the same Facility ID as the District’s Hydrant ID.  

Hydrant laterals were drawn in the model to connect the hydrant nodes to the existing pipes. 

These laterals were given 6-inch diameters with roughness values of 140 according to District 

standards. These newly added laterals were given the same Facility ID as the Hydrant ID of the 

connecting node.  

 Prior Field Fire Flow Tests 

KASL Consulting Engineers completed field fire flow tests of 34 hydrants throughout the District’s 

system over three days in February 2021 as part of CRWA’s model calibration effort. Each test 

consisted of a flow hydrant and two static/residual hydrants. The configuration of some of the 

tests provided inconclusive information for calibration use. Fire flow test results were discarded 

if there was no static pressure result recorded for a hydrant or if there was no flow test 

conducted. Fire flow test results were discarded if the hydraulic grade line (HGL) of the two 

static/residual tested hydrants were over 1% difference between each other or if the residual 

pressure drop at the static hydrant did not exceed 25% (per NFPA guidelines). PBI reviewed the 

raw data of the 2021 field fire flow tests and identified locations where supplemental tests should 

be performed by the District. The results from both these field tests can be viewed in Appendix 

A. 

A model fire flow test was conducted on the static/residual test hydrants to compare the model 

results to the various field fire flow tests. These hydrants were assigned a fire flow of 1,500 gpm 

and an available flow pressure of 20 psi. Static pressure results were obtained for the hydrants 

and can be viewed in Appendix D.  

The field fire flow tests were extrapolated to 20 psi to compare to the fire flow results from the 

model. Static pressure and available fire flow results in the model within 10% difference from 

field results were assumed to be accurately reflecting field conditions per AWWA M32. 

 Comparing Static Pressure and Available Fire Flow 

The static pressures from the field tests were also utilized to calibrate the model.  Modeled static 

pressures at the respective fire hydrants were compared to the field tests and results within 10% 

were considered acceptable.   

Investigating the static pressure test results with greater than 10% difference revealed several 

locations where piping and Pressure Reducing Valve (PRV) adjustments could be made in the 

model to better reflect field conditions. The model was calibrated and all static pressures were 

within 10% of those from the field tests. 
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The available fire flow at 20 psi was compared to the field tests. Investigating the available fire 

flow results with greater than 10% difference revealed several pressure zones where c-factors 

could be modified to better reflect field conditions. The model was calibrated, and all available 

fire flow was within 10% of those from the field tests.  

 Adjusting Existing Facilities 

Adjustments to existing PRV settings were made in the model to get the model static pressure 

results within 10% difference from the field static pressure results. These PRV settings are 

summarized in Table 6-1. 

Table 6-1. PRV Setting Calibration 

Valve ID Valve Location 
Original Downstream 

Pressure Setting 

Updated Downstream 

Pressure Setting 

V8080 
Mokelumne Hill 

(MH) Fire PRV 2 
25 psi 40 psi 

V8024 
Golden Strike 

Road PRV 
65 psi 55 psi 

 

In talks with the District, it was determined that the Mokelumne Hill Fire Station PRV in the model 

set to 40 psi sufficiently represents the system conditions based on the static pressure calibration 

performed. 

For zones that were not within 10% of the field fire flow tests, adjustments to c-factors were 

made. The original model designated a global c-factor of 120 for all existing facilities; however, 

much of the District’s distribution system is PVC which typically has a higher c-factor ranging from 

140-150. The adjustments to c-factors in the model are summarized in Table 6-2. The utilized 

field fire flow tests and calibration results are summarized in Appendix A. 

Table 6-2. C-Factor Calibration 
Pressure Zone Name Pipe Material Original C-Factor Updated C-Factor 

Railroad Flat PVC 120 150 

Moke Hill FS CMLS 120 150 

Golden Hills PVC 120 150 

Garamendi PVC 120 140 

Tscornia Field PVC 120 150 

 

It was also discovered that the CRWA model had the dead-end piping along Andreas Vista Drive 

attached to the outlet piping of the San Andreas Tank instead of the inlet piping as shown on the 

District’s Diamond Maps. This resulted in static pressure discrepancies on test hydrant 7H-70. 

The dead-end piping was redrawn in the model to connect with the tank inlet piping and the 

static pressure at the hydrant fell within the 10% difference compared to the field test. 
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 – DISTRIBUTION SYSTEM CRITERIA 

 Evaluation Criteria 

The District’s Improvement Standards for Water Systems (August 2016) established the system 

evaluation criteria presented in Tables 7-1 to 7-6. 

 Flow Requirements 

Table 7-1 presents the flow requirements established in the District’s standards. In addition, the 

2022 California Fire Code (CFC), Section B105, lists the minimum fire flow for single family 

dwellings as 1,000 gpm and the minimum fire flow for buildings other than single family dwellings 

as 1,500 gpm.  

Table 7-1. District’s Flow Definitions 
Flow Type Definition 

Average Daily Demand (ADD) 

(Design Population) * (Average per capita daily 

flow requirement) + (any commercial, industrial, 

school demand) 

Maximum Daily Demand (MDD) (ADD) * 2 

Peak Hour Demand (PHD) (ADD) * 3 

Fire Flow (FF) 

Fire Protection Districts set FF requirements. 

Minimum requirements listed below: 

Single Family/Duplex 

Residential Areas 
500 gpm 

Townhouse/ Multiple 

Residential 
1,000 gpm 

Commercial 
2,500 gpm (or 1,500 gpm 

with sprinklers) 

Industrial To be determined 

 
Table 7-2. California Fire Code Minimum Fire Flows 

Flow Type Minimum Requirement 

Single Family 1,000 gpm 

Buildings other than 

Single Family Dwellings 
1,500 gpm 

 

Since the CFC fire flows exceed the minimum fire flow in the District’s standards, the CFC fire 

flows identified in Table 7-2 will be used as the criteria to evaluate the model results. 

Land uses from the 2019 Calaveras County General Plan were imported into the model by 

downloading land-use shapefiles from the Calaveras County online GIS database. Nodes nearest 
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to the parcels designated as Commercial, Commercial Recreation, Community Center, Historic 

Center, Industrial, Public/Institutional, Residential High Density, and Residential Medium Density 

land uses were assigned a fire flow demand of 1,500 gpm. Nodes nearest to the parcels 

designated as Residential Low Density, Rural Residential, Rural Transition A, and Rural Transition 

B land uses were assigned as fire flow demand of 1,000 gpm. 

The fire flow demands for each node in the hydraulic model are shown in Figure 7-1. 
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 Piping Requirements 

Table 7-3 presents the District’s standard transmission line requirements. 

Table 7-3. District’s Transmission Line Requirements 
Design Component Requirement 

Design Flow Rate Size line to pass the MDD. 

Design Pressure 

Enough to maintain the design flow rate to 

supply water from the source to the storage 

facility. 

The District’s standards also describe distribution line requirements. Table 7-4 presents the 

distribution line requirements for design pressures. For distribution line design flows, lines shall 

be sized for the higher of the two conditions at the design pressures: PHD or FF + MDD. 

Table 7-4. District’s Distribution Line Design Pressure Requirements 
Design Component Requirement 

Minimum Pressure 35 psi at highest point of lot to be served. 

Maximum Pressure 115 psi at lowest point of lot to be served. 

FF + MDF 20 psi 

Table 7-5 presents the District’s allowable distribution pipe velocity ranges for the design flow 

range. Water industry standard criteria for pipe velocity is to maintain a minimum velocity that 

will not generate sedimentation and a maximum velocity that will not erode the pipe walls. The 

California Title 22 Requirements identify 2.5 ft/s as the minimum velocity for pipes and anything 

below this criterion would require a flushing program. Table 7-6 presents the velocity criteria that 

were used for the hydraulic model’s pipe velocity system analysis to evaluate the model results. 

