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Section 1 
Introduction 

1.1 BACKGROUND 

The Foresthill Public Utility District currently serves approximately 2,200 customers with treated 
water, of which approximately 2,100 are residential customers and about 90 are commercial 
customers.  The District's service area comprises the unincorporated community of Foresthill, 
California, the primary commercial areas serving that community as well as a sizable residential 
development known as Todd Valley.  The Foresthill area is located on the ridge between the 
North and Middle forks of the American River commonly referred to as the Foresthill Divide. 

The District currently incorporates an area of approximately 13,000 acres and contains primarily 
residential development. The District has a population of approximately 5,200. 

The primary purpose of this Master Plan is to develop an improvement plan consisting of water 
supply, transmission/distribution pipelines, and storage and facilities to provide domestic water 
service for future growth. 

The projected growth and land uses used to determine the magnitude and location of future water 
demands within the District’s service area are based on Placer County’s 1981 Foresthill General 
Plan and Environmental Impact Report (the 1981 Plan).  The Placer County Community 
Development Resource Agency (CDRA) is in the process of updating the 1981 Plan, which could 
affect the water demand projections. 

1.2 SCOPE 

The scope of this work consists of the following major elements: 

� Review existing reports, drawings, land use and zoning maps, and other relevant 
drawings. 

� Evaluate existing facilities and operational data. 

� Project future water demands based on historical water use data and approved land uses 
as defined in the 1981 General Plan. 

� Estimate the reliable yield from the Sugar Pine Reservoir Project, which consists of an 
update and confirmation to previous work included in the 1992 Water System Master 
Plan (Giberson & Associates). 

� Identify water infrastructure needs to meet future water demands and correct existing 
deficiencies in the system. 
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� Provided descriptions of improvements including capital costs for the improvements. 

� Recommend a suggested procedure for calculating the water connection charge for 
master planned facilities 

� Develop a logical expansion plan that can be phased. 

1.3 ACKNOWLEDGMENTS 

The cooperation, input and support received from District staff was appreciated and provided 
valuable insight to the current system.  We would like to specifically thank and acknowledge 
Kurt Reed and his staff that provided input and information, including Pat Pappas, and Chad 
Odell. 
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SECTION 2 
Executive Summary 

This Master Plan has been prepared on behalf of the Foresthill Public Utility District (District).  
The primary purpose the Master Plan is to develop an improvement plan consisting of water 
supply, transmission/distribution pipelines, storage and pumping facilities to provide domestic 
water service throughout the District’s service area. 

The scope of this work consists of the following major elements: 

� Review existing reports, drawings, land use and zoning maps, and other relevant 
drawings. 

� Evaluate existing facilities and operational data. 

� Project future water demands based on historical water use data and approved land uses as 
defined in the Placer County’s 1981 Foresthill General Plan and Environmental Impact 
Report (General Plan). 

� Estimate the reliable yield from the Sugar Pine Reservoir Project, which consists of an 
update and confirmation to previous work included in the 1992 Water System Master 
Plan (Giberson & Associates). 

� Identify water infrastructure needs to meet future water demands and correct existing 
deficiencies in the system. 

� Provide descriptions of improvements including capital costs for the improvements. 

� Recommend a suggested procedure for calculating the water connection charge for 
master planned facilities 

� Develop a logical expansion plan that can be phased. 

A summary of the Water System Master Plan including results and recommendations is included 
in this section. 

2.1 LAND USE AND WATER DEMANDS 

Land uses and water demands within the District water service boundary were developed.  Water 
demand projections are based on historical water use data and projected build-out within the 
current District boundary using approved land uses as defined by the existing General Plan.  
Existing land uses are summarized in Table 2-1. 
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Table 2-1 
Existing Land Use[a] 

Land Use 
Total Acres 
Within the 

District 
Boundary 

Estimated Developed 
Acreage Within 

District Boundary[b] 

Estimated Vacant 
Acreage Within 

District Boundary 

Forest Residential 4.6 - 20 Ac. Min. 1,121 418 703 

Forestry 20 - 160 Ac. Min. 3,322 1,101 2,221 

Commercial 79 42 37 

Industrial 305 167 138 

Rural Estate 2.3 - 4.6 Ac. Min. 5,234 2,671 2,563 

Public Facilities 26 10 16 

Low Density Residential 2 - 4 DU./Ac. 99 77 22 

Medium Density Residential 4 - 10 DU./Ac. 170 140 30 

Rural Residential 1 - 2.3 Ac. Min 2,844 2,286 558 

Water Influence[c] 123 91 32 

Total 13,323 7,003 6,320 

[a] Source: Placer County Community Development Agency.  All acreages shown are approximate and are within the 
current District boundary. 

[b] Estimated acreage based on County tax role data. 
[c] Water influence is a land use found in the 1981 Foresthill Community Plan and defined in the Placer County 

General Plan as a land use designation which identifies significant lakes, reservoirs, and other bodies of water.  
Areas potentially impacted by inundation zone of the proposed Auburn Dam were included in this land use 
description. 

 
Future growth within the District’s service area boundary is estimated based on the land 
designations in the General Plan and information provided by the Placer County Community 
Development Resource Agency (CDRA).  The Placer County CDRA is updating the Foresthill 
Divide Community Plan and has prepared and circulated a draft for review and comment.  It is 
not certain when the final plan will be adopted, partially due to differing opinions and interests 
regarding land uses in the Foresthill area. 

A projection of potential development through build-out of property within the existing District 
service area using the current land use designations was made.  Two estimates were made: 

� Unconstrained – Assumption that all lands within the District will develop based on 
current land use designations.  

� Constrained – Assumption that certain lands within the District will not develop due to 
geographic conditions and/or or County policies similar to those used by the CDRA 
during development of the Community Plan update, but applied to existing lands within 
the District. 

Table 2-2 includes a summary of the total acreage that could be developed for various land use 
categories for the constrained and unconstrained conditions.  The estimated area currently 
developed as of 2006 is also included based on County Assessor tax data.   
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Table 2-2 
Community Development within Foresthill PUD Service Area, 2006  

and Build-out, Acres[a] 

Year Residential Commercial[c] Industrial 

2006 [b] 6,785 52 167 

Build-out – Unconstrained 12,869 105 305 

Build-out – Constrained 11,250 94 291 

[a] The acreages presented here are approximate and include areas designated (planned or existing) for right-of-
way, easements, etc. 

[b] Source: Placer County Assessor’s Office.   
[c] Includes area designated as Public Facilities in Table 3-1. 

 
Table 2-3 includes an estimation of the number of potential units (as services) for residential, 
commercial and industrial service based on the constrained and unconstrained condition. 

Table 2-3 
Estimated Units – Current and Build-Out[a] 

Total Units at Build-out 
District Meter Category Current Units[b] 

Unconstrained Constrained 

Residential, services 1,781 5,500 4,500 

Multi-family Residential, services 330 2,400 [c] 500 [d] 

Commercial, services 87 190 [e] 170 [e] 

Industrial, services 1 280 [f] 250 [f] 

[a] Represents the potential number of units that could be added through build-out as equivalent dwelling units 
(EDUs).  EDU represents the equivalent of one single family residence.  Residential units in build-out projections 
rounded to the nearest 100.  Commercial/industrial units rounded to the nearest 10. 

[b] Source: Based on input from District staff and meter data provided by Foresthill PUD. 
[c] Based on total potential units from properties with either Commercial or Medium Density land use designation.  No 

reduction is taken for density on commercial units.  Units on Commercial parcels already developed have been 
subtracted out of the increase in residential units (approximately 40 acres vacant @ 21 units per acre=840 multi-
family units). 

[d] Based on total of potential units from properties with Medium Density land use designation.  Assumes no 
residential development on property with commercial land use designation.  Development has been adjusted 
downward according to the constraints identified on particular parcels.  Assumes density no greater than 4 units 
per acre. 

[e] Based on data provided by the Placer County Assessor’s Office, total acreage of parcels within the District 
Boundaries with a Commercial land use designation, but no structure on the property is approximately 50 acres.  It 
is assumed that a commercial use is approved on each 0.5 acres.  In the constrained case, development has been 
adjusted downward according to the constraints identified on particular parcels. 

[f] Assumes that approximately 138 acres of undeveloped Industrial property remains within the District service area 
and that this property will develop as light industrial or commercial type uses.  Assumes development of 
commercial-type use on each remaining 0.5 acre.  In the constrained case, development has been adjusted 
downward according to the constraints identified on particular parcels. 

 

2.1.1 HISTORICAL WATER USE AND FUTURE PROJECTIONS 

Historical water use and development of future water demands are summarized herein.  Detailed 
descriptions of the methodology and assumptions used to estimate future demands are included in 
Section 3 of this plan. 
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Water production data from the water treatment plant were evaluated based on daily operating 
logs from 2003 through 2005 and summarized in Table 2-4.  Water use varies from season to 
season depending on temperature and precipitation.  The monthly distribution of water 
production is included in Figure 2-1 along with average annual production rates from 2003 
through 2005. 

Table 2-4 
Annual Water Production 

Year Water Production, MG Annual Rainfall Total[a] 

2003 336.3 48.66 

2004 386.5 35.17 

2005 361.4 72.31 

[a] Source: California Department of Water Resources (CDEC), historical accumulated precipitation, 
Foresthill Ranger Station.  Precipitation reported is water year (October 1 through September 30), 
beginning in October 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-1 
Monthly Water Production Data 
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Water demands also vary hourly throughout the day and estimation of the peak demands are 
necessary to size treatment, storage and distribution system improvements.  Key peaking factors 
expressed as multiples of average flows include the maximum day and peak hour demands used 
in the analysis are summarized in Table 2-5. 

Table 2-5 
Water Use Peaking Factors 

Year Max Month/Annual Average[a] Max. Day/Annual Average[b] Peak Hour/Max. Day[c] 

2003 1.775 / 0.921 = 1.9 2.32 / 0.921 = 2.5 - 

2004 1.811 / 1.056 = 1.7 2.256 / 1.056 = 2.1 - 

2005 1.828 / 0.990 = 1.8 2.246 / 0.990 = 2.3 - 

Average 1.8 2.3 1.5 – 1.7 

Value Used[d] N/A 2.5 1.7 

[a] Based on Peak Month production, converted into per day units (Mgal/d). 
[b] Based on Maximum Daily production, and Annual Average Daily production, with units of Mgal/d. 
[c] Peak hour flows are not recorded and typical values from published data are used. 
[d] Peaking factor used for projecting future flows in this report. 
 
 

Water demand factors were developed based on historical usage data from billing records and 
adjusted upwards to compensate for “consumptive creep” in usage rates within the District over 
time.  The increased usage rate is likely due to changing demographics within the foothill 
community as a whole.  Historically Foresthill has been somewhat isolated due to its location on 
the Divide and many of the homes were used for vacationing and seasonal use.  Recent 
improvements to Foresthill Road have made access to the area safer and faster.  Due to the 
relatively high cost of land in Placer County and the desire to develop in Placer County, the 
demographics are changing in the foothills.  This change is affecting other foothill communities 
along the Interstate 80 corridor.   Residential water use is still lower in Foresthill than compared 
to neighboring communities.  Water demand factors used to project future water use are 
summarized in Table 2-6 and do not include unaccounted water. 

Table 2-6 
Recommended Water Demand Factors 

Water User Annual Average Water Demand Factor, gpd/unit[a] 

Residential 450 

Multi-family Residential 330 

Commercial 1,420 

Industrial 250 

[a] Does not include unaccounted water.  Residential and multi-family residential factors 
listed are in units of gpd/EDU.  Commercial and industrial factors are in units of 
gpd/connection. 
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The land uses and development projections have been combined with the water demand and 
peaking factors to project future water demands within the District which are summarized in 
Table 2-7. 

Table 2-7 
Water Demand Estimates 

Demands Current Build-Out 1992 Water Master Plan 
Residential, gpd 673,200 2,025,000 1,662,380 
Multi-family Residential, gpd 80,500 165,000 317,460 
Commercial, gpd 121,800 238,000 191,700 
Industrial, gpd 250 62,500 159,100 

Average Day Demand (ADD), gpd [a] 875,750 2,490,500 2,330,640 
Production Current Build-Out  

Unaccounted Water (UA), gpd [b] 87,600 249,050  
Total Avg. Day w/UA, gpd [c] 963,350 2,739,550  
Max. Day Demand, gpd [d] [e] 2,280,000 6,475,300  
Peak Hour, gpm [f] 2,650 7,525  

[a] Based on demands calculated from land uses and water demand factors. 
[b] Unaccounted water calculated at 10-percent of demands. 
[c] Based on ADD + UA. 
[d] MDD based on historical data from current condition. 
[e] MDD for build-out estimated based on (2.5 x ADD) + UA. 
[f] Peak hour demand estimated based on (1.7 x MDD) + UA. 

 
To conveniently express development as it relates to water demands within the District the 
concept of an equivalent dwelling unit (EDU) is introduced.  For the purposes of this Master 
Plan, an EDU represents the demand placed on the system by a single family residential unit, and 
is not necessarily representative of the number of service connections. 

The number of EDUs is calculated by dividing the total water production by the single family 
residential usage rate, including unaccounted water.  The estimated number of EDUs under 
current and build-out scenarios is summarized below, and calculated based on 450 gpd demand 
plus 10-percent unaccounted water (495 gpd/EDU).  An additional 3,588 EDU are anticipated 
through build-out and represents a combination of residential, commercial and industrial 
development. 

Current:  1,946 
Build-out:  5,534 

The annual water demand based on the average daily demand, including unaccounted water, 
under current and future demand conditions within the District boundary are as follows: 

Current:  1,079 acre-ft 
Build-out:  3,069 acre-ft 
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2.2 WATER SUPPLY YIELD STUDY 

The estimated yield from the Sugar Pine Reservoir Project was calculated.  The yield is important 
to understand because the reservoir represents the District’s primary water supply.  The currently 
accepted estimated yield from the project was provided in the Water System Master Plan 
prepared in the 1992 Master Plan by Giberson & Associates, Inc.  The District desired to revisit 
the estimated yield by updating the historical data available since the 1992 Water System Master 
Plan was prepared.  ECORP Consulting prepared the analysis with input from ECO:LOGIC and 
District staff. 

Two methods were used to calculate the estimated yield of the Sugar Pine Reservoir.  The first 
includes an update of the Log Pearson Type III analysis using the District’s adopted Reliability 
Standard, and extending the period of record using an additional 12 years of stream flow data 
through 2003 similar to the analysis included 1992 Master Plan.  The second method used to 
calculate the yield used the OASIS model, developed by HydroLogics, Inc.  Oasis is a 
comprehensive water resources systems modeling software which uses multiple input such as 
reservoir operating data (e.g. spills, releases, elevations, etc.), climatic conditions, and demand 
patterns and simulates the reservoir responses over time based on the input/outputs.  

2.2.1 HYDROLOGY DEVELOPMENT 

Both methods used to calculate the reservoir yield rely on historical watershed hydrology.   
Unimpaired daily flow records for North Shirttail Creek exist from 1956 through 1984.  After 
1985, flow records are impaired by Sugar Pine Reservoir operations.  Prior to the construction of 
Sugar Pine Dam, the daily USGS flow records were converted into acre-feet, and then 
accumulated into monthly volumes.  After the construction of the Dam, operations records were 
used to construct the hydrology used in the modeling analyses. 

The District has adopted a Water Supply Reliability Standard (Reliability Standard) as a method 
to determine the yield of the project.  The 1992 Master Plan defines the Reliability Standard as a 
10-year drought followed by a 100-year drought followed by a mean year.  To determine these 
levels, the 1992 Master Plan analyzed 36 water years of annual yield from North Shirttail Creek, 
1956 through 1991.  A frequency analysis was done to relate the magnitude of the periodic low 
annual yields from North Shirttail Creek to their frequency of occurrence through the use of Log-
Pearson type III probability distributions.  From this analysis, annual volumes for a 10-year 
drought, 100-year drought, and a mean year were determined. 

2.2.2 DROUGHT FREQUENCY ANALYSIS 

The analysis for the 1992 Master Plan used annual flow data from 1956 through 1991.  The 1992 
Master Plan reports that prior to construction of Sugar Pine Reservoir, the Bureau of Reclamation 
collected flow data on North Shirttail Creek from 1955 through 1985.  Since 1985, the District 
has been collecting operational data and calculating the inflow to the reservoir.  Figure 2-2 
illustrates both the data used for the 1992 Master Plan, and the data developed by ECORP during 
this study. 
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Because the 1976-77 period is before the construction of the reservoir, the flow data comes from 
the USGS gage #11426400 records, not operational records.  There was a significant difference 
noted in the inflow volume used during the 1992 Master Plan and data used in this study.  The 
differences in 1976 data are of particular concern because the 1976-77 drought is the driest two 
year period for the 1958 through 2003 period of record and it defines the critical period 
(minimum inflow and available water) for this system.  The District’s Reliability Standard has 
been based on a 10-year, 100-year, average year sequence of inflow, but in fact, the 1976 and 
1977 critical period is more severe than the design event historically used to determine yield from 
the project.  As discussed below, the actual flows from the 1976/77 was used to calculate the 
yield as well, and is less than the yield calculated using statistical data and return frequencies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 
Annual Inflow, North Shirttail Creek 

2.2.3 METHODOLOGY 

Using the June through May annual inflow totals, a Log Pearson Type III distribution was 
performed on the 1958 through 2003 annual inflow data.  Figure 2-3 illustrates the annual inflow 
to Sugar Pine Reservoir for the 1958 through 2003 period and a plot of the statistical 5-, 10-, 25- 
and 100-year droughts and the mean annual flow derived from the drought frequency curve. 
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North Shirttail Creek
Annual Flow Data
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Figure 2-3 

Annual Flow Data, North Shirttail Creek 

A five year drought represents the anticipated flows that occur with an event that has the 
probability of occurring once every five years or has a 20-percent chance of occurring on a year 
to year basis.  A 50-year drought event would statistically occur once every 50-years or have a 
probability of 2-percent chance of occurring.  The inflow to the reservoir based on the 10, 100, 
and average year inflow defines the Reliability Standard.  

A simulation model of Sugar Pine reservoir was developed to evaluate both the statistically 
derived Reliability Standard, and the period of record operations (based on historical flows in the 
watershed).  Assumptions used in the simulation model include the physical characteristics of 
Sugar Pine reservoir, storage and diversion rights, downstream water rights, fish water release 
requirements and recreation requirements based on the Sugar Pine Fish Agreement dated 26 
January 1967, and evaporation and rainfall information.  With the exception of the physical 
characteristics of Sugar Pine reservoir, all the assumptions used in the simulation model were 
taken from the 1992 Master Plan and input into the model and include diversion rights, fish flow, 
recreation constraints, etc. 

2.2.4 RESULTS 

Four studies were completed for this analysis.  Studies one and two were developed for the 
specific purpose of duplicating the Supply Reliability method contained in the 1992 Master Plan.  
The method was applied to both the current reservoir size and to an enlarged Sugar Pine 
Reservoir.  The enlarged reservoir is based on an impoundment of 10,658 ac-ft, which is 3,658 
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ac-ft larger than the existing reservoir.  The enlarged reservoir would include the addition of 
radial gates to increase the reservoir level about 20-feet.  Results are summarized in Table 2-8. 

Table 2-8 
Summary of Reservoir Yield Results [a] 

Methodology Reservoir 
Configuration Calculated Yield, ac-ft 

Reliability Standard  

Study 1 Current Reservoir 2,750 

Study 2 Modified Reservoir 4,150 

Operations Simulation  

Study 3 Current Reservoir 2,150 

Study 4 Modified Reservoir 3,450 
[a] Does not include unaccounted water.  Residential and multi-family residential factors 

listed are in units of gpd/EDU.  Commercial and industrial factors are in units of 
gpd/connection. 

 
Using this method with the extended hydrology record, the updated yield of the project is 
approximately 2,750 ac-ft, which is slightly higher than 2,610 ac-ft reported in the 1992 Master 
Plan using the same methodology.  However, the analysis identified the 1975 through 1978 
period as the critical period for the project and is more severe than the Design Event.  Further 
analysis using a simulation based on the critical period identified that the annual delivery during 
the 1975 through 1978 period is approximately 2,150 ac-ft, significantly less than that calculated 
using the Design Event based on statistical analysis. 

Under current development, approximately 1,079 acre-ft of water is needed to meet the current 
level of development and is well below the estimated reservoir yield during the critical design 
period.  However, under the build-out condition, approximately 3,069 acre-ft of water is needed 
to meet projected demands.  Under the current reservoir configuration conservation during the 
critical dry period would be required without increasing the reservoir capacity.  Imposing 
conservation measures during dry periods is a common practice, and the District should consider 
developing a drought contingency plan to prepare for the potential of a shortfall in the future as 
the District continues to develop. 

2.3 TREATMENT SYSTEM 

Water treatment facilities are summarized in this section.  Detailed discussion of the facilities is 
included in Section 5.  Figure 2-4 includes a schematic of the overall raw water storage/supply, 
treatment processes and treated water storage facilities.  Figure 2-5 includes a site layout with 
major facilities shown.   

2.3.1 EXISTING SYSTEM 

A brief description of the existing treatment plant is included below including raw water supply, 
treatment, chemical feed and storage.  Detailed discussion of the systems is included in Section 5. 
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The District’s primary water supply is North Shirttail Creek.  Sugar Pine Dam was constructed 
on North Shirttail Creek by the Bureau of Reclamation (the Bureau) in the 1980’s.  The District 
purchased the project from the Bureau in 2003.  The storage impoundment behind the dam is 
referred to as the Sugar Pine Reservoir.  Raw water from Sugar Pine Dam flows into a 40-acre-ft 
forebay prior to entering the treatment plant. Plant flow is controlled through a rate of flow 
control valve located at the filter outlet manifold. 

The treatment plant is considered a direct filtration plant.  Two dual media pressure filters 
provide treatment.  The maximum allowable flow based on filter loading rates is 2,184 gpm, or 3 
million gallons per day (nominal). 

The filters are backwashed periodically to clean them.  Backwash water is currently stored in 
onsite ponds and evaporates or percolates.  No backwash water is discharged offsite. 

A cationic polymer is used for coagulation/flocculation.  The coagulant is injected into the 
21-inch raw water pipeline from the 40-acre foot reservoir.  No mixing devices are employed in 
the process.  Floc form as the water mixes in the pipeline which increases the solids removal 
efficiency of the pressure filters.  The existing treatment plant is considered a direct filtration 
plant by the CDPH. 

Sodium hypochlorite is used as a disinfectant.  Hydrated lime is used for pH adjustment.  The 
existing treatment facility produces excellent quality water.  The facilities are maintained very 
well.   

Treated water is discharged from the filters and enters the distribution system.  Three 
430,000-gallon bolted steel tanks are located on the southwest corner of the treatment plant site 
providing about 1.3 Mgal of treated water storage.  In their current configuration the tanks “ride 
the line” whereby the tanks are connected to the main transmission pipeline via branched tees 
with a lateral to the tank(s).  Under the current plant piping configuration, maintaining adequate 
contact time for disinfection requires special operating and sampling procedures.  District staff is 
currently working towards a solution to address that problem as discussed below. 

Treated water from the water treatment plant flows directly into the gravity distribution system 
that serves the lower elevation of the District.  The booster pump station (BPS) is supplied 
directly from the 21-inch transmission main via a 12-inch suction pipeline, and serves the higher 
elevations of the system east of the treatment plant site, and provides auxiliary flow to lower 
portion of the system through a pressure reducing/pressure sustaining station across the street 
from Walter Way. 

2.3.2 TREATMENT PLANT IMPROVEMENTS 

Improvements to the existing treatment facility are discussed in this section.  The proposed 
treatment plant layout at the build-out condition is shown on Figure 2-6.  The improvements will 
be constructed in phases as additional capacity is required.  
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The improvements included herein are based on a planning level analysis used to determine the 
nature of improvements and planning level costs.  Prior to implementing improvements, a 
preliminary engineering report must be completed to confirm the assumptions used to develop 
the improvements identified herein.  As discussed below, a major assumption is that continued 
use of the pressure filters will be approved for future expansions, possibly with the addition of 
roughing filters.  The Long-Term-2–Enhanced Surface Water Treatment Rule now applies to 
small systems, and requires that the raw water quality be analyzed for bacteriological 
contamination.  Results of that testing may require that more treatment be provided in the future. 

Prior to implementing any of the suggested improvements included herein the District will 
comply with the California Environmental Quality Act (CEQA) and prepare the necessary 
documentation depending on the nature of the improvements.  The District may also be subject to 
the National Environmental Protection Act (NEPA) and other Federal regulations depending on 
the nature of the project and funding sources.  The determination of necessary documentation to 
comply with CEQA, and possibly NEPA, should occur during the predesign phase of the project 
when the specific nature of the improvements are known. 

Filter Capacity.  The original treatment plant was designed to accommodate two additional 
filters within the existing building, sized and configured similarly to the existing filters.  Each 
filter provides a nominal capacity of 1.5 MGD at the approved loading rate.  Future filter 
capacity expansions will be accomplished by adding additional filters and appurtenances. 

With four filters in service the filter capacity will be 6 MGD.  The projected maximum day 
demand is about 6.5 MGD, slightly higher than the capacity the treatment plant was originally 
designed for.  The additional capacity needed could be provided by providing slightly larger 
filters with more capacity, or by adding a fifth filter in the future, which is considered the 
preferred alternative. 

Pretreatment.  The existing water treatment plant is considered a direct filtration plant, which is 
an approved treatment method.  Direct filtration includes coagulation and flocculation followed 
by filtration, and excludes sedimentation.  Inline filtration is not an approved treatment process, 
and generally consists of the addition of coagulant immediately upstream of the filter units, with 
little or no time for coagulation and flocculation processes to occur.  The designation between a 
direct and inline filtration is not always clear, and the District’s system could be reclassified as an 
inline filtration process in the future.  Reclassification to inline filtration would require major 
upgrades to the existing facility.  Due to the high source water quality and long detention time 
provided in the 21-inch raw water pipeline between the 40-acre foot reservoir and treatment plant 
which provides time to allow flocculation to occur prior to filtration, reclassification to inline 
filtration is unlikely; however, pretreatment could be required. The addition of pretreatment 
processes at the District’s treatment plant has been included in this Master Plan.  Roughing filters 
would be installed just upstream of the existing filters.  

Backwash Recovery System.  The backwash, filter to waste and instrument water must be 
contained on the site.  Typically these streams are recycled back into the treatment system after 
some form of processing to remove excess solids.  The current system is configured to return the 
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backwash recycle stream directly in front of the filters and doing so negatively impacts the filter 
water quality.  As mentioned previously, District Operators have expanded the backwash storage 
basins to a size capable of evaporating and percolating all of the water. To address these 
requirements, District staff plans to construct a pipeline up to the 40-acre foot reservoir which 
will convey and discharge the water into the basin. 

Treated Water Storage.  Additional treated water storage at the site is needed to provided the 
required contact time for treatment, and provide reliability and equalization.  A total of 
approximately 6.8 Mgal of storage is recommend in the system through build -out.  Of that, 
approximately 3 to 3.5 Mgal would be located at the treatment plant, with remaining storage 
located in the distribution system.  The final configuration should be determined based on site 
constraints and hydraulics through the treatment plant. 

Chemical Feed Systems.  Chemical feed system improvements needed to expand the system are 
relatively minor and the improvements anticipated and include upsizing feed pumps and storage.   

2.3.3 CAPITAL COST ESTIMATE 

Planning level costs for the improvements discussed in this section are included below.  All costs 
included are based on 2007 cost levels.  The estimates include a 30-percent contingency and a 
25-percent allowance for engineering, administration and legal fees.  A summary of the cost are 
included in Table 2-8. 

2.4 TRANSMISSION, DISTRIBUTION AND STORAGE 

The transmission, distribution system and associated treated water storage (distinct from raw 
water storage and treated water storage improvements at the District’s treatment plant site) are 
discussed in this section.  Detailed discussion of the facilities is included in Section 6.  

2.4.1 EXISTING SYSTEM 

Transmission mains are the primary means of conveying water throughout the system.  
Transmission mains have distribution laterals emanating from the main, there are no services 
connected directly to the transmission pipelines.   The District’s current transmission and 
distribution system is shown on Figure 6-1 (see the inside back cover of this Master Plan).  The 
transmission main begins at the water treatment plant and heads southwest, through a cross 
country route north of downtown Foresthill, until it begins to run adjacent and parallel to 
Foresthill Road. 