Distribution pipes with velocities below 2.5 ft/s will require a flushing program to remove 

sediment accumulation. Distribution pipes with velocities above 5 ft/s may require replacement 

to meet minimum pressures and fire flows. 

Table 7-5. District’s Allowable Distribution Line Velocity Ranges 
Pipe Size (in) Minimum (ft/s) Maximum (ft/s) 

4” 3.0 12 

6” 2.5 10 

8” 2.5 10 

10” 2.5 8 

Table 7-6. Velocity Criteria 
Velocity Requirement 

Minimum Velocity 2.5 fps 

Maximum Velocity 5 fps 
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Table 7-7 presents the minimum distribution line sizes for different areas in the District’s system. 

Table 7-7. Minimum Distribution Line Sizes 
Area Minimum Pipe Size (in) 

Single Family 

Residential/Duplex 
6” 

Multiple 

Residential/Townhouse 
Looped System: 6” Dead-end System: 8” 

Commercial 8” 

 

 Average Day Demand 

The average day demand scenario was simulated for existing and 2043 systems to evaluate the 

worst case scenario high system pressures and water age. System pressures are the highest 

during low demand periods. 

 Maximum Day Demand 

The maximum day demand scenario was simulated for existing and 2043 systems to evaluate the 

supply facilities, pump station capacities, and distribution system performance. 

 Peak Hour Demand 

Peak hour demand conditions are met by the combined flows from the system’s water 

production facilities and storage reservoirs. A peak hour flow condition was simulated for both 

the existing and 2043 systems to evaluate the distribution facilities’ capabilities and level of 

service provided. The peak hour demand will provide with worst case scenario for low system 

pressure. 

 Maximum Day Demand Plus Fire Flow 

The industry standard is to simulate fire flow during the maximum day demand as a worst case 

scenario. To evaluate the system under a maximum day plus fire flow condition, the “Fireflow” 

analysis option in InfoWater was used which looks at each node in the model individually and 

assesses how much flow is available during a maximum day demand scenario when the node’s 

pressure is set to 20 psi. The purpose of this simulation was to confirm the recommended fire 

flow improvements and verify that the fire flow standards are met in the proposed development 

areas. 

 Treated Water Storage and Pump Capacity Criteria 

According to the District’s standards, system storage capacity shall equal the sum of the fire 

storage reservation (FSR), plus the allowance for system peaking storage (SPS), plus an allowance 
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for emergency storage (ES). The minimum size storage tank should be 250,000 gallons. Table 7-8 

presents the District’s individual component storage requirements. 

Table 7-8. District’s Storage Requirements 
Storage Type Requirement 

Fire Storage Reservation (FSR) 
(FF) * (Fire duration) 

The minimum design fire duration shall be 4 hours 

System Peaking Storage (SPS) 20% of the MDD, assuming 24-hr pumping rate 

Emergency Storage (ES) MDD for 4 hours minimum 

Total Storage Required FSR + SPS + ES 

The following table summarizes all of the criteria used for the system analysis. 

Table 7-9. Distribution System Analysis Criteria 
Criterion Requirement 

Single Family 1,000 gpm 

Buildings other than Single 

Family Dwellings 
1,500 gpm 

Minimum Pressure (PHD) 35 psi 

Maximum Pressure (ADD) 115 psi 

Minimum Velocity (PHD) 2.5 fps 

Maximum Velocity (PHD) 5 fps 
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 – DISTRIBUTION SYSTEM ANALYSIS 

The performance of the existing water system was simulated using the modeling software under 

three scenarios: 

• Average Day Demand (ADD) 

• Maximum Day Demand (MDD) 

• Peak Hour Demand (PHD) 

The modeled results were evaluated against the performance criteria discussed in Chapter 7– 

DISTRIBUTION SYSTEM CRITERIA. Much of the District’s existing distribution system is smaller 

than the minimum size identified in Table 7-5. The 2043 conditions were simulated with revised 

facilities that are sized to meet system criteria and maintain the District’s minimum pipe 

standards. Results of the analysis on the existing and 2043 system are presented in the following 

subsections. 

 System Pressures 

System pressures are highest during the low demand periods represented by the ADD scenario, 

and lowest during the PHD scenario. High and low pressures are discussed below. 

 High Pressure Areas 

High pressure areas exceeding the District standard of 115 psi maximum have been previously 

identified in the prior Master Plan. In many cases these high pressures are used by the Hydros to 

generate electricity. The modeled high-pressure areas of the system for existing and 2043 

conditions are shown in Figure 8-1 and Figure 8-2. The high-pressure areas include the areas 

described below: 

1. At the dead-end pipe along Simpson Road in Rail Road Flat, modeled pressure exceeds 

130 psi. 

2. At the dead-end piping along Independence Road in Glencoe after the Glencoe pump 

station, modeled pressure exceeds 150 psi. 

3. Along the transmission main in Highway 26, prior to the Ponderosa Hydro modeled 

pressure exceed 230 psi. 

4. Along the transmission main in Highway 26, prior to the MCV Hydro modeled pressures 

exceed 200 psi. 

5. At the dead-end piping east of Jojoba Lan, modeled pressure exceeds 140 psi.  
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6. Along the transmission main towards the Mokelumne Hill Tank and prior to Garamendi’s 

Hydro, modeled pressures exceed 150 psi. 

7. Along the transmission main along SW Sport Hill Road, prior to Garamendi’s Hydro 

modeled pressures exceed 250 psi. 

8. Near the intersection of Easy Bird Road and Center Street in Mokelumne Hill, modeled 

pressures exceed 160 psi. 

9. East of the intersection of Highway 49 and Highway 26, modeled pressures exceed 130 

psi. 

10.  At the dead-end of Miwok Trail beyond Victor Court in Mokelumne Hill, modeled 

pressures exceed 125 psi. 

11. Just prior to the closed valve along Main Street in Mokelumne Hill, modeled pressure 

exceed 140 psi. 

12. Along Center Street and Highway 49 in Mokelumne Hill modeled pressures approach 150 

psi at the westernmost end of the pipeline. 

13. Along the pipeline along Highway 26 west of Howard Lane, modeled pressures exceed 

130 psi. 

14. At the end of Lawson Road in Paloma, modeled pressures exceed 120 psi. 

15. At the dead-end pipe along Paloma Road in Paloma, modeled pressures exceed 130 psi. 

16. Along Lombardi Drive, at the Golden Hills Subdivision entrance, and along Hallas Drive, 

modeled pressures approach 180 psi. 

17. Along Highway 49 south of the Garamendi Hydro and onto Gold Strike Road near 

Leanoard Road, modeled pressures exceeded 250 psi. 

18. Along Gold Strike Road north of Cemetery Avenue modeled pressure exceed 150 psi. 

19. Along Lewis Ave south toward Pope Street, pressures exceed 150 psi. 

20. The area encompassed by Toyon Court/Toyon Drive, and Mountain Ranch Road from 

Highway 49 to Park Drive, pressures exceed 130 psi. 

21. The area encompassed by W St Charles Street, Gold Oak Road, and Pool Station Road, 

pressure exceeds 120 psi. 

High pressure areas identified for the existing ADD scenario are tempered by the increase in ADD. 

Overall, the higher pressures drop by a few psi due to increased head losses due to the projected 

increase in ADD by approximately 25% through 2043. System demands are low compared to the 
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fire flow demands, so there are insignificant head losses and an insignificant pressure difference 

between existing and future conditions. 