The entire transmission system is fed by gravity.  As the elevation decreases away from the 
treatment plant, the pressure increases due to gravity head, and would exceed 520 psi (1,200 feet) 
at the end of the system near Bella Vista.  These system pressures would require special pipeline 
materials and construction, and would present safety concerns.  There are currently five pressure 
reducing stations (PRVs) located along its length with inlet pressures upwards of 200 pounds per 
square inch (psi).  Outlet pressures are reduced down to 90 to 110 psi.   
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Table 2-8 
Proposed Improvements[a] 

Improvements Cost (x1,000) 
Filtration Equipment 
 Add additional filters, including face piping, media and manifolds – total of three 

additional filters including redundant unit 
$1,250 

 Expand/modify existing building to accommodate a fifth redundant filter unit 120 
 Construct pretreatment building 250 
 Install roughing filters (total of two units) 900 
 Site piping modifications to accommodate roughing filters 75 
 Modify existing backwash pump to increase capacity and design point to 

accommodate roughing filters and new tanks 
150 

 Sitework 100 
 Electrical and controls (at approximately 30% of improvements) 850 
 Sub-Total $3,695 
 Contingencies @ 30% 1,100 
 Sub-Total $4,800 
 Engineering, Admin, Legal @ 25% 1,200 
 Sub-Total Filtration Equipment $6,000 
   
Storage Facilities 
 Construct two 1 Mgal steel storage tanks $2,000 
 Site piping for new storage tank 110 
 Hydraulic control structure (between new & existing tanks) 25 
 Relocate access road and gate 30 
 Modify inlet/out piping on existing tanks (work by District forces) 45 
 Sub-Total $2,210 
 Contingencies @ 30% 660 
 Sub-Total $2,870 
 Engineering, Admin, Legal @ 25% 720 
 Sub-Total Storage Facilities $3,590 
   
Miscellaneous Improvements 
 Chemical feed modifications 20 
 Backwash recycle pump station (6” pipeline and two new pumps) 140 
 Sub-Total 160 
 Contingencies @ 30% 50 
 Sub-Total $210 
 Engineering, Admin, Legal @ 25% 50 
 Sub-Total Miscellaneous Improvements $260 
   
 Total – Treatment Plant Improvements $9,850 

[a]  June 2007 20 Cities ENR CCI = 7,984. 
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The transmission main is constructed of asbestos concrete (AC) pipe, and is in good condition.  
Due to the high pressures involved special thickness classes were required to prevent failures and 
District staff must maintain an inventory of specialized repair materials suited to the 
unconventional pipe diameters.  District staff report that problems with the PRVs and/or pipeline 
are infrequent and the system runs well. 

The existing transmission pipeline was constructed with minimal looping.  Looping creates 
interconnections which allow operators to divert flow around areas that must be isolated due to 
emergencies, or for heavy maintenance.   Due to the linearity of the current system, water service 
is interrupted to all customers downstream of the isolation valve used to shut the water off. 

Distribution system pipelines are supplied directly from the transmission main.  Distribution 
pipelines are typically smaller diameter and provide water service to customers via a service 
lateral and meter set. 

The overall transmission/distribution system is in good shape, which is evident based on the low 
percentage of unaccounted water in the system. 

2.4.2 TRANSMISSION MAIN/STORAGE IMPROVEMENTS 

Improvements to the existing system are proposed to help the system meet the pressure and flow 
criteria.  A hydraulic model was prepared and used to assess the existing and future hydraulics 
within the system.  Areas within the existing system which do not meet the flow/pressure criteria 
were identified as existing deficiencies within the system along with proposed remedies.  

The expanded transmission system presented herein has been developed to provide service for 
future development, provide looping/parallel pipelines to increase redundancy, and includes 
additional treated water storage within the system through build-out.  Future improvements 
consider use of existing facilities where possible to reduce project costs.  Where possible the 
proposed pipeline alignments are along existing roads, or in the vicinity of future roadways 
currently planned by Placer County. 

Improvements have been developed to a facilities planning level.  Detailed engineering studies 
are needed prior to implementing the improvements to confirm assumptions, verify elevations 
and system hydraulics, consider alignment route alternatives, etc. 

Prior to implementing any of the suggested improvements included herein the District will 
comply with the California Environmental Quality Act (CEQA) and prepare the necessary 
documentation depending on the nature of the improvements.  The District may also be subject to 
the National Environmental Protection Act (NEPA) and other Federal regulations depending on 
the nature of the project and funding sources.  The determination of necessary documentation to 
comply with CEQA, and possibly NEPA, should occur during the predesign phase of the project 
when the specific nature of the improvements are known including transmission main alignments 
and storage tank locations within the system. 
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Distribution systems associated with specific developments are not addressed in this report.  The 
“onsite” pipelines and appurtenances to serve individual developments will be designed by the 
developers to District standards.  The layout of those facilities will be tailored to the individual 
development project based on the planned layout of the development.  The District will review 
and approve the improvements, including the point of connection to existing facilities.  In some 
cases, key pipelines within the developments may need to be upsized so they can be used to 
connect/extend some of master planned facilities identified herein. 

All of the improvements identified herein are within the existing District boundary.  The majority 
of the new pipelines, and potential to provide looping and parallel pipelines within the system is 
within the northern portion of the District.  Two storage tank sites are proposed within the 
transmission system.  Storage within the transmission system will provide redundancy in the 
event of a pipeline failure, and will also provide additional storage in the event of a water supply 
emergency, such as a treatment plant failure. 

The proposed transmission pipelines to serve build-out are shown on Figure 6-3, in the back of 
this report.  The alignments shown are for planning purposes only necessary for modeling and 
determining planning level cost estimates.  Detailed analysis including soils, topography, 
environmental constraints, right-of-ways, etc. will be necessary prior to selecting the actual 
alignment.  

Design criteria and recommended system storage improvements were discussed in Section 5.  
Treated water storage is needed within the system to provide equalization, emergency storage 
and fire flow capacity.  Currently all storage is at the water treatment plant site.  Given the size 
and configuration of the District providing storage within the distribution system is 
recommended.  Based on the criteria presented in Section 5, upwards of seven (7) Mgal of 
storage is recommended at build-out.  Three (3) Mgal of storage is proposed at the treatment 
plant site, with the balance located within the distribution system. 

Two potential tank sites were located, one in the vicinity of Melody Lane, the second up near the 
High School.  The specific sites and configuration should be determined during predesign of the 
facilities.  Development of the lower site in the vicinity of Melody Lane prior to the High School 
site is likely. 

2.4.3 CAPITAL COST ESTIMATE 

Probable costs for improvements to the existing and build-out systems were estimated for all 
major infrastructure.  Infrastructure to serve a particular neighborhood was not included and is 
assumed to be the responsibility of the developer.  A summary of the estimated capital costs are 
included in Tables 2-9  through 2-11.  Capital costs have been determined based on existing 
deficiencies, distribution system storage, and transmission pipelines in each respective table.  As 
shown all costs include a 30-percent contingency and a 25-percent allowance for engineering, 
legal and administrative costs. 



Section 2 Executive Summary 

 
ECO:LOGIC Engineering  Foresthill PUD 
January 2008 2-20 Water System Master Plan 
FHIL06-001 

Table 2-9  
Existing Distribution System Improvements Cost Estimate [a] [b] 

Item Improvements Unit Qty Unit Cost Cost (x$1,000) 

a Replace 6" transmission main with 8" main in 
Crestline Drive LF 2,640 $80 $210 

b Replace 6" transmission mains with 8" mains in 
Old Mill Street south of Foresthill Road LF 3,510 $80 $280 

c Replace 4" transmission mains with 6" mains in 
Old Mill Street south of Foresthill Road LF 710 $60 $40 

d Replace 6" transmission main with 8" main in 
Gas Canyon Court LF 1,110 $80 $90 

e 6" transmission main connection between 
Thomas Street and Timber Land Drive LF 860 $75 $60 

f Replace 6" transmission main with 8" main in 
Hard Rock Drive LF 950 $80 $80 

g Replace 6" transmission main with 8" main in 
Mayflower Road LF 700 $80 $60 

h Replace 6" transmission main with 8" main in 
Moshiron Drive up to Pine Crest Drive LF 420 $80 $30 

i Replace 6" transmission main with 8" main in 
Hosmer Mine Court  LF 830 $80 $70 

j Replace 6" transmission mains with 8" mains in 
Pine Crest Drive  LF 940 $80 $80 

k Replace 4" transmission mains with 6" mains in 
Pine Crest Drive  LF 660 $60 $40 

l 6" transmission main connection between the 
ends of Eagle Ridge Drive and Ponderosa Way LF 2,179 $75 $160 

m Replace 6" transmission mains with 8" mains in 
the northwest corner of Monte Verde area  LF 950 $80 $80 

 Sub-Total    $1,280 
Contingencies @ 30%    $385 
Sub-Total    $1,665 

 

Engineering, Admin, Legal @ 25%    $415 
 Total Existing System    $2,080 
[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-2 for improvement location based on item identification. 
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Table 2-10 
Distribution System Storage Improvements Cost Estimate [a] [b] 

 Improvements Unit Qty Unit 
Cost Cost (x1,000) 

 STORAGE TANKS AND APPURTENANCES     
 Distribution System Storage 1 Site (DS-1)     

a Two – 1 Mgal tanks with land Gal 2,000,000 $1 2,000 
 Land for tank site Ac 1 50,000 50 

b 10" transmission main, on the East of Timberland Drive, 
from the existing 18" main in Foresthill Road to the 
proposed tank  

LF 2,380 $115 275 

c FCV station for proposed storage  Ea 1 $50,000 50 
d PRV station for proposed storage Ea 1 $50,000 50 

e 12" transmission main from the proposed tank site 
towards Spring Garden 

LF 21,370 $135 2,885 

f PRV stations for proposed 12” transmission main 
(item e) 

Ea. 2 $50,000 100 

      
 Distribution System Storage 2 Site (DS-2)     

g Two 0.75-Mgal tanks with land Gal 1,500,000 $1 $1,500 
 Land for tank site Ac 1 50,000 50 

h 10" transmission main from the existing 18" main in 
Foresthill Road to the proposed tank on the East of 
Melody Lane  

Lf 2,210 $115 255 

i FCV station for proposed storage Ea 1 $50,000 50 
j 12" transmission main from the tank to the existing main 

in Foresthill Road Lf 7,060 $135 955 

 Sub-Total Distribution System Storage    $8,220 
 Contingencies @ 30%    2,465 
 Sub-Total    $10,685 
 Engineering, Admin, Legal @ 25%    2,670 
 Total Distribution System Storage    $13,355 

[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-3 for improvement location based on letter identification. 
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Table 2-11 
Build-out Transmission Pipeline Improvements Cost Estimate [a] [b] 

 Improvements Unit Qty Unit 
Cost Cost (x1,000) 

k 10" branch transmission main from 12" proposed main 
to the existing main in Foresthill Road on the east of 
Polaris Way 

LF 7,210 $115 $830 

l PRV station from DS 2 to transmission main in 
Foresthill Road 

Ea. 1 $50,000 $50 

m 8" transmission main from the 10" tank feeder main in 
Powerline Road at the vicinity of the proposed tank 
through Hard Rock Drive  

LF 9,050 $95 $860 

n 12" transmission mains from the existing 18" main at 
the vicinity of Old Mill PRV to the proposed 12" main via 
Yankee Jim area  

LF 20,840 $135 $2,810 

o PRV stations along 12” transmission main Ea. 2 $50,000 $100 

p 10" transmission main along McKeon Ponderosa Way 
from Spring Garden  

LF 7,840 $115 $900 

q 8" transmission main along McKeon Ponderosa Way 
from the end of line 10” towards the south of the Gas 
Canyon area 

LF 12,170 $95 $1,160 

r 10" transmission main from the end of the proposed 8” 
pipeline to the vicinity of the Richardson PRV 

LF 2,140 $115 $250 

s Check valve in 6" main on Red Rock Drive Ea 1 $10,000 $10 
t PRV stations Ea 3 $50,000 $150 
 Sub-Total    $7,135 
 Contingencies @ 30%    2,140 
 Sub-Total    $9,275 
 Engineering, Admin, Legal @ 25%    $2,320 
 Total    $11,595 

[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-3 for improvement location based on letter identification. 

 
The total estimated capital cost for the existing system to remedy existing deficiencies is 
$2.1 million.  The estimated capital cost for the improvements to serve future growth is 
approximately $25 million, including transmission pipelines and distribution system storage.  
The cost of remedying existing deficiencies is the responsibility of the existing customers, 
whereas improvements to accommodate future growth should be borne by new users.  Only the 
cost of future expansion improvements was included in the proposed connection charge 
calculation methodology included in Section 7. 

2.5 PROPOSED METHODOLOGY FOR CONNECTION CHARGE 
CALCULATION 

Improvements and associated capital costs to increase the capacity of the existing system to serve 
future growth have been identified in previous sections of this Master Plan.  Facilities financed 
with connection charges include backbone facilities such as water treatment, transmission system 
improvements and storage, which provide the necessary capacity to serve future growth.  A 



Section 2 Executive Summary 

 
ECO:LOGIC Engineering  Foresthill PUD 
January 2008 2-23 Water System Master Plan 
FHIL06-001 

proposed methodology to calculate a water connection charge to fund these improvements is 
developed in this section.  Any such calculations or formulations expressed in this section are for 
example purposes only.   

The proposed capital improvements included in this plan are based on full build-out within the 
existing District service area.  The length of time for build-out within the District is unknown, 
and may take several decades to fully develop.  Master Plans typically have a useful life of five to 
10-years before updates are necessary due to changing conditions (e.g. regulations, rate of 
growth, changes in construction costs, etc.).  The connection fee eventually adopted by the 
District Board of Directors will be developed using a shorter time horizon which will based on 
input from developers, the County’s Community Plan Update and other factors to be determined 
in separate document.  A proposed methodology is included herein for consideration. 

The connection charge must have a relationship to the cost of providing the service which is 
related to the cost of the improvements needed to provide the capacity.  To simplify the process 
of determining the share of these costs for which an increment of future development is 
responsible, the concept of the Equivalent Dwelling Unit (EDU) has been used, which represents 
the demand exerted on the system from a single family home, which is 495 gpd/EDU, including 
unaccounted water. 

The connection charge calculated herein is based on the capital cost estimate for the 
improvements required to provide service to a single EDU within the system.  This charge has 
been broken down into three categories by the type of capital improvements funded as 
summarized in Table 2-12. 

Table 2-12 
Summary of Connection Charge Components [a] [b] 

Component Estimated Construction 
Cost, (x 1,000) 

Connection Charge, $ 

Treatment [c] $9,850 $2,745 

Storage [d] $13,355 $3,722 

Transmission $11,595 $3,232 

Total $34,800 $9,699 

[a] June 2007 ENR 20 Cities CCI = 7,984. 
[b] Based on a total of 3,588 additional EDU through build-out of existing District. 
[c] Includes storage at treatment plant. 
[d] Three new tanks within the District’s distribution system. 

 
The connection for a single family home would be $9,699.  The 3/4-inch meter is the smallest 
size meter that the District currently provides and is typically used to provide service to single 
family residential development to District customers. The 3/4-inch meter represents the potential 
water demand for one (1) EDU.    To add perspective, the Placer County Water Agency’s 
(PCWA) current water connection charge in Zone 3 (above Auburn in the Foothills) is $9,234 for 
a single family residence. 
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As the size of the meter increases, so does the potential demand placed on the system and the 
associated water connection charge should increase in some proportion.  This methodology is 
common practice, and based on the American Water Works Association (AWWA) standard 
meter ratios which are summarized in Table 2-13.  The ratios are simply based on the capacity of 
the various meters. 