Some of these high pressures have existed for many years and may pose no problem to the 

integrity of the transmission or distribution systems. The San Andreas Tank elevation requires 

the high pressures in the transmission main to fill the tank. Reducing pressures along the 

transmission route would not allow the storage tanks to fill and is not a feasible solution. High 

pressure areas in low-elevation valleys are expected and can be difficult to mitigate. 

Reducing pressure into the Golden Hills subdivision would reduce the low residual pressure 

(modeled as approximately 6 psi) at the Golden Hills Tank that is already experienced during high 

demand periods. A similar low-pressure condition exists at the southern end of Saddleback Drive 

(approximately 29 psi during high demand). Reductions in the San Andreas Tank Zone pressure 

mains to reduce high pressure areas will result in a further reduction in the Saddleback Drive 

pressure. 

PRVs can be installed in isolated areas that have high pressures to create new pressure zones and 

reduce high pressure levels. Pressure reducing stations that are installed to reduce pressures 

based on existing ADD can be adjusted in the future to increase pressure downstream due to 

head losses because of the increased ADD projected for 2043.  

No improvements are recommended for high pressures in the vicinity of the hydro stations as 

high pressures are not anticipated to pose a problem to the transmission main. The remaining 

high pressure areas that are in isolated locations may be considered for additional PRVs to create 

new pressure zones. 
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 Low Pressure Areas  

Areas of low pressure modeled in the PHD scenario include areas near the water tanks, and at 

higher elevations in the distribution system. The modeled low-pressure areas for existing and 

2043 systems are shown in Figure 8-3 and Figure 8-4. The low-pressure areas include the areas 

described below: 

1. The area on the discharge side of the Rail Road Flat Tank before the Rail Road Flat pump 

station, modeled pressures are less than 10 psi. 

2. The area in the immediate vicinity of the suction side of the Glencoe pump station, model 

pressures are around 10 psi. 

3. At the dead-end piping on Stormy Lane, model pressures are around 20 psi. 

4. The transmission pipeline immediately downstream of the MCV hydro, modeled pressure 

is around 30 psi. 

5. The immediate vicinity of the inlet side of the San Andreas tank, modeled pressures are 

around 20 psi. 

6. The area downstream of the Cemetery/Church Hill PRV #2, modeled pressures are around 

5 psi. 

7. At the dead-end of Saddleback drive, modeled pressures are less than 25 psi. 

The low pressures in the immediate vicinity of storage tanks are generally expected, and 

frequently accepted if there are no customer connections. However, the low inlet side pressure 

of the Golden Hill Tank causes concern, especially if future demands cause a further reduction in 

pressure, causing an inability to fill the tank for the subdivision. The 6 or 7 psi pressure is 

insufficient to fill the tank completely, especially during the hottest times of the year when water 

demand is highest. It is recommended that the Golden Hills tank be abandoned by upsizing the 

2-inch connection to the transmission main at Lombardi Drive to an 8-inch pipe. The 2043 system 

was simulated considering the abandonment of the Golden Hills Tank and feeding the subdivision 

off the adjacent transmission main.  

The preferred solution to low pressures is to upsize the pipe unless the pipeline is located at a 

dead end. Instead, dead-end pipelines could be equipped with hydropneumatics systems if low 

pressures are unacceptable. Customers near the dead-end piping on Stormy Lane and Saddleback 

Drive could be equipped with a customer owned hydropneumatic tank system because 

attempting to increase pressure in the pressure zone would lead to increased pressures in areas 

already experiencing high pressures. 
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Low pressures on the main transmission line between the WTP and the and the Ponderosa 

hydro, the Glencoe pump station area, are difficult to increase without making major 

modifications to the Jeff Davis Clearwells system (e.g., elevating the Clearwells). Individual 

hydropneumatic systems for local customers are appropriate for boosting the pressure off the 

transmission line near the Glencoe pump station. 

The low pressures downstream of the Cemetery/Church Hill PRV #2 can be increased by raising 

the PRV setting from 7 psi to 27 psi to get the low-pressure nodes to a minimum of 20 psi. 

 

 Velocity in District Pipelines at PHD  

Figure 8-5 and Figure 8-6 present the modelling results for pipeline velocities throughout the 

District’s transmission and distribution system for existing and 2043 conditions. 

 Transmission Piping 

All transmission lines in the water system meet the criteria of passing the existing PHD with the 

velocity of the water at 5 ft/s or less for both existing and 2043 conditions. Flow velocity in the 

largest 27-inch diameter transmission lines is around 1.5 foot per second and in the 18-inch 

diameter transmission lines is around 3 feet per second during the existing PHD. The PHD flows 

rarely occur, and rarely require pipeline replacement to stay within a standard velocity. In this 

case, the velocity is less than the standard, so no replacement is recommended due to excessive 

velocity.  

 Distribution Piping 

The only distribution pipelines that exceed the velocity of 5 ft/s during the future PHD in both 

existing and 2043 conditions is the 4-inch suction piping into the Glencoe pump station (15 ft/s), 

the 2-inch piping at the Ponderosa Hydro station that makes up the furthest south-eastern line 

at the hydro station (43 ft/s), and the 12-inch piping at the inlet and outlet of the 10” PRV at the 

Garamendi Hydro 3 station (6 ft/s). The suction piping at the Glencoe pump station is 

recommended to be upsized. No action is recommended at the hydro station locations as higher 

velocities are anticipated. 

With the exception of the transmission mains, a vast majority of the distribution pipelines have 

velocities less than 2.5 ft/s. Therefore, all distribution pipelines are recommended to be placed 

on a flushing program by the District to ensure any sediment that settles under low-velocity 

conditions gets flushed out of the system.  

  



 

Calaveras Public Utility District                                                   
2024 Water Master Plan Update  8-12  

 Fire Flow Analysis 

A fire flow analysis was performed on the hydraulic model, calculating the available fire flow  

during MDD with a minimum residual pressure of 20 psi at the hydrant (node) and a minimum 

pressure of 20 psi anywhere in the system. The fire flow analysis ignored low pressure nodes near 

tanks and at extreme elevations, such as at the southern end of Saddleback Drive in San Andreas.  

Figure 8-7 presents the available fire flow during 2043 MDD on the existing distribution system. 

The modelling results indicate that more than one-third of the nodes cannot serve their assigned 

fire flow demand without reducing pressure at the hydrant node or somewhere else in the 

system below 20 psi. A majority of the fire flow deficiencies are in areas that do not comply with 

the District’s minimum distribution main sizes.  

Increasing the distribution piping can help mitigate the available fire flow through the system. 

Figure 8-9 shows the distribution system with upsized pipelines to comply with the District’s 

minimum distribution main sizes and address existing and future fire flow requirements. Figure 

8-8 shows the updated available fire flow with the proposed piping improvements incorporated.  

Note that the existing pipelines do not require immediate replacement as the system is otherwise 

performing adequately. These pipelines can be upsized to provide the required fire flow with the 

District’s pipeline replacement program over time. Appendix B includes a list of all recommended 

pipeline improvements to address available fire flow. The areas that currently have a majority of 

undersized 4-inch mains are within the San Andreas and San Andreas West pressure zones. 

Therefore, it is recommended that these pressure zones be prioritized over other pressure zone 

for annual pipeline replacement. 
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 Storage Tank Capacity  

The storage tanks were evaluated for capacity in accordance with the District standards 

presented previously. The standards are: 

• Fire Storage Reservation (FSR, gallons): Minimum volume of 4 hours times the largest fire 

flow requirement supplied by the tank. 

• System Peaking Storage (SPS, gallons): 20% of the MDD applied to 24 hours. 

• Emergency Storage (ES, gallons): 4 hours of MDD. 