Table 2-13 
Meter Equivalence Ratios and Proposed Connection Charge 

 AWWA   

Meter Size, 
inches Standard Ratio(a) 

 
Modified Ratio(b) 

Maximum 
Continuous 
Flow, gpm (c) 

Proposed 
Connection 
Charge, $ 

5/8 1 --- 20 --- 
3/4 1.5 1 30 $9,699 
1 2.5 1.7 50 $16,488 

1.5 5 3.3 100 [d] 
2 8 5.3 160 [d] 
3 17.5 11.7 350 [d] 
4 31.5 21 630 [d] 

[a] American Water Works Association (AWWA) meter ratio calculation based on a 5/8-inch meter. 
[b] Modified ratio based on ¾-inch meter as standard. 
[c] Based on AWWA standards for maximum flow through meter. 
[d] Connection charge for meters larger than 1.5-inches discussed below. 

 
As stated, the smallest meter the District uses is a 3/4-inch meter.  Therefore the standard meter 
ratios have been adjusted and shown in the column labeled “modified ratio”.   Therefore a 
customer requesting a 1-inch meter would be required to pay a water connection charge of 1.7 x 
3/4-inch meter charge.  That methodology works wells for small meters; however, meters sizes 
over 1.5-inches have the potential to place excessive burden on the system capacity and should 
be addressed differently as discussed below. 

The maximum flow rates through the larger meters can place an excessive burden on the system, 
while at the same time, not provide adequate funding for capacity related improvements. 

The recommended means of calculating the connection charge for commercial/industrial and 
multifamily sites is based on the use ratio compared to a single family dwelling unit.  The 
applicant should provide the District with the average and maximum day water demands 
expected to be placed on the system which can then be converted to an EDU basis and used to 
determine the connection charge.  This information would be submitted as part of the will serve 
application for the development. 

Indexing is used to provide for automatic adjustment of fees to account for inflationary cost 
increase.  The enabling ordinance can provide for automatic fee adjustment on a prescribed date 
each year, or every other year or third year, etc.  Annual indexing revisions are recommended to 
minimize the magnitude of the change and insure that revenue more closely follows expenses.  
One approach involves adjustment based on an accepted cost indicator such as the CPI 
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(Consumer Price Index) or the ENR Construction Cost Index.  The latter is preferred since it 
more closely reflects costs in the construction industry, which are used as the basis for computing 
connection fees.  This approach provides the most accurate adjustment, although the incremental 
change (increase or decrease) is not known beyond the current year. 

2.6 IMPLEMENTATION PLAN 

This proposed implementation plan outlines the infrastructure upgrades to provide additional 
capacity to serve future development.  Improvements previously discussed include upgrades to 
the water treatment process, additional storage and transmission facilities.  Project phasing will 
depend on the rate of growth experienced within the District, which is subject to economic forces 
outside the District’s control.  Projected water demands are based on the existing District service 
area boundaries and land uses described in the 1981 Foresthill General Plan.  Estimated capital 
costs have been provided for the improvements and used to calculate the water connection charge 
in prior sections of this report. 

Figure 2-7 includes the demand projections within the District based on 2.5 to 5 percent growth 
rates.  Critical improvements at the treatment plant are identified based on the average annual 
flow, so if the rate of growth changes, it does not affect the need for the improvement at the 
indicated flow, but will change the timing on when the improvement is needed. 

Provision of additional storage at the treatment plant should occur as soon as possible.  In the 
event of a problem at the treatment plant, there is less than one-half day of total storage during 
summer months, which does not included flow equalization, fire flow or contact time for 
disinfection.  The addition of 1 Mgal of storage is recommended immediately before significant 
demands are added to the system, along with the tank the accompanying improvements include: 

� A second 1-Mgal tank should be added by the time average daily flow is about 
1.3 MGD.  A total of approximately 3.3 Mgal of storage would be provided at the at the 
treatment plant.  Additional storage within the distribution system is recommended and 
discussed in Section 8.3. 

� Modifications to the existing storage tank piping should be completed to resolve the 
current operation problems associated with the disinfection system.  District staff plans 
to make those improvements during the winter when demands are reduced, and the 
various tanks can be taken offline for modifications. 

� A number of miscellaneous improvements were identified in Section 5.  The 
improvements are relatively minor, and will likely be completed by District staff as 
needed and are not addressed herein. 

2.6.1 TRANSMISSION SYSTEM IMPROVEMENTS 

� The transmission mains are the primary conveyance facilities to move water through 
the District.  A number of transmission main improvements are identified in Section 6, 
and were located in a manner to provide system looping and reliability throughout the 
system.  The District will need to determine which transmission system improvements 
are necessary on a case by case basis.  It is likely that the transmission mains will be 
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built in increments and complete loops over a series of project, each requiring an 
extension of the main to their specific project.  Where possible, over sizing mains  
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Figure 2-7 
Implementation of Water Treatment Plant Improvements 
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 through developments that could integrate into the transmission system should be 
considered. 

Two tank sites were located within the transmission system.  The locations of the new storage 
tanks can vary depending on the specific development that occurs within the District.  The tank 
elevation will be the critical factor.  Two areas within the District were identified, one near the 
High School deemed Distribution Storage Site 1 (DS 1), and the second near Melody Lane and 
identified as DS 2.  The site located in the area around Melody Lane (DS 2) would like be the 
first to be constructed and would benefit the western portion of the District, especially Todd 
Valley and any new developments in that portion of the District.   

2.6.2 WATER SUPPLY 

Water demand projections based on current land uses within the District were developed, and 
compared to the estimated reliable yield of the Sugar Pine Reservoir. Based on the demand 
projections and yield there will be a shortfall during the a drought event similar to the 1976/77 
condition as the District approaches build-out.   

The estimated annual demand within the current District boundary under current and build-out 
conditions is 1,079 and 3,069 ac-ft, respectively.  The existing reservoir has an estimated reliable 
yield of 2,150 acre-ft.  As annual demands increase to near 2,000 ac-ft (roughly double the 
current demand), the District should be prepared to impose deficiencies on customers during 
drought events such as the critical period, or be prepared to expand reservoir capacity by 
installing radial gates.  The existing reservoir has ample capacity to serve existing District 
customers, and it will likely be many years before demands exceed the estimated yield providing 
ample time to prepare some type of contingency plan in place.  

2.6.3 CONNECTION CHARGE 

The District’s current connection charge to fund future capacity improvements necessary to serve 
future growth should be updated to reflect costs of the improvements identified herein.  Section 7 
includes a proposed methodology for calculating the connection.  The District plans to develop a 
modified version of the improvements identified herein on based on a shorter time horizon (i.e. 
something less than build-out).  The planning horizon will be determined based on input from 
developers, Placer County and staff. 

2.6.4 FUTURE UPDATES 

The water master presented herein should be adopted by the District and implemented 
accordingly.  Periodic updates to the master plan are recommended on a five to ten year basis to 
ensure that the assumptions presented herein remain valid.  The Master Plan should also be 
updated if any major changes in the County’s land use policies occur that would significantly 
increase the level of development expected within the District. 
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Section 3  
Land Use and Water Demand 

Land uses and water demands are developed in this section.  The water demands were used to 
evaluate improvements necessary to expand the system to meet future water demands. 

3.1 PURPOSE AND SCOPE 

This section provides a summary of land uses and water demands within the Foresthill Public 
Utility District (District) water service boundary.  Water demands have been developed based on 
historical water use data and projected build-out within the current District boundary using 
approved land uses as defined by the existing General Plan and land uses.  The water demand 
projections will be used for planning purposes including water supply, treatment, distribution and 
storage discussed in subsequent sections of this report. 

3.2 LAND USE 

Projections of future water demands, including the magnitude and location, are necessary to plan 
future water system improvements.  Existing water demands have been developed using existing 
land uses established in the Foresthill General Plan and Environmental Impact Report (Placer 
County, 1981) (the 1981 Plan).  The Placer County Community Development Resource Agency 
(CDRA) is in the process of updating the 1981 Plan, which could affect the water demand 
projections. 

3.3 EXISTING LAND USE 

Existing land use is established in the 1981 Plan (implemented in the Placer County Zoning 
Ordinance).  The parcel data used was obtained from the Placer County Assessors Office and the 
Community Development Resource Agency (CDRA).  The existing land uses within the current 
District boundary are shown on Figure 3-1 and summarized in Table 3-1.  The developed 
acreages shown are based on the Assessors data where property indicated as vacant was 
considered undeveloped.  The zoning within the District is shown on Figure 3-2. 

3.4 FUTURE LAND USE 

Future growth within the District’s service area boundary is estimated based on the land 
designations in the 1981 Plan and information provided by the Placer County Community 
Development Resource Agency (CDRA).  The Placer County CDRA is updating the Foresthill 
Divide Community Plan and has prepared a draft plan which is currently in the public comment 
period.  The community plan update process has been ongoing since 1995/96; it is not certain 
when the final plan will be adopted, partially due to differing opinions and interests regarding 
land uses in the Foresthill area.  The District proceeded with the master plan to assess the 
condition of the existing system and formulate a plan for moving forward to ensure an adequate  
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Insert 

Figure 3-1 
Existing Land Use 
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and reliable water supply for its customers even though the community plan update is not 
completed.  As necessary updates will be made to the master plan to reflect changes in land use 
included in the final community plan that affect the water supply system.  

Table 3-1 
Existing Land Use[a] 

Land Use 
Total Acres 
Within the 

District 
Boundary 

Estimated Developed 
Acreage Within 

District Boundary[b] 

Estimated Vacant 
Acreage Within 

District Boundary 

Forest Residential 4.6 - 20 Ac. Min. 1,121 418 703 

Forestry 20 - 160 Ac. Min. 3,322 1,101 2,221 

Commercial 79 42 37 

Industrial 305 167 138 

Rural Estate 2.3 - 4.6 Ac. Min. 5,234 2,671 2,563 

Public Facilities 26 10 16 

Low Density Residential 2 - 4 DU./Ac. 99 77 22 

Medium Density Residential 4 - 10 DU./Ac. 170 140 30 

Rural Residential 1 - 2.3 Ac. Min 2,844 2,286 558 

Water Influence[c] 123 91 32 

Total 13,323 7,003 6,320 

[a] Source: Placer County Community Development Agency.  All acreages shown are approximate and are within the 
current District boundary. 

[b] Estimated acreage based on County tax role data. 
[c] Water influence is a land use found in the 1981 Foresthill Community Plan and defined in the Placer County 

General Plan as a land use designation which identifies significant lakes, reservoirs, and other bodies of water.  
Areas potentially impacted by inundation zone of the proposed Auburn Dam were included in this land use 
description. 

 

3.5 FUTURE LAND USE 

Future growth within the District’s service area boundary is estimated based on the land 
designations in the 1981 Plan and information provided by the Placer County Community 
Development Resource Agency (CDRA).  The Placer County CDRA is updating the Foresthill 
Divide Community Plan and has prepared a draft plan.  It is not certain when the final plan will 
be adopted, partially due to differing opinions and interests regarding land uses in the Foresthill 
area. 

The District is responsible to provide water service to approved land uses; therefore land uses and 
the associated water demand projections have been based on the 1981 plan.  Once the new plan is 
completed, the projected water demands should be updated to reflect changes in the land use 
designations that may occur as a result of the community plan update.  The new plan cannot be 
adopted by the County without addressing potential impacts resulting from any proposed changes 
to the plan, including water supply.  The District should remain engaged with the County as the 
community plan is updated and attempt to ensure that any and all impacts to the District are 
addressed in the CEQA document covering the Community Plan update.
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Insert 

Figure 3-2 
Existing Zoning  
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A projection of potential development through build-out of property within the existing District 
service area using the current land use designations was made.  All of the land within the 
District’s current service area can not be built-out due to regulatory, geographic and right-of-way 
constraints, and as a result, it was necessary to reduce the acreage based on these constraints prior 
to estimating future water demands. 

The development projections based on the constrained analysis are generally based on 
assumptions similar to those used by the CDRA in predicting traffic impacts to the Foresthill 
Divide for the proposed Community Plan Update that is currently underway, but applied to 
parcels within the current District boundary.  These constraints are based on geographical 
conditions as well as County policy and were provided based on input from CDRA staff.  
Examples of constraints used in the analysis include: 

� Parcels with a Forestry zoning designation are assumed to remain 80 percent 
undeveloped 

� Density for parcels zoned higher than one dwelling unit per acre have been reduced by 
20 percent to account for necessary infrastructure (including roads), and density on 
these parcels is held to 4 units per acre due to septic limitations. 

� Areas with slope greater than 30 percent have had density reduced (Placer County Land 
Use Regulations restrict development in areas with slope greater than 30 percent) 

� No property zoned as commercial develops with any residential use (assumed due to 
septic limitations). Current zoning allows for commercial zoning to be developed as 
medium density with up to 21 units per acre as reflected below. 

Table 3-2 includes a summary of the total acreage that could be developed for various land use 
categories for the constrained and unconstrained conditions.  The estimated area currently 
developed as of 2006 is also included based on County Assessor tax data.  Table 3-3 includes the 
estimated number of units for the various types of land uses for both the unconstrained and 
constrained case. 

Table 3-2 
Community Development within Foresthill PUD Service Area, 2006  

and Build-out, Acres[a] 

Year Residential Commercial[c] Industrial 

2006 [b] 6,785 52 167 

Build-out – Unconstrained 12,869 105 305 

Build-out – Constrained 11,250 94 291 

[a] The acreages presented here are approximate and include areas designated (planned or existing) for right-of-
way, easements, etc. 

[b] Source: Placer County Assessor’s Office.   
[c] Includes area designated as Public Facilities in Table 3-1. 
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Table 3-3 
Estimated Units – Current and Build-Out[a] 

Total Units at Build-out 
District Meter Category Current Units[b] 

Unconstrained Constrained 

Residential, services 1,781 5,500  4,500 

Multi-family Residential, services 330 2,400 [c] 500 [d] 

Commercial, services 87 190 [e] 170 [e] 

Industrial, services 1 280 [f] 250 [f] 

[a] Represents the potential number of units that could be added through build-out as equivalent dwelling units (EDUs).  
EDU represents the equivalent of one single family residence.  Residential units in build-out projections rounded to 
the nearest 100.  Commercial/industrial units rounded to the nearest 10. 

[b] Source: Based on input from District staff and meter data provided by Foresthill PUD. 
[c] Based on total potential units from properties with either Commercial or Medium Density land use designation.  No 

reduction is taken for density on commercial units.  Units on Commercial parcels already developed have been 
subtracted out of the increase in residential units (approximately 40 acres vacant @ 21 units per acre=840 multi-
family units). 

[d] Based on total of potential units from properties with Medium Density land use designation.  Assumes no residential 
development on property with commercial land use designation.  Development has been adjusted downward 
according to the constraints identified on particular parcels.  Assumes density no greater than 4 units per acre. 

[e] Based on data provided by the Placer County Assessor’s Office, total acreage of parcels within the District 
Boundaries with a Commercial land use designation, but no structure on the property is approximately 50 acres.  It 
is assumed that a commercial use is approved on each 0.5 acres.  In the constrained case, development has been 
adjusted downward according to the constraints identified on particular parcels. 