To calculate volumes for the storage requirements, the hydraulic model was run in the MDD 

scenario, and demands drawn from the storage tank were tabulated, and requirements 

calculated. The storage requirements for each of the tanks in the water system, excluding the 

Clearwells are provided in Table 8-1. The Golden Hills Tank is planned to be abandoned so the 

demand for this zone is accounted for in the calculation for the Mokelumne Hill Tank. 

Table 8-1. Storage Tank Capacity Analysis 

Storage 

Tank Name 

Nominal 

Capacity 

(gallons) 

Existing 

MDD 

(gpm) 

2043 

MDD 

(gpm) 

Highest Fire 

Flow 

Requirement 

in the Tank’s 

Zone (gpm) 

Fire 

Storage 

Reservation 

(gallons) 

System 

Peaking 

Storage 

(gallons) 

Emergency 

Storage 

(gallons) 

Total 

Storage Tank 

Volume 

Requirement 

(gallons) 

Rail Road 

Flat Tank 
500,000 47 58 1,500 360,000 16,704 13,920 390,624 

Mokelumne 

Hill Tank 
1,500,000 401 600 1,500 360,000 172,800 144,000 676,800 

Golden Hills 

Tank1 
40,000 90 N/A 1,000 240,000 N/A N/A N/A 

Paloma 

Tank 
120,000 67 84 1,500 360,000 24,192 20,160 404,352 

San Andreas 

Tank 
2,800,000 972 1,180 1,500 360,000 339,840 283,200 983,040 

Total 4,960,000  2,214,816 
1Golden Hills Tank is planned to be abandoned 

The calculations reveal storage tank volume deficit of 404,352 gallons for the Paloma Tank; 

however, the Mokelumne Hill Tank is upstream of this tank in the distribution system. Therefore, 

the excess storage capacity in the Mokelumne Hill Tank can be allocated towards these storage 

volume deficits, leaving the Mokelumne Hill Tank with a remaining excess of 538,848 gallons. The 

storage capacity analysis for the future MDD demands indicates that storage volume 
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requirements are met per the District standards. In addition, the District also has an additional 

1,000,000 gallons of available upstream storage in the two Jeff Davis WTP Clearwells. 

 Water Age 

Water age is a major factor in water quality deterioration within the distribution system. As water 

ages, there is a greater potential for Disinfection By-Product (DBP) formation. The EPA’s “Effects 

of Water Age on Distribution System Water Quality” cites examples of “short” (less than 3 days) 

and “long” (greater than 3 days) water ages. The water age was evaluated for each storage tank 

during existing ADD conditions and combined for the overall distribution system. To analyze the 

water age, an extended period simulation was run up to 1,400 hours. 

 Rail Road Flat Tank 

Figure 8-10 shows the existing water age at the Rail Road Flat Tank. The water age steadily 

increases over the 1,400 hour simulation. The water age at the end of the simulation is 427 hours, 

or about 18 days. This large water age does not stabilize due to the low water demand in the Rail 

Road Flat area. 

Figure 8-10. Rail Road Flat Tank Existing Water Age 

 

 

 Mokelumne Hill Tank 

Figure 8-11.  shows the existing water age at the Mokelumne Hill Tank. The water age stabilizes 

at a maximum peak of about 110 hours, or about 4.5 days, after 210 hours of simulation.  
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Figure 8-11.  Mokelumne Hill Tank Existing Water Age 

 

 

 Paloma Tank 

Figure 8-12 shows the existing water age at the Paloma Tank. The water age stabilizes at a 

maximum peak of about 180 hours, or about 7.5 days, after 300 hours of simulation.  

 Figure 8-12.  Paloma Tank Existing Water Age 

 

 Golden Hills Tank 

Figure 8-13.  shows the existing water age at the Golden Hills Tank. The water age stabilizes at a 

maximum peak of about 240 hours, or about 10 days, after 700 hours of simulation. However, 

the Golden Hills Tank is planned to be abandoned. 
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Figure 8-13. Golden Hills Tank Existing Water Age 

 

 San Andrea Tank 

Figure 8-14 shows the existing water age at the San Andreas Tank. The water age stabilizes at a 

maximum peak of about 180 hours, or about 7.5 days, after 380 hours of simulation. 

Figure 8-14. San Andreas Tank Existing Water Age 

 

 Jeff Davis Clearwells 

Figure 8-15  shows the existing water age at one of the Jeff Davis Clearwells. The water age 

stabilizes at a maximum peak of about 17 hours, or 0.7 days, after 90 hours of simulation. This 

short water age is due to the Clearwell feeding the entire water system with a high turnover rate. 
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Figure 8-15 . Jeff Davis Clearwell Existing Water Age 

 

 Overall Distribution System 

Figure 8-17 and Figure 8-18 summarize the overall maximum water age from the extended period 

simulation for the District’s distribution system piping. 

As the District’s system serves more people and water demands increase, water age will lessen 

throughout the distribution system. Longer water age can lead to water quality issues such as 

high disinfection byproducts (DBPs) including total trihalomethanes (TTHM) and five haloacetic 

acids (HAA5). Per the District’s recent Consumer Confidence Reports, the maximum TTHM level 

was 56 ug/L (MCL = 80 ug/L) in 2020 and the maximum HAA5 level was 37 ug/L (MCL = 60 ug/L) 

in 2019. Since DBP water quality issues are not a current issue for the District, actions do not 

need to be currently taken to address the long water ages present in the system. It is 

recommended to continue monitoring water quality and DBP levels in the system to ensure the 

long water age does not negatively impact the District’s customers. 

If water quality and DBP formation becomes an issue for the District, it is recommended to 

provide a mixing system in all the storage tanks, except for the Jeff Davis Clearwells, to reduce 

water age, thermal stratification, and the overall temperature in the tanks. Higher water 

temperatures can increase formation of DBPs as the chemical reactions proceed faster at higher 

temperatures. Also, higher water temperatures often cause a higher chlorine demand, requiring 

an increased disinfectant dose and resulting in higher DBP formation potential. 
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 – FACILITY CONDITION ASSESSMENT 

The following sections present a summary of information gathered during site visits to the main 

components of the District’s water system. The sections are organized starting at the top of the 

system through the bottom. 

 South Fork Pump Station 

The South Fork Pump Station is located just past the confluence of the Licking and South Forks of 

the Mokelumne River. This pump station is the intake point of the system and pumps raw water 

to the Jeff Davis Reservoir at the top of the system. Improvements to this facility are a top priority 

for the District. The facility has original infrastructure from 1974, and the pipe conveying water 

to the Jeff Davis Water Treatment Plant is the main concern. This 20” steel pipe climbs 

approximately 700 feet to reach the Jeff Davis Reservoir. Other concerns at the pump station 

intake include debris plugging the intake to the sump and a broken river gate that prevents 

maintenance from occurring. Undercutting of the existing dam is also a concern, however, a 

project for rehabilitation is currently being scoped to mitigate this issue.  

The District has the capacity at the Jeff Davis Reservoir to store about 2 years’ worth of water if 

the pump station is offline due to debris interfering with operation. The two pumps at the pump 

station are both 9 stage, 400 hp, and both pumps and motors were rebuilt in 2019 and 2020. 

Running one pump can yield approximately 1800 gpm while running two pumps can yield 

approximately 2700-2800 gpm depending on the pressure at the Jeff Davis Water Treatment 

Plant. Operators can run these pumps together but prefer to alternate use when possible. The 

pump station is set up with the ability to install two future pump cans approximately 20 feet 

deep. The pump station has a hydropneumatic tank for surge protection, but it is currently 

inoperable. This results in a surge in pressure during pump shut down. The valve at the pump 

station does not seal all the way, resulting in draining of the penstock over time and air buildup 

in the lines during pump start up. The valve cannot be fixed without draining the approximately 

25’ deep sump.  