[f] Assumes that approximately 138 acres of undeveloped Industrial property remains within the District service area 
and that this property will develop as light industrial or commercial type uses.  Assumes development of 
commercial-type use on each remaining 0.5 acre.  In the constrained case, development has been adjusted 
downward according to the constraints identified on particular parcels. 

 
The maximum level of development within the existing District boundary is based on the 
unconstrained projections. The unconstrained condition, which includes all the land without 
consideration of constraints, overestimates the level of development, so it is not practicable or 
realistic.  Table 3-3 includes an estimation of the number of potential units (as services) for 
residential, commercial and industrial service. 

The constrained condition represents the best estimate for future development based on current 
land uses for which the District is obligated to provide treated water service.  The water demand 
factors developed later in this document were used in conjunction with the number of estimated 
units based on the constrained condition in Table 3-3 to project future water demands. 

3.6 HISTORICAL WATER USE AND WATER DEMAND FACTORS 

Historical water use is evaluated in this section and used to develop water demand factors for 
various types of service (e.g. residential, commercial and industrial).  Water demand factors 
represent the historical water use for the various types of development.  The water demand 
factors coupled with land use data developed in Section 3.4 will be used to project future water 
demands along with appropriate peaking factors.  The information developed in this section will 
be used to assess water supply and treatment, distribution, and storage requirements. 
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3.6.1 SUMMARY OF WATER PRODUCTION AND PEAKING FACTORS 

Water production rates from the District’s existing treatment plant were evaluated based on daily 
operating logs from 2003 through 2005.  Production data represents the amount of water 
produced at the District’s water treatment plant (WTP) and delivered to the distribution system as 
well as water used for operation of the plant including wash down and backwash water.  Review 
of the production data is useful to establish trends, peaking factors, and determine the amount of 
unaccounted water when coupled with usage and billing records. 

3.6.2 ANNUAL PRODUCTION 

The annual water production from the WTP is included in Table 3-4.  These figures represent 
total annual water production, which includes backwash water used to clean the filters, which 
amounts to approximately 20 million gallons annually, but depends on the frequency and 
duration of backwashes. 

Table 3-4 
Annual Water Production 

Year Water Production, MG Annual Rainfall Total[a] 

2003 336.3 48.66 

2004 386.5 35.17 

2005 361.4 72.31 

[a] Source: California Department of Water Resources (CDEC), historical accumulated precipitation, 
Foresthill Ranger Station.  Precipitation reported is water year (October 1 through September 30), 
beginning in October 2002. 

 
Monthly water production patterns from 2003 through 2005 are shown graphically in Figure 3-3.  
As expected, production rates increase during the spring and summer during the warmer weather 
months then tail off from September through the winter.  The trend seems to be increasing over 
time with the exception of the 2005 data; however rainfall in water year 2005 was significantly 
higher than the reported average of 50.82 inches per year and likely reduced the overall water 
demands during that particular year. 

3.6.3 UNACCOUNTED WATER 

Unaccounted for water is that which is produced and distributed but is not sold or metered.  
Sources of unaccounted water include: 

� Leaks  
� Slow meters  
� Theft  
� Fire protection 
� Un-metered construction water used for flushing pipelines 

Table 3-5 includes a summary of historical production and metered water data.  The backwash 
water is not considered to be unaccounted water and was subtracted from the annual totals shown 
in the table.  Unaccounted water has ranged 6 to 12 percent between 2003 through 2005, which is 
considered excellent.  Factors contributing to the District’s low unaccounted for water include: 



Section 3 Land Use and Water Demand 

 
ECO:LOGIC Engineering  Foresthill PUD  
January 2008 3-8 Water System Master Plan 
FHIL06-001 

� An aggressive leak detection and repair program that minimizes the amount of water 
lost due to leaks. 

� Construction standards and inspections during construction to ensure new pipelines are 
designed and installed properly thus reducing future problems in the form of leaks. 

� Construction water program to meter construction water. 

� Good record keeping monitoring backwash water production and use. 

� All services are metered. 

Figure 3-3 
Monthly Water Production Data 
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Table 3-5 
Unaccounted Water 

Year 
Net Annual Production, 

Mgal[a] Annual Metered Water, Mgal Unaccounted Water, % 

2003 314.6 295.2 6 

2004 364.9 322.7 12 

2005[b] 325.4 292.1 10 

[a]  Annual production data is total production less backwash water. 
[b]  February 2005 data was thought to be inaccurate and thus not included in the totals.  February meter 

records report approximately 27 MG sold in February 2005; production data reported approximately 16.1 MG 
produced.  Discounting February 2005, the average monthly usage for February during the period reported 
was approximately 13.3 MG. 

 
The average unaccounted for water based on the 2003-2005 data is 9.3 percent.  Unaccounted for 
water must be included in future water demands projections.  For the purpose of estimating 
supply need to meet future water demands, an unaccounted water factor of 10 percent is used. 

3.6.4 PEAKING FACTORS 

Peaking factors are necessary to size treatment, storage and distribution system improvements.  
Key peaking factors expressed as multiples of baseline flows include the maximum day and peak 
hour demands and are discussed below. 

Maximum Day Water Production 

Maximum day demand is important and determines the treatment plant capacity and storage 
requirements.  Production data is typically the only daily data available because individual 
service meters are read on a monthly basis.  In the case of the District, the maximum day 
production would be expected to occur during July or August, as is the case with most systems.  
Maximum day and month data is summarized in Table 3-6. 

Table 3-6 
Maximum Day[a] 

Month of Max. Day 
Production 

Maximum Day Water 
Production, Mgal/d 

Maximum Monthly Water 
Production, Mgal/d 

2003 – June 2.32 1.8 (July) 
2004 – August 2.26 1.8 (July) 
2005 - August 2.25      1.8 (August) 

[a] Based on 2003-2005 water production data. 
 
Maximum day conditions were determined from plant production data and the ratio of maximum 
day to average annual ranged from 2.1 to 2.5, which are within the typical range.  For planning 
purposes the maximum day to average annual peaking factor of 2.5 is used. 

Peak Hour 

Peak hour demands are necessary for sizing distribution and pumping facilities.  Peak hour data 
is not available in most cases, including this one.  Therefore typical values must be used which 
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normally range from 1.5 to 1.7 times the maximum day flow.  A peak hour peaking factor of 1.7 
was used for developing demands within the District. 

Summary of Peaking Factors 

The peaking factors developed in this section are used for predicting future water demands and 
are summarized in Table 3-7.  The various peaking factors are important for sizing facilities. 

Table 3-7 
Water Use Peaking Factors 

Year Max Month/Annual Average[a] Max. Day/Annual Average[b] Peak Hour/Max. Day[c] 

2003 1.775 / 0.921 = 1.9 2.32 / 0.921 = 2.5 - 

2004 1.811 / 1.056 = 1.7 2.256 / 1.056 = 2.1 - 

2005 1.828 / 0.990 = 1.8 2.246 / 0.990 = 2.3 - 

Average 1.8 2.3 1.5 – 1.7 

Value Used[d] N/A 2.5 1.7 

[a] Based on Peak Month production, converted into per day units (Mgal/d). 
[b] Based on Maximum Daily production, and Annual Average Daily production, with units of Mgal/d. 
[c] Peak hour flows are not recorded and typical values from published data are used. 
[d] Peaking factor used for projecting future flows in this report. 
 

3.7 WATER DEMAND FACTORS 

Improvements to the water supply system necessary to serve future growth depend on the 
magnitude and location of the water demands throughout the system.  For master planning 
purposes, it is convenient to express demands for each type of development based on a unit 
demand factor such as gallon per acre per day (gpad), gallon per capita day, or gallon per 
connection per day.  The water demands factors are then applied to land uses throughout the 
service area to project water demands.  Water demand factors are developed in this section. 

The District’s billing records are very complete and provide excellent information for developing 
historical water use.  Data are collected and maintained from the billing records and include the 
type of service, meter size, and consumptive use information. 

Annual average water demands were developed for each type of customer summarized below, 
and the resulting demand factors are shown in Table 3-8. 

� Residential. Represents single-family dwellings on one parcel. 

� Multi-family Residential.  Represents two or more dwelling units on one parcel 
(served by a single meter). 

� Commercial.  Represents the range of commercial uses including office space, hotels, 
restaurants, convenience stores, veterinary hospitals, medical offices, dental offices, day 
care centers, banks, laundry mats, carwashes, warehousing, schools and churches. 
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� Industrial.  Represents the range of industrial uses allowed by County land use 
regulation.  However, given the nature of existing uses in the Foresthill area and 
comments made by CDA and District staff, the Industrial property within the District 
service area is expected to consist primarily of light industrial or commercial uses in the 
future. 

Water usage data included in Table 3-8 is based on the 2003-2005 billing records and a 
comparison with the demand factors developed in the 1992 Water Master Plan.  The 1992 Water 
Master Plan adjusted water demands in anticipation of an increase in the pattern of consumption 
within the District over time (aka consumption creep).  The 1992 Master Plan added a factor of 
35 percent to the total demand within the District as a means of accounting for consumption 
creep. 

Table 3-8 
Water Use Comparison, gpd/unit 

1992 Water Master Plan [b] 
Water User 2003 – 2005[a] 

Uncorrected[c] Corrected[d] 

Residential 378 303 430 

Multi-family Residential[e] 244 234 330 

Commercial 1,389 1004 1,420 

Industrial[f] 219 159,000 159,100 

[a] Calculated from 2003, 2004, and 2005 meter data. 
[b] Based on Water System Master Plan, Giberson & Associates, 1992. 
[c] Usage does not include unaccounted water loss of 5%, or the 35% increase factor included in the 1992 plan. 
[d] Corrected values include 5% unaccounted water and the 35% increase factor – these values were previously 

used for projecting water demands within the District in the 1992 Water System Master Plan. 
[e] Based on 330 existing Multi-family Residential units (per discussions with Foresthill PUD). 
[f] Based on current industrial uses; 1992 industrial usage was much higher as a result of the lumber mill operation, 

which is no longer in service. 
 
As noted in the table, the lumber mill was in operation and water was supplied from the District.  
The milling process was water intensive, and skewed the industrial water demand factor upwards 
to around 159,000 gpd/unit.  The mill is no longer in operation; therefore the Industrial water 
demand numbers derived from the 2003 – 2005 meter data are considerably lower.   For future 
planning purposes it is assumed that industrial development will not include water intensive 
development such as the lumber mill. 

The “uncorrected” values in Table 3-8, represent actual usage for the various services and are 
directly comparable to recorded water use rates shown between 2003-2005.  Water usage within 
the District has in fact increased as predicted in the 1992 Water Master Plan. 

The increase usage rate is likely due to changing demographics within the foothill community as 
a whole.  In 1992, Foresthill was somewhat isolated due to its location and many of the homes 
were used for vacationing and seasonal use.  Recent improvements to Foresthill Road have made 
access to the area safer and faster.  Due to the relatively high cost of land in Placer County and 
the desire to develop in Placer County, the demographics are changing in the foothills.  This 
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change is affecting other foothill communities along the Interstate 80 corridor including Meadow 
Vista, Weimar, Colfax and Alta. 

As a result of the overall trend affecting the demographics of the foothills generally and recent 
roadway improvements, more people are moving to Foresthill as a primary residence, and new 
homes being constructed are more typical of neighboring communities such as Auburn.  These 
homes are generally larger with more significant landscaping, which are two of the primary 
factors affecting residential water use.  

Water use within the District was compared with neighboring communities in the 1992 Water 
Master Plan.  At that time, water use within Foresthill was about 30 percent lower than the 
neighboring communities.  Residential water use is still lower in Foresthill than compared to 
neighboring communities as discussed in Section 3.2.1 below.  Factors previously cited that 
contributed to lower unit demands within the District at the time the 1992 Water Master Plan was 
developed included type of landscaping (limited), home size, and lifestyle of residents in 
Foresthill, many of which are no longer valid. 

Therefore it is prudent to assume consumptive use will continue to increase.  The extent of the 
increase cannot be known.  The best indication is likely other communities in the area.  These are 
considered to be the most appropriate factors to apply in projecting future demand.  The 
recommended water demand factors for estimating future water demands is included in 
Table 3-9. 

Table 3-9 
Recommended Water Demand Factors 

Water User Annual Average Water Demand Factor, gpd/unit[a] 

Residential 450 

Multi-family Residential 330 

Commercial 1,420 

Industrial 250 

[a] Does not include unaccounted water.  Residential and multi-family residential factors 
listed are in units of gpd/EDU.  Commercial and industrial factors are in units of 
gpd/connection. 

 

3.7.1 WATER USE COMPARISON 

In an effort to provide context to the foregoing analysis, water demands reported by a number of 
neighboring water agencies are presented in Table 3-10.  The data in Table 3-10 support the 
usage data presented here for the District.  It should be noted that the District, unlike neighboring 
water purveyors, supplies only treated water for all uses.  Some of the other agencies listed 
provide raw (or recycled) water to users with significant irrigation demand, which is not reflected 
in the unit consumption rate.  The District does not currently provide, nor are they planning to 
install a dual system to provide irrigation water for customers. 
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Table 3-10 
Neighboring Water Agency Demands (gpd/unit)  

Classification Roseville [a] Georgetown 
Divide [b] El Dorado [c] PCWA [d] Foresthill [e] 

Residential 403 420 545 621 378 
Multi-Residential 4,709 - 232 - 244 
Commercial 825 1,654 1,446 1,857 1,389 
Industrial 110,166 - - 2,166 219 

[a] Projected 2005 data; Source: 2005 City of Roseville Urban Water Management Plan, Table 2-8 and 
Table 2-9. 

[b] Average from 2003 – 2005 use data. Source: Georgetown Divide PUD 
[c] Average from 2003 – 2005 use data. Source: El Dorado Irrigation District (EID) 2006 Water Resource and 

Service Reliability Report. 
[d] PCWA, Zone 1, Upper (Auburn and Newcastle). Source: PCWA Integrated Water Resources Plan, August 

2006. Residential (at <1 EDU/acre) units are gpd/EDU.  Commercial and Industrial units are gpd/acre. 
[e] Average from actual 2003 – 2005 data. Multi-Residential based on 330 units. Source: Foresthill PUD. 
 

3.8 PROJECTED WATER DEMANDS 

The land uses and development projections discussed in prior sections have been combined with 
the water demand and peaking factors to project future water demands within the District.  
projected water demands are summarized in Table 3-11 based on the constrained build-out 
projections discussed in Section 3.4. 