Electrical components at the pump station are nearing the end of their useful life and should be 

upgraded. Installation of VFDs would eliminate surging on the pipeline at startup and shutdown. 

The pump station has a transformer with PG&E to receive power and the District is charged based 

on the baseline of maximum usage of the pump station. The District’s permit restricts the pump 

station to receiving up to 15 cfs of flow. Enough flow must be maintained in the South Fork 

Mokelumne River to provide the required fish flow. The typical season of operation for the pump 

station is approximately February to June, however the right conditions could allow the station 

to run all year. 
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 Rail Road Flat Pump Station  

The Rail Road Flat Pump Station is located at the WTP. The pump station pulls water from the 

inlet side of the clearwell to fill the Rail Road Flat tank. There are two pumps that are active and 

there is room for an additional pump; the plumbing stubbed out with a blank flange for future 

pump installation. Each pump has a capacity of approximately 250 gpm. The pumps are 5 stage, 

and they operate on a lead/lag system. Overall, this pump station is in good condition.  

 Rail Road Flat Tank 

The Rail Road Flat tank is a welded steel tank built in 2001. Rail Road Flat tank is a baffled 47 ft 

diameter tank with a capacity of 500,000 gal. The tank is 40 ft tall and typically operates between 

34 to 37 ft. The coatings are original and have not been redone since installation. There is a shared 

8” inlet that comes from the Rail Road Flat Pump Station, a 12” outflow pipe that serves the Rail 

Road Flat service area, as well as two manholes for entry. On the interior, there is an overflow 

and floor drain that goes to the surrounding ditch. The Rail Road Flat tank is baffled and able to 

provide CT if needed. 

The field work for this inspection was completed on August 10, 2023, with a tank water level of 

34 ft. The interior inspection was done using special underwater diving equipment and 

techniques. The exterior inspection was done from the ground and from the roof. The exterior 

coating of the tank was determined to be in overall good condition, while the interior is described 

as fair condition. Appendix C presents a copy of this report. 

 Tank Interior 

The coating on the underside of the roof plates was determined to be in overall poor condition 

and worse than the rest of the interior. At locations of dissimilar metal connections, exfoliation 

and dark rust is present. The lining of the shell was found to be in good condition with minor 

areas of dark rust mainly found below the high-water level. The floor is in fair condition with 

rusting located at crevices and some rust nodules. The nodules had corrosion pitting and were 

patched during the inspection by CSI. Figure 9-1and Figure 9-2 present examples of the tanks roof 

and floor condition. 
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Figure 9-1. Rail Road Flat Tank Dissimilar Metal Location Example 

 

 
Figure 9-2. Rail Road Flat Tank Interior Floor Example 

CSI recommends that within the next year, the interior lining should be removed and replaced. 

This work should include the following: 
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1) Cleaning all surfaces in accordance with SSPC’s Surface Preparation Standard No. 10 

“Near-White Metal Blas Cleaning” (SSPC-SP10) followed by three 4 to 6 mil coats of an 

NSF Certified epoxy lining. 

2) Caulk all crevices in the tank such as roof lap seams. 

3) Anticipate the need for structural repairs (welding, grinding, etc.) 

4) Eliminate all dissimilar metal connections within the tank by electrically isolating these 

connections with phenolic washers, nylon inserts, neoprene or Teflon buffers. 

5) Consider retrofitting the tank piping to include flexible couplings and the relocation of 

tank bottom connections to the lower shell. 

 Tank Exterior 

The exterior shell is in excellent condition with minimal chalking, but the roof was found to be in 

poor condition. There is a minor amount of isolated light rust present in areas that have been 

vandalized or mechanically damaged. The total amount of rust was very minimal. 

CSI recommends to continue to perform spot repairs on the paint system at the next 

maintenance interval. 

 Glencoe Pump Station 

The Glencoe Pump Station provides water to the community of Glencoe. It was originally installed 

in the 1970s, and it still operates with the originally installed pumps. There are two 25 

horsepower (hp) pumps that boost water into a 20,000-gal hydropneumatic tank located at the 

pump house. There is no meter onsite, so the exact capacity of the pump station is unknown. The 

site is equipped with a backup generator to keep the pumps running during power outages. There 

is very low pressure just upstream of the pump station (approximately 5-20 psi). The pump 

station has two pumps that operate on a lead/lag setting. There are issues meeting demands and 

keeping up with fire flow due to the 1 ½” bottleneck on both of the pumps. If there is a leak in 

the system or a fire, the pumps with the bottleneck cannot meet the demands. A 27” concrete 

steel mortar lined transmission main feeds the station. Near the station, two 20-foot sections 

have been replaced due to pipe failure. Along with transmission main failures, the 

hydropneumatic tank has also had several welded repairs for leaks. The electrical system at the 

pump station is outdated and will need to be upgraded during future renovations.  

The Glencoe Pump Station requires a significant number of renovations to operate more 

effectively. The District is considering alternatives to mitigate the low pressure and flow issues at 

the site. One alternative is to is to add a new pump station turnout off the transmission main that 

is designed to handle likely fire flows. In addition to pump station improvements, the entire site 

should have meters and SCADA added to provide monitoring and control for the system.  
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 Ponderosa Hydro #1 

The Ponderosa Hydro Station #1 was installed in the mid 1980’s and was originally a PRV station 

that was later retrofitted with a turbine. The hydro station’s turbine runs at 1,500 gpm and only 

runs when the Main Control Valve Hydro #2 is filling the Mokelumne Hill tank. When the tank is 

not filling, the 2” PRV feeds the system. The station is equipped with a 6” PRV that operates when 

the turbine is inoperable. The hydro generates approximately 70 kW when running. The hydro 

station has a removable steel roof, and the ceiling support structures are failing. There are no 

isolation valves at the hydro station to maintain the system. The station needs electrical 

upgrades. 

 Main Control Valve Hydro #2 

The Main Control Valve (MCV) Hydro #2 was installed in the mid 1980’s and was originally a PRV 

station that was later retrofitted with a turbine. The hydro station’s turbine runs at 1,500 gpm 

and only runs when the Mokelumne Hill tank is filling. The station is equipped with a 6” PRV that 

operates when the turbine is inoperable. The hydro generates approximately 68 kW when 

running. The hydro station has a removeable steel roof, and the ceiling support structures are 

failing. There are no isolation valves at the hydro station to maintain the system. 

 Mokelumne Hill Tank 

The Mokelumne Hill tank is an 80 ft diameter tank with a capacity of 1.5 MG that was installed in 

the 1980’s. The tank is 40 ft tall, and it typically operates from 30 ft to 40 ft. The tank has an 

inlet/outlet pipe that is located 18 ft above ground. If the level in the tank drops below 18 ft, 

customers between the MCV Hydro #2 station and the Mokelumne Hill Tank will lose water and 

pressure. There is also an additional 14” outflow pipe at the bottom of the tank that provides 

water to the Mokelumne Hill service area as well as the Paloma Tank. The tank’s overflow 

daylights at the bottom of the hill access road.  

Similar to the San Andreas tank, there are multiple updates needed to bring the tank to current 

requirements. The tank will need exterior and interior recoating to prevent further corrosion. 

The ladder system will need to be updated since it does not meet current OSHA standards. 

Additionally, solar backup power should be installed to keep the level transducer and future 

SCADA operating during power outages.  

The field work for this inspection was completed on August 9, 2023, with a tank water level of 21 

ft. The interior inspection was done using special underwater diving equipment and techniques. 

The exterior inspection was done from the ground and from the roof. The exterior coating of the 

tank was determined to be in overall fair condition, while the interior is described as poor 

condition. Appendix C presents a copy of this report. 
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 Tank Interior 

The coating on the underside of the roof plates and roof support structure are in poor condition 

with corrosion common to the edges of the support member flanges and roof plates. Throughout 

the tank there is spot peeling and cracking present. The interior shell has areas of dark rust, 

especially below the high-water line. The amount of corrosion on the shell was found to be 

excessive but covers approximately less than 1 percent of the total surface. The floor was also 

determined to be in poor condition with some pitting that was patched during the inspection. 

Figure 9-3 and Figure 9-4 present examples of the condition of the interior roof and floor. 

 
Figure 9-3. Example of Interior Mokelumne Hill Tank Roof 
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Figure 9-4. Example of Interior Mokelumne Hill Tank Floor 

 
CSI recommends that within the next 2 to 3 years, remove and replace the interior lining. This 

work should include the following: 

1) Remove and replace the ling system at all interior surfaces. This work should include 

cleaning all surfaces in accordance with SSPC’s Surface Preparation Standard No. 10 

“Near-White Metal Blas Cleaning” (SSPC-SP10) followed by three 4 to 6 mil coats of an 

NSF Certified epoxy lining. 

2) Caulk all crevices in the tank such as roof lap seams.  

3) Anticipate the need for minor structural repairs (welding, grinding, etc.) 

4) Consider retrofitting the tank piping to include flexible couplings and the relocation of 

tank bottom connections to the lower shell. 

 Tank Exterior 

The exterior roof is highly weathered and was determined to be in overall poor condition. The 

exterior shell is in fair condition. There is moderate chalking present on the entire tank as well as 

dark rust in areas that have been mechanically damaged from operations or vandalism. Figure 

9-5 and Figure 9-6 show examples of the condition of the tanks exterior roof and the thickness 

of the paint on the tank’s shell. 
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Figure 9-5. Example of Mokelumne Hill Tank Roof 

 

 
Figure 9-6. Example of Mokelumne Hill Tank Shell Paint 

 

CSI recommends that within the 4 to 6 years, spot repair and overcoat the exterior coating. This 

work should include the following: 

1) This work should include cleaning all surfaces in accordance with SSPC’s Surface 

Preparation Standard No. 15, “Commercial Power Tool Cleaning” followed by 4-6 mils of 

an industrial epoxy primer and 3-5 mils of a polyurethane finish coat. 
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2) Test the paint system for heavy metals to determine if any special actions are required to 

protect workers and the environment during paint disturbance. 

 Paloma Tank 

The Paloma tank is 30 ft diameter tank that has a capacity of 120,000 gal and was built in the 

1980’s. The tank is 24 ft tall with a 6” inlet and an 8” outlet. The tank is fed from Mokelumne Hill 

Tank and typically operates from 20 ft to 22 ft. There is a 2” bypass Cla-Val outside the tank. The 

main from Mokelumne Hill Tank often has problems that require consistent maintenance.  

The Paloma tank will need to be upgraded or replaced in the near future. The tank will need to 

be evaluated to account for future growth. The District is considering connecting the tank to 

SCADA to allow for additional monitoring of the system and tank level.   

The field work for this inspection was completed on August 9, 2023, with a tank water level of 21 

ft. The interior inspection was done using special underwater diving equipment and techniques. 

The exterior inspection was done from the ground and from the roof. The exterior coating of the 

tank was determined to be in overall fair condition, while the interior is described as poor 

condition. Appendix C presents a copy of this report. 

 Tank Interior 

Spot peeling, cracking, exfoliation, and structural loss were observed throughout the entirety of 

the tank’s interior. Spot checking revealed the lining on the shell to be in overall poor condition 

with areas of dark rust, mainly below the high-water level. Spot checking on the tank floor 

revealed the floor to be in poor condition with small, medium-dense blisters. Figure 9-7 and 

Figure 9-8 show examples of the existing conditions of the tank’s interior. 
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Figure 9-7. Example of Paloma Tank Interior Roof 

 

 
Figure 9-8. Example of Paloma Tank Interior Floor and Shell 

 

CSI recommends the interior lining of the tank to be removed and replaced withing the 1 to 2 

years. This work should include the following: 

1) Remove and replace the lining system at all interior surfaces. This work should include 

cleaning all surfaces in accordance with SSPC’s Surface Preparation Standard No. 10 

“Near-White Metal Blast Cleaning” (SSPC-SP10) followed by three 4 to 6 mil coats of an 

NSF Certifies epoxy lining.  
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2) Caulk all crevices in the tank such as roof lap seams.  

3) Anticipate the need for minor structural repairs (welding, grinding, etc.) 

4) Consider retrofitting the tank piping to include flexible couplings and the relocation of 

tank bottom connections to the lower shell. 

 Tank Exterior 

The exterior roof is highly weathered and was determined to be in overall poor condition. The 

exterior shell is in fair condition. There is moderate chalking present on the entire tank as well as 

dark rust in areas that have been mechanically damaged from operations or vandalism. Figure 

9-9 and Figure 9-10 show examples of the exterior tank’s existing conditions. 

 
Figure 9-9. Example of Exterior Paloma Tank Roof 
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Figure 9-10. Example of Exterior Paloma Tank Shell 

 

CSI recommends that within the next 4 to 6 years, spot repair and overcoat the exterior coating. 

This work should include the following: 

1) This work should include cleaning all active rust sites in accordance with SSPC’s Surface 

Preparation Standard No. 15, “Commercial Power Tool Cleaning” followed by 4-6 mils of 

an industrial epoxy primer and 3-5 mils of a polyurethane finish coat. 

2) Test the paint system for heavy metals to determine if any special actions are required to 

protect workers and the environment during paint disturbance. 

 Garamendi Hydro Station #3 

The Garamendi hydro station #3 was installed in the mid 1980’s and was originally a PRV station 

that was later retrofitted with a turbine. The hydro station’s turbine runs at 1,500 gpm and only 

runs when the San Andreas tank is filling. When the tank is not filling, the PRV feeds the system. 

The hydro generates approximately 68 kW when running. The hydro station has a removeable 

steel roof, and the ceiling support structures are failing. There are no isolation valves at the hydro 

station to maintain the system. The station is in need of electrical upgrades. 

 Golden Hills Tank 

The Golden Hills tank serves the nearby neighborhood that consists of two pressure zones. The 

tank has a storage capacity of approximately 40,000 gal, a diameter of 20 ft, and a height of 16 ft 
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and was built in the 1970’s. The tank is fed off the low-pressure system by a 6” inflow/outflow 

pipe. The tank resides on a gravel bed foundation, and it typically operates between the levels of 

10 ft and 14ft. There are issues filling the tank when Hydro #3 outlet pressure is less than 90 psi. 

The Garamendi PRV that is upstream needs over 90 psi to open the 2” valve that feeds the tank. 

During high demands, typically in the summer, the pressure drops below 90 psi. The valve can be 

opened manually but the pressure is not high enough to fill the tank.  

The Golden Hills tank is currently planned to be abandoned as it is not required for optimal 

operations. It is possible to pressurize the system from the transmission main of the adjacent 

higher-pressure zone, which would allow the tank to be decommissioned. The 2-inch fill line 

would need to be upsized to meet fire flow demands.  

The field work for this inspection was completed on August 10, 2023, with a tank water level of 

8 ft. The interior inspection was done using special underwater diving equipment and techniques. 

The exterior inspection was done from the ground and from the roof. The exterior coating of the 

tank was determined to be in overall fair condition, while the interior is described as poor 

condition. Appendix C presents a copy of this report. 