Table 3-11 
Water Demand Estimates 

Demands Current Build-Out 1992 Water Master Plan 
Residential, gpd 673,200 2,025,000 1,662,380 
Multi-family Residential, gpd 80,500 165,000 317,460 
Commercial, gpd 121,800 238,000 191,700 
Industrial, gpd 250 62,500 159,100 

Average Day Demand (ADD), gpd [a] 875,750 2,490,500 2,330,640 
Production Current Build-Out  

Unaccounted Water (UA), gpd [b] 87,600 249,050  
Total Avg. Day w/UA, gpd [c] 963,350 2,739,550  
Max. Day Demand, gpd [d,e] 2,280,000 6,475,300  
Peak Hour, gpm [f] 2,650 7,525  

[a] Based on demands calculated from land uses and water demand factors. 
[b] Unaccounted water calculated at 10-percent of demands. 
[c] Based on ADD + UA. 
[d] MDD based on historical data from current condition. 
[e] MDD for build-out estimated based on (2.5 x ADD) + UA. 
[f] Peak hour demand estimated based on (1.7 x MDD) + UA. 
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The current average daily production demand is just under 1 MGD including unaccounted water.  
At build-out, the average daily demand is projected to be approximately 2.7 MGD, including 
unaccounted water. 

Unaccounted water is included and based on 10 percent of the demand.  Unaccounted water must 
be included for planning water supply and treatment plant capacity.  Unaccounted water is 
relatively constant and peaking factors do not apply; therefore unaccounted for water was added 
to the maximum day and peak hour demands values (not multiplied). 

The demand estimates included herein are slightly higher than those predicted in the 1992 Water 
Master Plan, which was written almost 15 years ago.  Although land uses used in the 1992 
document were based on the 1981 Community Plan, as was the case herein, the predicted 
demands are higher.  The increased demand is attributed to: 

1. Demand to develop in the Foresthill area has increased, and more properties are now 
primary residences as opposed to seasonal homes which increases water consumption rates; 

2. Homes being constructed are more typical of development in neighboring communities 
such as Auburn and Colfax, and are larger with outside landscaping, both factors that 
increase water demands; and 

3. Residential demand factors used in this analysis are higher.  The increase is due to the 
changing demographics and type of development occurring. 

Even using the increased demand factors for residential development, the unit demands are lower 
than surrounding communities with similar demographics. 

To conveniently express development as it relates to water demands within the District the 
concept of an equivalent dwelling unit (EDU) is introduced.  For the purposes of this Master 
Plan, an EDU represents the demand placed on the system by a single family residential unit, and 
is not necessarily representative of the number of service connections. 

The number of EDUs is calculated by dividing the total water production by the single family 
residential usage rate, including unaccounted water.  The estimated number of EDUs under 
current and build-out scenarios is summarized below, and calculated based on 450 gpd demand 
plus 10-percent unaccounted water (495 gpd/EDU).  An additional 3,588 EDU are anticipated 
through build-out. 

Current:  1,946 
Build-out:  5,534 

The annual water demand based on the average daily demand, including unaccounted water, 
under current and future demand conditions within the District boundary are as follows: 

Current:  1,079 acre-ft 
Build-out:  3,069 acre-ft 
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Section 4 
Water Supply Yield Study 

The estimated yield from the Sugar Pine Reservoir Project is calculated in this section.  The 
currently accepted estimated yield from the project was provided in the Water System Master 
Plan prepared in 1992 by Giberson & Associates, Inc. (the 1992 Master Plan).  The District 
desired to revisit the estimated yield by updating the historical data available since the 1992 
Water System Master Plan was prepared.  ECORP Consulting prepared the analysis with input 
from ECO:LOGIC and District staff.  Previous yield estimates utilized a statistical method using 
a Log Pearson Type III analysis, a drought scenario known as the design event, and data from a 
period of record from 1956 through 1991. 

In this study, two methods are used to calculate the estimated yield of the Sugar Pine Reservoir.  
The first includes an update of the Log Pearson Type III analysis using the District’s adopted 
Reliability Standard, and extending the period of record using an additional 12 years of stream 
flow data through 2003.  The yield is also calculated using the OASIS model, developed by 
HydroLogics, Inc.  Oasis is a comprehensive water resources systems modeling software which 
uses multiple input such as reservoir operating data (e.g. spills, releases, elevations, etc.), climatic 
conditions, and demand patterns and simulates the reservoir responses over time based on the 
input/outputs.  

This section presents the methods used for hydrology development, drought frequency analysis, 
yield determination and simulation, and presents the results. 

4.1 HYDROLOGY DEVELOPMENT 

Unimpaired daily flow records for North Shirttail Creek exist from 1956 through 1984.  After 
1985, flow records are impaired by Sugar Pine Reservoir operations.  Prior to the construction of 
Sugar Pine Dam, the daily USGS flow records were converted into acre-feet, and then 
accumulated into monthly volumes.  After the construction of the Dam, operations records were 
used to construct the hydrology used in the modeling analyses. 

Sugar Pine Reservoir operations reports contain approximately 2 records per week prior to 1991, 
and one record per week beginning 1991.  Reports contain more records during times of high 
flow or extremely high storage.  Chad Odell, Lead Treatment Plant Operator, explained how the 
data was collected, calculated and recorded.  Each record contains an average flow for the period 
since the last record for fish releases, spills, sleeve valve releases, and flows through Sugar Pine 
Pipeline.  The operation records also contain reservoir elevations and storage.  Spills from Sugar 
Pine Reservoir are calculated using reservoir elevations and the spillway rating curve.  Reservoir 
elevations from hourly operation diaries were acquired during times of high storage when 
operation records contain no data.  These records are accumulated into monthly volumes.  Inflow 
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to Sugar Pine Reservoir from North Shirttail Creek can be calculated from those monthly 
volumes as follows: 

Inflow = Δ EOM Storage + Sugar Pine Pipeline + Sugar Pine Fish Release + Sugar Pine Spills + 
Sugar Pine Sleeve Valve + Evaporation 

Inflow for the period of record is built from USGS records for 1 October 1956 through 31 July 
1984, and from the operations records for 1 August 1984 through 31 December 2003.  Monthly 
hydrology was used for this analysis. 

As a final check, the calculated inflow record was input into an OASIS model of the Foresthill 
PUD system.  For a calibration run, the reservoir releases to North Shirttail Creek and Sugar Pine 
pipeline were constrained to be equal to the historical releases.  Oasis model outputs of Sugar 
Pine storage were compared to historical storage to ensure that the inflow record and evaporation 
estimates are accurate.  The comparison of these two storage levels is shown in Figure 4-1. 

 

 

 

 

 

 

 

 

 

Figure 4-1 
Sugar Pine Storage 

As shown above, the model results indicate that the simulated storage and recorded storage are 
very close.  This indicates that the calculated inflow and evaporation estimates are reasonable for 
the 1984 through 2003 period.  Combining the USGS gage records prior to the construction of 
Sugar Pine Dam and the calculated inflow records after construction gives a complete record for 
the 1958 through 2003 period. 
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4.2 WATER SUPPLY RELIABILITY STANDARD 

Foresthill PUD has adopted a Water Supply Reliability Standard (Reliability Standard) as a 
method to determine the yield of the project.  The 1992 Master Plan defines the Reliability 
Standard as a 10-year drought followed by a 100-year drought followed by a mean year.  To 
determine these levels, the 1992 Master Plan analyzed 36 water years of annual yield from North 
Shirttail Creek, 1956 through 1991.  A frequency analysis was done to relate the magnitude of 
the periodic low annual yields from North Shirttail Creek to their frequency of occurrence 
through the use of Log-Pearson type III probability distributions.  From this analysis, annual 
volumes for a 10-year drought, 100-year drought, and a mean year were determined.  The mean 
used in the 1992 Master Plan was derived by performing a log transform of each of the calculated 
annual inflows to Sugar Pine, then calculating the mean of those logs.  The resulting mean log 
was then converted back to a flow by taking the anti-log of the mean log. 

These annual volumes were distributed to a monthly inflow using a predetermined pattern.  The 
mean year was distributed using a pattern based on the average of all 36 years.  The drought 
years were distributed using a pattern based on the average of the 9-lowest years.  A water budget 
was developed to track system storage through this three-year period.  The 1992 Master Plan 
reports that the District can reliably deliver 2610 acre-feet per year.  During the 10-100-mean 
sequence, the minimum reservoir volume is calculated to go down to 1349 AF. 

4.3 DROUGHT FREQUENCY ANALYSIS 

The analysis for the 1992 Master Plan used annual flow data from 1956 through 1991.  The 1992 
Master Plan reports that prior to construction of Sugar Pine Reservoir, the Bureau of Reclamation 
collected flow data on North Shirttail Creek from 1955 through 1985.  Since 1985, the District 
has been collecting operational data and calculating the inflow to the reservoir.  Figure 4-2 
illustrates both the data used for the 1992 Master Plan, and the data developed by ECORP. 

The period used for computing the annual inflow by the 1992 Master Plan is from 1 June through 
31 May.  For comparison of the annual inflow, the new data was also totaled from 1 June through 
31 May.  However, this period reduces the number of years available for comparison.  The 
published USGS gage data for North Shirttail Creek begins in October of 1956.  Because the 
1992 Master Plan uses a June through May “water year”, the first complete “water year” doesn’t 
begin until June of 1957.  The method used in the 1992 Master Plan includes June 1957 through 
December 1957 in “water year” 1958.  Therefore, the period of record for this updated analysis is 
from 1958 through 2003.  Much of the data during the 1958 through 1991 period is very similar 
with the exception of 1976, 1989, and 1990.  The differences in 1989 and 1990 may be explained 
by the way the sleeve valve and spill data is interpreted.  The reason for the differences in the 
1976 annual total is unknown. 

Because the 1976-77 period is before the construction of Sugar Pine reservoir, the flow data 
comes from the USGS gage #11426400 records, not operational records.  The differences in 1976 
are of particular concern because the 1976-77 drought is the driest two year period for the 1958 
through 2003 period of record and it defines the critical period for this system.  The 1976 and 
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1977 critical period is more severe than the design event described in the Reliability Standard and 
should be used to help define drought operations policy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2 
Annual Inflow, North Shirttail Creek 

 

4.4 LOG PEARSON TYPE III ANALYSIS OF 1958 – 2003 HYDROLOGY 
DATA 

Using the June through May annual inflow totals, a Log Pearson Type III distribution was 
performed on the 1958 through 2003 annual inflow data.  Table 4-1 is a summary of the analysis.  
The results of the Log Pearson Type III analysis are located in the Appendix A. 

Using the results of the Log Pearson Type III analysis, a simulation study was done using the 
reliability standard method.  The updated analysis confirmed the yield calculated in the 1992 
Master Plan.  A comparison of the Master Plan and updated annual yield values are shown in 
Table 4-2.  The inclusion of 13 years of updated data hasn’t significantly changed the 
distribution. 

Figure 4-3 illustrates the annual inflow to Sugar Pine Reservoir for the 1958 through 2003 period 
and a plot of the statistical 5, 10, 25 and 100 year droughts and the mean annual flow derived 
from the drought frequency curve. 
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Table 4-1 
Annual Inflow Summary 1958 - 2003 

Water Year of Approximate 
Magnitude 

Annual Yield 
(ac-ft) 

Probability of 
Recurrence 

Approximate Recurrence 
Interval 

1977 700 1% 100 year 

N/A 1,100 2% 50 year 

1976 1,750 4% 25 year 

1988 3,350 10% 10 year 

1991 5,650 20% 5 year 

N/A 10,900  Anti-log of mean log 

N/A 12,800 50% 2 year 

1962 14,400 56% Measured/Calculated Average 

 

Table 4-2 
Master Plan and Updated Annual Yield Values Comparison 

Master Plan Annual Yield [a] 
(ac-ft) 

Updated Annual Yield [b] 
(ac-ft) 

Approximate Recurrence 
Interval 

600 700 100 year 

1,000 1,100 50 year 

1,400 1,750 25 year 

3,000 3,350 10 year 

5,500 5,650 5 year 

10,700 10,900 Mean 

12,800 12,900 2 year 

14,400 14,400 Measured Average 

[a] Based on Water System Master Plan, Giberson & Associates, 1992. 
[b] Based on results of the current study. 

4.5 SIMULATION MODEL DEVELOPMENT 

A simulation model of Sugar Pine reservoir was developed to evaluate the period of record 
operations and the design event as described in the Reliability Standard.  Assumptions used in the 
simulation model include the physical characteristics of Sugar Pine reservoir, storage and 
diversion rights, downstream water rights, fish water release requirements and recreation 
requirements based on the Sugar Pine Fish Agreement dated 26 January 1967, and evaporation 
and rainfall information.  With the exception of the physical characteristics of Sugar Pine 
reservoir, all the assumptions used in the simulation model were taken from the 1992 Master 
Plan.  Below is a summary of the assumptions. 
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North Shirttail Creek
Annual Flow Data
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Figure 4-3 

Annual Flow Data, North Shirttail Creek 

 
4.5.1 Direct Diversion Rights 

Under water right application No. 21945, the District has a direct diversion right of 18 cfs from 
1 November to 30 June.  This water is diverted directly from North Shirttail Creek. 

4.5.2 Diversion from Storage Rights 

Under water right application No. 21945, the District is allowed to store up to 15,400 acre-feet 
annually.  This water must be stored from 1 November to 30 June 

4.5.3 Fish Flow Requirements  

Fish flow requirements are based on the Sugar Pine Fish Agreement, 26 January 1967.  The 
reservoir must release 5 cfs from 1 February to 31 May, and 2 cfs from 1 June through 
31 January.  These releases are limited to reservoir inflow when inflow is less than the required 
release.  When reservoir inflow is less than 0.5 cfs, fish flow requirement is 0.5 cfs. 

4.5.4 Downstream Water Rights 

The District has downstream obligations of 183 acre-feet annually, on the following pattern: 

January:  4 acres July:  32 acres 

February:  4 acres August:  32 acres 
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March:  6 acres September:  20 acres 

April:  20 acres October:  15 acres 

May:  20 acres November:  4 acres 

June:  2 acres December:  4 acres 

These demands are limited to the reservoir inflow. 

4.5.5 Recreation Requirements 

The Sugar Pine Fish Agreement, 26 January 1967, also outlined recreation requirements for 
Sugar Pine Reservoir.  A minimum pool of 3,560 acre-feet should be maintained except to meet 
fish flow requirements or downstream obligations.  A minimum pool of 1,100 acre-feet must be 
maintained regardless of demands. 

4.6 STUDY RESULTS 

Four studies were completed for this analysis.  Studies one and two were developed for the 
specific purpose of duplicating the Supply Reliability method contained in the 1992 Master Plan.  
The method was applied to both the current reservoir size and to an enlarged Sugar Pine 
Reservoir.  Studies three and four were developed to identify and evaluate the 1976 and 1977 
critical period for the project through a simulation analysis.  The following is a list of the studies. 

1. Design event analysis for the existing Sugar Pine configuration 

2. Design event analysis for the enlarged Sugar Pine configuration 

3. Period of record study for the existing Sugar Pine configuration 

4. Period of record study for the enlarged Sugar Pine configuration 

STUDY 1 – LOG PEARSON ANALYSIS – EXISTING RESERVOIR 

Study 1 was included to update the 1992 Master Plan determination of average annual delivery 
using the design event.  As mentioned above the design event is a 10-year drought followed by a 
100-year drought followed by a mean year.  The results of this study indicate that approximately 
2,750 ac-ft per year could be delivered during the design event.  This is slightly more than the 
2,610 ac-ft reported in the 1992 Master Plan.  As in the 1992 Master Plan, a storage buffer was 
preserved in the reservoir as a safety measure.  The minimum pool for this study was 1364 ac-ft.  
The Study 1 operations table is included in Appendix A. 