 Tank Interior 

Spot peeling and cracking was observed throughout the roof of the tank, leading to lamellar or 

exfoliation corrosion and structural loss. The roof corrosion was common to the edges of the 

support member flanges and roof plates. While spot checking the shell of the tank, areas were 

found with dark rust, primarily below the high-water line. The coal tar epoxy system on the floor 

of the tank was found to be in poor condition, with fields of small, medium-dense blisters, and 

pitting. Figure 9-11 and Figure 9-12 show examples of the existing conditions of the tank’s 

interior. 
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Figure 9-11. Example of Golden Hills Tank Interior Roof 

 

 
Figure 9-12. Example of Golden Hills Tank Interior Floor 

 

CSI recommends to remove and replace the interior lining as soon as possible. This work should 

include the following: 

1) Remove and replace the lining system at all interior surfaces. This work should include 

cleaning all surfaces in accordance with SSPC’s Surface Preparation Standard No. 10 “Near-
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White Metal Blast Cleaning” (SSPC-SP10 followed by three 4 to 6 mil coats of an NSF Certified 

epoxy lining. 

2) Caulk all crevices in the tank such as roof lap seams. 

3) Anticipate the need for structural repairs (welding, grinding, etc.) 

4) Consider retrofitting the tank piping to include flexible couplings and the relocation of tank 

bottom connections to the lower shell. 

 Tank Exterior 

CSI recommends that within the next 4 to 6 years, the exterior coating should be spot repaired 

and receive a new overcoat. This work should include the following: 

1) Cleaning all surfaces in accordance with SSPC’s Surfaces in accordance with SSPC’s Surface 

Preparation Standard No. 15, “Commercial Power Tool Cleaning” followed by 4-6 mils of 

an industrial epoxy primer and 3-5 mils of a polyurethane finish coat. 

2) Test the paint system for heavy metals to determine if any special actions are required to 

protect workers and the environment during paint disturbance. 

 San Andreas Tank 

The largest tank in the system is the San Andreas tank with a storage capacity of 2.8 MG and was 

built in 1972. The diameter of the tank is 110 ft, the height is 43 ft, and the typical operating 

range is from 30 ft to 40 ft. The overflow is interior and drains to the outside of the nearby hill; it 

will need to be redesigned to incorporate an airgap and screen to meet state requirements. There 

is an 18” inflow pipe that has an 8” Cla-Val valve that maintains the level in the tank. The valve 

opens at a predetermined time and/or level and closes at a predetermined level. The valve is 

permitted to only open partially to allow Mokelumne Hill tank to be filled as well. There is a 

manual bypass next to the control valve that stays closed; it is only opened during power outages 

or emergencies. The bypass has bleeding issues that cause problems when not running on 

hydropower. The tank has an 18” outflow pipe that feeds San Andreas area. 

During the last inspections and tank cleaning, elastomeric type material was found within the 

tank, presumably lining of the transmission main. The tank still has the original coatings from 

installation and will need to be recoated in the near future. The ladder system will need to be 

updated as it does not meet OSHA standards. Additionally, there is no backup power. A new 

electrical service should be installed to incorporate solar backup power.  

The field work for this inspection was completed on August 8, 2023, with a tank water level of 21 

ft. The interior inspection was done using special underwater diving equipment and techniques. 

The exterior inspection was done from the ground and from the roof. The exterior coating of the 

tank was determined to be in overall poor condition with widespread and extensive corrosion, 
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while the interior lining of the tank was determined to be an overall unsatisfactory condition with 

widespread rust. Appendix C presents a copy of this report. 

 Tank Interior  

Spot peeling and cracking was observed throughout the roof of the tank and the coating on the 

underside of the roof plates and roof support structure were found to be in poor condition with 

advanced corrosion. While spot checking the shell of the tank, areas were found with dark rust, 

primarily below the high-water level. Minor pitting and fields of intact and broken, medium dense 

blisters were also observed throughout the shell of the tank. The lining system on the floor was 

found to be in poor condition, with fields of small, medium-dense blisters and some pitting of the 

floor plate. Figure 9-13 and Figure 9-14 show examples of the existing conditions of the tank’s 

interior.  

 

Figure 9-13. Example of San Andreas Tank Interior Roof 
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Figure 9-14. Example of San Andreas Tank Interior Floor 
 

CSI recommends removing and replacing the interior lining as soon as possible. This work should 

include the following:  

1) Remove and replace the lining system at all interior surfaces. This work should include 

cleaning all surfaces in accordance with SSPC’s Surface Preparation Standard No. 10 “Near-

White Metal Blast Cleaning” (SSPC-SP10 followed by three 4 to 6 mil coats of an NSF Certified 

epoxy lining. 

2) Caulk all crevices in the tank such as roof lap seams. 

3) Anticipate the need for structural repairs (welding, grinding, patch plating and steel member 

replacement) 

4) Consider retrofitting the tank piping to include flexible couplings and the relocation of tank 

bottom connections to the lower shell. 

 

 Tank Exterior 

The exterior of the tank was visually examined primarily on the low areas, the upper shell areas 

adjacent to the ladder, and the roof. The roof was found to be heavily weathered and the exterior 

paint is in poor condition. Dark rust was found in the areas that had been damaged from 
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operations or vandalism and areas where the paint is peeling. Figure 9-15 and Figure 9-16 show 

examples of the existing conditions of the exterior of the tank.  

 
Figure 9-15. Example of San Andreas Tank Exterior Roof 

 

 
Figure 9-16. Example of San Andreas Tank Exterior Shell 
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CSI recommends that within the next 3 to 5 years, the exterior coating be spot repaired and 

receive a new overcoat. This work should include the following: 

1) Spot power tool clean all active rust sites in accordance with SSPC’s Surface Preparation 

Standard No. 15, “Commercial Power Tool Cleaning” followed by 4-6 mils of an industrial 

epoxy primer and 3-5 mils of a polyurethane finish coat. 

2) Test the paint system for heavy metals to determine if any special actions are required to 

protect workers and the environment during paint disturbance. 

 Jeff Davis Clearwell  

The Clearwell is a welded steel on grade structure built in 1972. The Clearwell is approximately 

70 feet in diameter by 16 feet high providing a nominal capacity of 500,000 gallons and is located 

at the Jeff Davis WTP. It is believed that both the interior and exterior linings are the original 

coatings applied. The interior steel exposed surfaces, including the roof and roof support 

members are coated with a coal tar epoxy system while the tank shell, floor, and appurtenances 

are coated with an epoxy lining. The exterior roof, shell, and appurtenances are painted with 

what appears to be an alkyd system. 

The field work for this inspection was completed on May 11, 2023 with a Clearwell water level of 

14 ft. The interior inspection was done using special underwater diving equipment and 

techniques. The exterior inspection was done from the ground and from the roof. The 51-year 

old coating systems on the tank are in overall poor condition with widespread and pervasive 

corrosion. Appendix B presents a copy of this report. 

 Tank Interior 

The lining in the tank is in an overall unsatisfactory condition with widespread rust and blistering. 

The majority of the corrosion is in the upper part of the tank and includes structural loss.  The 

most advanced corrosion spots below the current water level were patched during this 

inspection using NSF certified underwater curing epoxy. Figure 9-17, Figure 9-18, and Figure 9-19 

present examples of the Clearwell’s interior corrosion on the floor, roof and roof supports. 



 

Calaveras Public Utility District                                                   
2024 Water Master Plan Update  9-20  

 
Figure 9-17. Clearwell Interior Corrosion Example (Floor) 

 

 

 
Figure 9-18. Clearwell Interior Corrosion Example (Roof) 
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Figure 9-19. Clearwell Interior Corrosion Example (Roof Support) 

 

The existing lining conditions dictate that the existing interior lining system should be removed 

and replaced within the next year to prevent further metal loss. This work should include the 

following:  

1) Remove and replace the lining system at all interior surfaces. This work should include 

cleaning all surfaces in accordance with SSPC's Surface Preparation Standard No. 10 "Near-

White Metal Blast Cleaning" (SSPC-SP10) followed by three 4 to 6 mil coats of an NSF 

Certified epoxy lining.  