STUDY 2 - LOG PEARSON ANALYSIS – ENLARGED RESERVOIR 

Study 2 also includes the design event described in the 1992 Master Plan.  However, rather than 
using a 7,000 ac-ft reservoir, this study assumed that Sugar Pine reservoir could impound 10,658 
ac-ft.  Along with the increase in the size of the reservoir, the agreement with the Bureau of 
Reclamation limiting the maximum diversion of 2,800 ac-ft was removed.  All other assumptions 
remained.  The results of this study indicate that approximately 4,150 ac-ft per year could be 
delivered during the design event.  As in study 1, a storage buffer was preserved in the reservoir 
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as a safety measure.  The minimum pool for this study was 1355 ac-ft.  The mean year was not 
wet enough to refill the increased reservoir by the end of the design event, however by May of 
the mean year the reservoir storage reached 8,785 ac-ft.  The results of this study reflect current 
operating criteria.  It is likely that any environmental review process necessary for modification 
of the dam or spillway gates would result in changes to the flow and storage requirements.  These 
potential changes may influence the District’s ability to deliver water and a new yield study 
should be performed if operating criteria change.  The Study 2 operations table is included in 
Appendix A. 

STUDY 3 – OASIS SIMULATION – EXISTING RESERVOIR 

Study 3 includes the 1958 through 2003 period of record and the current operating assumptions 
to determine the critical period for the project.  The results of this study indicate that May 1975 
through January 1978 is the critical period.  The historic inflow records indicate that 1976 and 
1977 period is approximately equal to a 25 year drought followed by a 100 year drought.  During 
this critical period the annual average delivery is 2,150 ac-ft.  Unlike the previous two studies, 
literally no storage buffer remained in the reservoir.  The minimum pool in this study is 1,120 ac-
ft.  The May 1975 through January 1978 historical sequence is worse than the design event and 
could be used to determine drought operations policy.  As annual demands increase to near 2,000 
ac-ft, the District should be prepared to impose deficiencies on customers during drought events 
such as the critical period.  The Study 3 operations table is included in Appendix A. 

STUDY 4 - OASIS SIMULATION – ENLARGED RESERVOIR 

Study 4 also includes the 1958 through 2003 period of record.  As in study 2, Sugar Pine 
Reservoir storage capacity was increased to 10,658 ac-ft and the agreement with the Bureau of 
Reclamation limiting the maximum diversion of 2,800 ac-ft was removed.  The results of this 
study indicate that May 1975 through March 1978 is the critical period for this scenario.  When 
compared to the current facility size, two additional months of inflow were needed to refill the 
increased reservoir capacity.  The results of this study indicate that approximately 3,450 ac-ft per 
year could be delivered during the critical period.  The minimum pool for this study was 1,385 
ac-ft.  As in Study 2, the results of this study reflect current operating criteria.  It is likely that any 
environmental review process necessary for modification of the dam or spillway gates would 
result in changes to the flow and storage requirements.  These potential changes may influence 
the District’s ability to deliver water and a new yield study should be performed if operating 
criteria change.  The Study 4 operations table is included in Appendix A. 

4-7 CONCLUSIONS  

The analyses contained in this section were used to estimate the yield of the project using a 
hydrology that began in 1957 and was extended from 1991 through 2003.  The hydrology 
development process was used to not only extend the hydrology, but also verify the hydrology 
used in the 1992 Master Plan.  A verification process was used to identify annual total volumes 
that were inconsistent with those in the 1992 Master Plan.  Although most annual volumes were 
nearly identical, 1976, 1989 and 1990 were significantly different.  Differences in annual 
volumes for 1989 and 1990 can be explained by differences in interpretation of the operations 
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records, but the difference in the annual volume for 1976 is unknown, which is the critical period 
for the system. 

The Log Pearson Type III analysis was performed on the extended hydrology dataset to identify 
annual volumes for the 10 year, 100 year and mean year drought scenarios.  This sequence is 
called the Design Event and is used as part of the Reliability Standard to compute the yield for 
the project.  Using this method with the extended hydrology record, the updated yield of the 
project is approximately 2,750 ac-ft, which is slightly higher than 2,610 ac-ft reported in the 1992 
Master Plan.  However, the analysis identified the 1975 through 1978 period as the critical period 
for the project and is more severe than the Design Event.  Further analysis using a simulation 
based on the critical period identified that the annual delivery during the 1975 through 1978 
period is approximately 2,150 ac-ft, significantly less than that calculated using the Design Event 
based on statistical analysis. 

Additional studies were done to evaluate the water supply benefits of an enlarged Sugar Pine 
Dam.  Using the Design Event, the yield of the project is 4,150 ac-ft.  Using the 1975 through 
1978 critical period, the annual delivery is approximately 3,450 ac-ft.  Due to the severity of the 
1975 through 1978 drought, the District may want to use this period to develop drought 
operations policy or may want to consider using it to revise the determination of project yield. 

As discussed in Section 3, under current development, approximately 1,079 acre-ft of water is 
needed to meet the current level of development and is well below the estimated reservoir yield 
during the critical design period.  However, under the build-out condition, approximately 
3,069 acre-ft of water is needed to meet projected demands.  Under the current reservoir 
configuration conservation during the critical dry period would be required and is discussed in 
more detail in Section 8 of this report. 
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Section 5 
Water Treatment Facilities 

Water treatment facilities are discussed in this section, including a description of existing 
facilities currently in operation and improvements to correct existing deficiencies and expand the 
capacity to serve future growth. 

5.1 EXISTING SYSTEM 

Existing raw water conveyance, treatment, and storage facilities are discussed in this section.  
Figure 5-1 includes a schematic of the overall raw water storage/supply, treatment processes and 
treated water storage facilities.  Figure 5-2 includes a site layout with major facilities shown.  
Descriptions of the facilities are included below. 

5.1.1 RAW WATER SUPPLY 

The District’s primary water supply is North Shirttail Creek.  Sugar Pine Dam was constructed 
on North Shirttail Creek by the Bureau of Reclamation (the Bureau) in the 1980’s.  The District 
purchased the project from the Bureau in 2003.  The storage impoundment behind the dam is 
referred to as the Sugar Pine Reservoir. 

Raw water from the Sugar Pine Reservoir is piped to the 40-acre foot storage reservoir.  Water is 
conveyed from Sugar Pine Reservoir through approximately eight miles of ductile iron pipeline 
ranging in diameters from 27 to 24-inches.  The 40-acre foot reservoir can also be filled with 
water from Mill Creek.  Flow from Mill Creek is maximized to preserve the storage capacity in 
Sugar Pine Reservoir. Flow into the 40-acre foot storage reservoir is controlled through a 
pressure/flow regulating structure located near the 40-acre foot reservoir.  The level in the 
reservoir is controlled automatically by a float sensor. 

Raw water is conveyed to the treatment plant by gravity through a 21-inch diameter pipeline.  
Raw water entering the treatment plant is metered through a flow tube located in a vault outside 
of the treatment plant.  Plant flow is controlled through a rate of flow control valve located at the 
filter outlet manifold. 

5.1.2 TREATMENT SYSTEM  

The treatment plant is considered a direct filtration plant.  Two dual media pressure filters 
provide treatment.  Table 5-1 includes the basic design criteria for the treatment plant.  Two steel 
pressure filters provide filtration.  Each filter has an area of 364 ft2 each filter has two cells.  The 
allowable loading rates for dual media pressure filters is 3 gallons per minute per square foot 
(gpm/ ft2), resulting in a maximum allowable flow of 1,092 gallons per minute (gpm) per filter.  
The total flow is 2,184 gpm, or 3 million gallons per day (nominal). 
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Figure 5-1 
Existing Water Treatment Plant Schematic 
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Figure 5-2 
Existing Treatment Plant Site Plan 
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Table 5-1 
Water Treatment Plant Design Criteria 

Parameter Value 

Plant Flow (nominal) [a]  2,083 gpm (3.0 MGD) 

Filter Rate 3.0 gpm/ft2 

Filter Area (Total) 728 ft2 

Filter Area per Cell 182 ft2 

Filters Two 2-cell,   9.5’ Dia. x 39’4” 

Backwash Rate (max)  18 gpm/ft2 

Filter Rate for Backwash (max) 8.5 gpm/ft2 

Backwash Supply Pump 3,200 gpm at 18.4’ TDH 

Backwash Return Pumps 140 gpm at 54’ TDH 

Surface Wash Pump 150 gpm at 250’ TDH 

[a] Capacity with both filters in service at maximum loading rate. 
 
The filter media is a dual media type supported on a coarse sand and gravel base.  The top media 
is anthracite coal while the second level of the dual media is finer grained filter sand.  The media 
is selected to provide a course to fine grading.  As the water moves through the media, larger 
impurities are removed in the upper layer of the filter bed.  Finer particles are removed in the 
lower layer of the filter bed.  The under drain system is supported by a gravel bed which provides 
structural support, and prevents the filter sand from migrating into the underdrain. 

Filters are backwashed one at a time as required.  When backwash is initiated, one cell is 
backwashed at a time.  The filtered water from the three remaining cells serves as the backwash 
supply to the cell being backwashed in reverse direction to remove trapped solids.  The multi-cell 
configuration and ability generate backwash supply water eliminates the need for backwash 
supply storage.  The tops of the filter beds are agitated by the surface water system which breaks 
up any surface cakes.  Operations staff may initiate backwashes manually based on effluent 
quality and/or pressure loss through the filters.  Once initiated, automatic control valves actuate 
to accomplish the backwash.  During a backwash cycle treated water is not being produced and 
the system is supplied from storage. 

Spent backwash water is discharged to a series of backwash ponds which are used to store and 
treat the water to remove solids.  The original intent of the design was to allow solids to settle out 
in the backwash ponds, and pump the clarified supernatant back to the treatment plant where it 
would mix with raw water and pass through the filters.  The backwash recycle line is currently 
plumbed to return the supernatant directly in front of the filters.  Operations staff has found that 
returning the backwash water directly in front of the filters negatively impacts the filter effluent 
quality. 

To avoid impacting the effluent quality, the backwash storage basins have been expanded and 
provide enough capacity that the backwash water evaporates and percolates and there is no need 
to recycle the backwash water.  No backwash water is discharged offsite. 
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A cationic polymer is used for coagulation/flocculation.  The coagulant is injected into the 
21-inch raw water pipeline from the 40-acre foot reservoir.  No mixing devices are employed in 
the process.  Floc form as the water mixes in the pipeline which increases the solids removal 
efficiency of the pressure filters.  The existing treatment plant is considered a direct filtration 
plant by the CDPH. 

Sodium hypochlorite is used as a disinfectant.  District staff recently converted from chlorine gas 
to liquid to eliminate the hazards associated with chlorine gas.  The sodium hypochlorite is 
pumped from a bulk storage tank to the injection point located just upstream of the filters.  
Ideally, chlorine is added after filtration to reduce the potential for the formation of 
trihalomethanes; however to increase the chlorine contact time to achieve adequate inactivation 
of Giardia the chlorine is added just upstream of the filters to receive contact time through the 
filters.  Prechlorination prior to filtration does not create elevated trihalomethane concentrations 
in the water supply because the extremely low concentration of organics in the source water. 

Hydrated lime is used to adjust pH.  Hydrated lime is fed from a dry hopper into a small mixing 
tank where a concentrated lime slurry solution is rapidly mixed and discharged into the treated 
water pipeline just downstream of the filters. 

The existing treatment facility produces excellent quality water.  The facilities are maintained 
very well.  Under the current plant piping configuration, maintaining adequate contact time for 
disinfection requires special operating and sampling procedures.  District staff is currently 
working towards a solution to address that problem as discussed below. 

5.1.3 TREATED WATER STORAGE AND CHLORINE CONTACT TIME (CT) 

Treated water is discharged from the filters and enters the distribution system.  Three 
430,000-gallon bolted steel tanks are located on the southwest corner of the treatment plant site 
providing about 1.3 Mgal of treated water storage.  In their current configuration the tanks “ride 
the line” whereby the tanks are connected to the main transmission pipeline via branched tees 
with a lateral to the tank(s) as shown on Figure 5-2. 

Treated water flows directly into the distribution system, or splits whereby some of the water 
enters the tanks, while the remaining water enters the distribution system.  The proportionality 
depends on system demand.  Under peak demand periods the majority of the water from the 
treatment plant bypasses the tanks altogether and enters the distribution system directly. 

Treated water storage provides a number of functions including: 

� Flow equalization 
� Emergency storage 
� Fire flow storage 
� Residence time for chlorine contact time 

The current tank configuration provides no effective storage that the CDPH credits toward the 
CT.  The residence time is obtained through the filters, processes and transmission pipelines.  In 
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order to receive that credit, the chlorine residual must be measured at the first service in the 
system on a daily basis, which is cumbersome.  That operational approach is complicated when 
the tanks are full and the treatment plant shuts down.  The chlorine residual drops significantly 
when the water sits stagnant in the filters.  As a result, the initial slug of water leaving the filters 
on start-up has a lower than normal amount of chlorine. 

To avoid the dip in chlorine residual on start-up, operations staff attempts to adjust the plant flow 
rate to run continuously without shutting down.  Achieving continuous operation is difficult 
without allowing significant drawdown of the tanks.  Currently maximum day demands are near 
2.5 MGD.  In the event of a plant failure, operators must have the treatment plant back online 
within 12 hours or risk the distribution system running out of water, so allowing the tank levels to 
drop increases the potential risk of a water supply emergency in the event of a problem. 

The chlorine contact time problem can be mitigated by reconfiguring the piping into the tanks 
and ensuring the water enters one or more of the tanks prior to entering the distribution system, 
and is discussed in more detail later in this section.  Aside from the CT problem, operational 
storage within the system is currently adequate, but considered to be at the low end of normally 
accepted ranges especially given the remote location and rural nature of the District service area 
with threats of wildland fires that can drastically increase fire flow demands.  Recommended 
storage improvements are discussed in Section 5.2. 

5.1.4 BOOSTER PUMP STATION 

Treated water from the water treatment plant flows directly into the gravity distribution system 
that serves the lower elevation of the District.  The booster pump station (BPS) is supplied 
directly from the 21-inch transmission main via a 12-inch suction pipeline, and serves the higher 
elevations of the system east of the treatment plant site, and provides auxiliary flow to lower 
portion of the system through a pressure reducing/pressure sustaining station across the street 
from Walter Way. 