2) Caulk all crevices in the tank such as roof lap seams.  

3) Anticipate the need for structural repairs (welding, grinding, etc.). 

4)  Consider retrofitting the tank piping to include flexible couplings and the relocation of tank 

bottom connections to the lower shell.  

 Tank Exterior 

The exterior paint system is severely weathered and has poor adhesion. The exterior paint is 

believed to be the original system applied and very likely has high concentrations of heavy metals 

(e.g. lead, chromium, etc.) that will require special precautions to protect the workers and 

environment when it is disturbed. Figure 9-20 and Figure 9-21 show examples of the existing 

conditions of the exterior of the tank. 
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Figure 9-20. Clearwell Exterior Corrosion Example (Roof) 
 

 
Figure 9-21. Clearwell Exterior Corrosion Example (Sidewall) 
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The existing lining conditions dictate that the existing exterior paint system should be removed 

and replaced within the next year to prevent further metal loss. This work should include the 

following:  

1) Remove and replace the exterior paint system. This work should include cleaning all surfaces 

in accordance with SSPC’s Surface Preparation Standard No. 6, “Commercial Blast Cleaning” 

(SSPC SP-6) followed by 4-6 mils of an industrial epoxy primer and 3-5 mils of a polyurethane 

finish coat.  

2) Test the paint system for heavy metals to determine if any special actions are required to 

protect workers and the environment during paint disturbance.   

3) To accommodate construction activities, the existing Clearwell tank will need to be taken 

offline. The Jeff Davis WTP will need to operate using only the recently installed twin 

Clearwell Tank during this time.  
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 – RECOMMENDED CAPITAL IMPROVEMENT PROJECTS 

The recommended projects are divided into the following two categories: 

• High priority Projects 

• Annual Infrastructure Programs 

The proposed implementation schedule, based on the project priority, and estimated costs of 

the projects are presented in Chapter 11. 

 High Priority 

The high priority improvements are improvements correlated to system reliability and safety of 

the water system. These projects include: 

• South Fork Pump Station –  

o Repair undercutting of the dam 

o Replace 20” pipeline to Jeff Davis Reservoir 

o Repair broken river gate and add a catwalk 

o Address intake plugging and a safe mechanism to raise and lower the intake pump 

station gates 

o Replace soft starters with VFDs and remove hydropneumatic tank 

o Repair valve in sump 

o Add flow new meter 

o Upgrade electrical and add SCADA controls for remote operation 

• Glencoe Pump Station – renovate pump station to improve operability, address fire flows, 

and provide meters and SCADA for monitoring 

• Ponderosa Hydro #1 – Provide isolation valves for station, structural upgrades, and 

upgrade electrical equipment and add SCADA 

• Main Control Valve Hydro #2 – Provide isolation valves for station and structural 

upgrades, and add SCADA 

• Mokelumne Hill Tank – Recoat tank interior and exterior, upgrade ladder for OSHA, add 

meters, and provide backup power 

• Paloma Tank – Replace or upgrade tank and provide SCADA and add meter 
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• Garamendi Hydro #3 – Provide isolation valves for station, structural upgrades and 

upgrade electrical equipment, and add SCADA 

• Golden Hills Tank – Upsize the piping in the road in order to allow the Golden Hills tank 

to be abandoned.  

• San Andreas Tank – Recoat tank interior and exterior, upgrade ladder for OSHA, modify 

overflow to provide airgap, provide meters and SCADA for monitoring and provide backup 

power 

• Jeff Davis WTP – Replace piping in building and add backwash reclaim system 

• Jeff Davis Clearwell #1 – Recoat tank interior and exterior including structural repairs, and 

add baffling to match the new tank 

 Annual Infrastructure Programs 

An annual repair and replacement of distribution pipelines in the system is included, intending 

to cover costs associated with newly leaking pipes that require regular replacement. Much of the 

District’s system was installed in the 1970’s; however, only approximately 5% of the District’s 

piping has a known vintage. It is assumed that approximately 50% of the existing piping is past its 

useful life. Therefore, all pipes will be at the end of their useful life within the next 50 years and 

will need replacement. It is recommended to replace 2% of the distribution system piping per 

year. High priority distribution projects per the 2022 Distribution Feasibility Study include (in 

order of priority): 

• Priority 1: 

o Replace undersized distribution mains in San Andrea Pressure Zone 

o Replace undersized distribution mains in Mokelumne Hill Pressure Zone 

• Priority 2: 

o Glencoe Pressure Zone Fire Flow Improvements 

o Golden Hills Pressure Zone Fire Flow Improvements 

• Priority 3: 

o Redundant transmission main between Mokelumne Hill and Golden Hills 

o Redundant transmission main between Golden Hills and San Andreas 

o Transmission Main Replacement between Mokelumne Hill and Paloma 

To determine the construction budget for replacing the existing system piping over the next 50 

years, the current value of all the pipe in the system was estimated. Table 10-1 presents the total 

value of the transmission and distribution system piping in $2024 along with the annual 2% 

construction cost. 
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Table 10-1. Annual Construction Cost for 2% Replacement of Existing System Piping 
New Pipe 

Diameter  

(in) 

Planning Level 

Construction Cost  

($2024/LF) 

Existing System 

Pipe Length 

(LF) 

Total Cost to Replace 

Existing System 

($2024) 

2% Annual Cost 

of Construction 

($2024/yr)  

6  $195.00   65,252 $ 12,700,000 $    254,000 

8  $216.00   98,415  $ 21,300,000 $    425,000 

10 and 12  $245.00   120,875  $ 29,600,000 $    592,000 

18 to 27  $360.00   112,422  $ 40,500,000 $    809,000 

Total $ 104,100,000 $ 2,080,000 
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 – RECOMMENDED CAPITAL IMPROVEMENT PROGRAM 

Recommendations for a capital improvement program (CIP) were developed based on the 

assessment of the District’s water system that was described in Chapter 9 and summarized in 

Chapter 10. The following section presents the estimated costs and a prioritized implementation 

schedule for the recommended improvements. 

 Approach 

Planning level cost estimates were made for each of the recommended capital improvements.  

The following contingencies and allowances were added to the base construction cost: 

• 20% Estimating Contingency 

• 7.5% Allowance for Engineering/Design Cost 

• 7.5% Allowance for Construction Management 

• 5% Allowance for Bonds/Insurance/Mobilization 

The recommended projects, estimated costs, and proposed schedule were developed through a 

planning-level of analysis that was appropriate for the 2024 Master Plan and should be re-

evaluated in further detail prior to implementation. 

 Implementation Schedule 

The fire flow improvement projects are considered high priority projects that should be 

completed as soon as possible to improve fire flow delivery capabilities. 

For the 2% Annual Pipeline Replacement, the priorities for construction are presented in Section 

10.2.  

Once these high priority projects are complete, the District can incrementally resolve the low 

domestic service pressure issues and replace aging infrastructure.  

 Recommended Capital Improvement Program (CIP) 

Table 11-1 presents the recommended CIP for the District’s water system. There first five years 

(2025 through 2029) are provided in detail. For years 2030 through 2044 the CIP is provided in 

general 5 year increments. 
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Appendix A 

Field Fire Flow Tests and Calibration Results 
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Appendix B 

List of Proposed Distribution Pipe Improvements 

by Zone 
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Appendix C 

Storage Tank Inspections 

(CSI Services, 2023) 
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Appendix D 

Available Fire Flow Results 