The pumping equipment and respective capacities are included in Table 5-2. 
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Table 5-2 
Booster Pump Station 

Pump Quantity Motor Size Design Point 

Low Capacity Pumps 2 25 HP 400 gpm @ 154’ TDH 

High Capacity Pumps 2 75 HP 1,200 gpm @ 160’ TDH 
 
The 25 HP pumps operate during normal conditions, and the larger 75 HP pumps are intended to 
provide fire flow.  All four pumps are centrifugal type horizontal end suction units.  Pumps are 
controlled automatically by a pressure transducer located in the building. 

A 10,000 gallon hydropneumatic tank provides an air cushion and equalization to prevent the 
pumps from cycling rapidly.  A 180 KW propane generator provides back-up power in the event 
of a power outage.  The generator is sized to operate all the pumps.  The generator automatically 
starts and an automatic transfer switch (ATS) automatically switches to the generator power.  

5.2 TREATMENT PLANT IMPROVEMENTS 

Improvements to the existing treatment facility are discussed in this section.  The proposed 
treatment plant layout at the build-out condition is shown on Figure 5-3.  The improvements will 
be constructed in phases as additional capacity is required.  Improvement phasing is discussed in 
Section 5.4. 

The improvements included herein are based on a planning level analysis used to determine the 
nature of improvements and planning level costs.  Prior to implementing improvements, a 
preliminary engineering report must be completed to confirm the assumptions used to develop 
the improvements identified herein.  As discussed below, a major assumption is that continued 
use of the pressure filters will be approved for future expansions, possibly with the addition of 
roughing filters.  The Long-Term-2–Enhanced Surface Water Treatment Rule now applies to 
small systems, and requires that the raw water quality be analyzed for bacteriological 
contamination.  Results of that test may require that more treatment be provided in the future. 

Prior to implementing any of the suggested improvements included herein the District will 
comply with the California Environmental Quality Act (CEQA) and prepare the necessary 
documentation depending on the nature of the improvements.  The District may also be subject to 
the National Environmental Protection Act (NEPA) and other Federal regulations depending on 
the nature of the project and funding sources.  The determination of necessary documentation to 
comply with CEQA, and possibly NEPA, should occur during the predesign phase of the project 
when the specific nature of the improvements are known. 

5.2.1 RAW WATER SUPPLY 

The existing raw water supply facilities are adequate, function well and no improvements are 
recommended. 
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Figure 5-3 
Treatment Plant Site Plan Buildout - 6 MGD 
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5.2.2 TREATMENT FACILITIES 

Improvements associated with increased plant capacity are discussed in this section.  Planning 
level costs are provided for the improvements. 

Filter Capacity.  The original treatment plant was designed to accommodate two additional 
filters within the existing building, sized and configured similarly to the existing filters.  Each 
filter provides a nominal capacity of 1.5 MGD at the approved loading rate.  Future filter 
capacity expansions will be accomplished by adding additional filters and appurtenances. 

With four filters in service the filter capacity will be 6 MGD.  The projected maximum day 
demand is about 6.5 MGD, slightly higher than the capacity the treatment plant was originally 
designed for.  The additional capacity needed could be provided by providing slightly larger 
filters with more capacity, or by adding a fifth filter in the future, which is considered the 
preferred alternative, as described below. 

By adding the fifth filter, about 7.5 MGD additional filter capacity would be provided, but more 
importantly, there would be a redundant filter in available.  The existing filters have operated 
extremely reliably since 1982; however, pressure filters occasionally fail.  Typical failure points 
include: 

� Problems in the under drain such as broken laterals, 
� Failure of internal piping components, 
� Failure of the internal baffle separating the cells, and 
� General corrosion of the steel, including the shell. 

These types of problems require that the filter be taken out of service, and depending on the 
location of the problem, media removed.  While out of service the overall capacity of the 
treatment plant is reduced by 1.5 MGD.  During the winter, when demands are low, this would 
not be a problem.  However during peak demand periods, the demand would be higher than the 
available supply.  Under today’s demand, removing a filter from service would be problematic 
during the late spring, summer and fall. 

Finally, under current drinking water regulations, a redundant treatment unit is required on new 
treatment plants.  Although adding the redundant filter adds cost to the project, it is recommend 
and included in the project cost estimate, and would require an extension of the existing building.  
The redundant filter should be a high priority and provided as soon as funding is available. 

Pretreatment.  The existing water treatment plant is considered a direct filtration plant, which is 
an approved treatment method.  Direct filtration includes coagulation and flocculation followed 
by filtration, and excludes sedimentation.  Inline filtration is not an approved treatment process, 
and generally consists of the addition of coagulant immediately upstream of the filter units, with 
little or no time for coagulation and flocculation processes to occur.  The designation between a 
direct and inline filtration is not always clear, and the District’s system could be reclassified as an 
inline filtration process in the future.  Reclassification to inline filtration would require major 
upgrades to the existing facility.  Due to the high source water quality and long detention time 



Section 5 Water Treatment Facilities 

 
ECO:LOGIC Engineering  Foresthill PUD 
January 2008 5-10 Water System Master Plan 
FHIL06-001 

provided in the 21-inch raw water pipeline between the 40-acre foot reservoir and treatment plant 
which provides time to allow flocculation to occur prior to filtration, reclassification to inline 
filtration is unlikely; however, pretreatment could be required. 

Prior to the next treatment plant expansion, a Permit Amendment will be required from CDPH.  
During the amendment process, CDPH will evaluate the existing facilities in detail and there is a 
good possibility they will find that pretreatment will be necessary.  The industry trend has 
become more conservative with new drinking water regulations being implemented since 
adoption of the 1996 Safe Drinking Water Act Amendment. 

The addition of pretreatment processes at the District’s treatment plant has been included in this 
Master Plan.  Roughing filters would be installed just upstream of the existing filters.  The 
roughing filters will be similar to the existing filters, except the media is coarser.  The roughing 
filters will provide additional time for the coagulation process to progress and reduce the solids 
loading rate on the final (finishing) filters.  Roughing filters are typically designed with a loading 
rate of approximately twice that of the finishing filters.  Therefore one roughing filter of equal 
size would be able to pretreat water ahead of two finishing filters.  A total of two roughing filters 
would be required to pretreat up to the anticipated capacity of an expanded treatment plant 
(approximately 6 MGD).  A redundant roughing filter is not considered necessary, because they 
can be operated up to 10 gpm/ft2, which is three times the loading rate of the final filters if 
necessary, and could provide over 5 MGD of capacity (based on 364 ft2 – same size as existing 
filters).  Prior to implementing the roughing filters a pilot study is necessary to assess 
performance. 

A site plan is included in Figure 5-3 showing recommended improvements to the District’s 
treatment plant.  As shown, the new building and roughing filters would be installed to the east of 
the existing filter/control building, and oriented to allow continued access to the chemical fill 
station and the perimeter of the building.  Additional space would be desirable, and could be 
achieved by encroaching on the parcel to the east, and adjacent to the existing treatment plant 
site; however the availability of that property is unknown. 

The hydraulic head driving the water through the treatment plant derives from the differential 
pressure between the 40-acre foot reservoir and the treatment plant which is about 20-feet when 
the tanks are full and the reservoir is at its maximum elevation.  With this amount of available 
head, the addition of roughing filters would likely require pumping.  This is proposed to be 
accomplished with some relatively minor modifications to the existing backwash pump(s). 

Backwash Recovery System.  The backwash, filter to waste and instrument water must be 
contained on the site.  Typically these streams are recycled back into the treatment system after 
some form of processing to remove excess solids.  The current system is configured to return the 
backwash recycle stream directly in front of the filters and doing so negatively impacts the filter 
water quality.  As mentioned previously, District Operators have expanded the backwash storage 
basins to a size capable of evaporating and percolating all of the water. 
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As the system demand and production of treated water increases, the volume of backwash water 
will also increase.  The Backwash Recycling Rule requires that no more than 10-percent of the 
water applied to the filters is recycled water.  Further, special monitoring and treatment 
requirements apply.  To address these requirements, District staff plans to construct a pipeline up 
to the 40-acre foot reservoir which will convey and discharge the water into the basin. 

There is approximately 13 MG of water in the reservoir which will provide dilution in excess of 
the 10 to 1 ratio required in the regulations.  Operating in this way will simplify the controls of 
the backwash recycle pump station.  For the purposes of this report about 1,500 feet of 6-inch 
diameter pipeline was assumed necessary to make the transmission of backwash water to the 40 
acre-foot reservoir possible. 

Treated Water Storage.  Additional treated water storage at the site is needed to provided the 
required contact time for treatment, and provide reliability and equalization.  Proposed criteria 
used to determine recommended storage facilities are included in Table 5-3.  Storage volume for 
treatment is addressed below. 

Table 5-3 
Treated Water Storage Criteria 

  Volume, Mgal 

Storage Component Criteria Current Build-Out 

Equalization 25% of MDD 0.58 1.6 

Fire 2,000 gpm for 2 hours 0.24 0.24 

Emergency 75% of MDD 1.7 5.0 

Total --- 2.5 6.8 
 
As shown in Table 5-3 a minimum volume of 2.5 Mgal of treated water storage is recommended 
under current conditions and would eventually be expanded to nearly 6.5 to 6.8 million gallons at 
full build-out.  About one half of the storage could be provided at the treatment plant, and would 
help address the concerns with chlorine contact time that were discussed previously, while the 
remaining storage would be located within the distribution system. 

Minimum storage included in Table 5-3 is based on standard design criteria within the industry 
with a priority placed on emergency storage which often is around 25% of maximum day demand 
(MDD) in a typical system.  In addition, the Foresthill system warrants expanded storage for a 
number of reasons:  

� The system is isolated, and mobilizing crews to address emergency situations can take 
time. 

� Wild land fires are common in forested settings like the Foresthill Divide area.  During 
a wild land fire, water demands within the District will increase significantly, and the 
duration will be substantially longer than the two hours typically associated with a 
structure fire.  
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� There are no interconnections with other systems for emergency supply. 

� Portions of the transmission/distribution system is in extremely rough and remote 
country, and operates at high pressure.  Locating a large leak can take time, during 
which the storage will be depleted if the treatment plant can not keep up.  This has an 
added consequence in periods of critical water supply conditions whereby raw water 
yield may be affected as the treatment plant struggles to provide treated water to the 
system. 

� The transmission/distribution system is currently constructed with little looping.  
Adding storage within the distribution system would provide redundancy against 
pipeline failures. 

Provision of at least 75-percent of MDD emergency storage is recommend throughout the 
system.  This includes storage in the distribution system and at the water treatment plant.  The 
system storage will be added incrementally over time.  Incremental expansion is necessary due to 
funding limitations as well as the need to maintain circulation through the tanks during low 
demand periods to avoid stagnant water and associated problems. 

Onsite storage at the treatment plant is discussed in this section; distribution system storage is 
discussed in Section 6 of this report. 

Siting storage tanks at the treatment plant site is difficult due to physical and operational 
constraints.  The current storage tanks must remain online when the new tanks are being 
constructed; therefore locating the new tank(s) at that location is not possible.  There is a large 
open area in the northwest portion of the site which is currently used for backwash storage.  That 
location is about 10 to 15-feet lower in elevation than the existing tanks and constructing new 
storage in that location would require partially filling the area beneath the new tank(s). 

A second location for additional storage tanks is near the plant entrance gate and is shown on 
Figure 5-3.  The proposed site piping to and from the tanks is also shown.  Two 1 Mgal storage 
tanks are recommended.  By providing two tanks, they can be constructed in phases with the first 
occurring in the near future, while the second would be built as demands continue to increase.  
Two tanks also provide redundancy for major maintenance such as recoating where one can be 
removed from service without losing all the storage. 

Ideally the new tanks could be constructed with the same maximum water surface elevation as 
the existing tanks.  As planned that is not possible – the new tanks would need a diameter of 
approximately 78 feet and be filled to a normal operating level of 32 feet to provide a million 
gallons of storage each.  The existing tanks have a maximum water elevation of about 24 feet.  A 
hydraulic control valve would be needed to prevent the existing tanks from overflowing.  

The additional elevation in the new tanks would reduce the available head to drive water through 
the plant, and as with the roughing filters, could require use of a pump.  The existing backwash 
pump could be modified to allow operators to pump through the filters and fill the tanks. 
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Prior to selecting the location for the new tanks at the treatment plant site, a detailed hydraulic 
analysis, evaluation of soil conditions, and cost comparison should be completed to select the 
best alternative.  The District is pluming the tank modification on the existing tank to provide an 
inlet for tanks located behind the existing tanks in the event that site is selected. 

Chemical Feed Systems.  Chemical feed system improvements needed to expand the system are 
discussed in general terms.  As noted herein, relatively minor improvements are anticipated. 

The chemical feed systems include: 

� Cationic polymer for coagulation/flocculation 
� Sodium hypochlorite for disinfection 
� Lime for pH adjustment 

Polymer Feed System.  The polymer feed system is simple and consists of two chemical feed 
pumps, discharge piping and storage.  The chemical is delivered in 250 gallon totes.  As the 
demands increase, the chemical feed pumps may need to be replaced with larger units. 

Chlorine Feed System.  The chlorine feed system is similar to the polymer feed system and 
utilizes two pumps.  The District converted the gaseous chlorine system to liquid sodium 
hypochlorite and installed a 2,300 gallon bulk storage tank, which will provide ample storage at 
projected build-out flows. 

5.3 CAPITAL COST ESTIMATE 

Planning level costs for the improvements discussed in this section are included below in 
Table 5-4.  All costs included are based on 2007 cost levels.  The estimates include a 30-percent 
contingency and a 25-percent allowance for engineering, administration and legal fees. 
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Table 5-4 
Proposed Improvements[a] 

Improvements Cost (x1,000) 
Filtration Equipment 
A Add additional filters, including face piping, media and manifolds – total of three 

additional filters including redundant unit 
$1,250 

 Expand/modify existing building to accommodate a fifth redundant filter unit 120 
 Construct pretreatment building 250 
 Install roughing filters (total of two units) 900 
 Site piping modifications to accommodate roughing filters 75 
 Modify existing backwash pump to increase capacity and design point to 

accommodate roughing filters and new tanks 
150 

 Sitework 100 
 Electrical and controls (at approximately 30% of improvements) 850 
 Sub-Total $3,695 
 Contingencies @ 30% 1,100 
 Sub-Total $4,800 
 Engineering, Admin, Legal @ 25% 1,200 
 Sub-Total Filtration Equipment $6,000 
   
Storage Facilities 
 Construct two 1 Mgal steel storage tanks $2,000 
 Site piping for new storage tank 110 
 Hydraulic control structure (between new & existing tanks) 25 
 Relocate access road and gate 30 
 Modify inlet/out piping on existing tanks (work by District forces) 45 
 Sub-Total $2,210 
 Contingencies @ 30% 660 
 Sub-Total $2,870 
 Engineering, Admin, Legal @ 25% 720 
 Sub-Total Storage Facilities $3,590 
   
Miscellaneous Improvements 
 Chemical feed modifications 20 
 Backwash recycle pump station (6” pipeline and two new pumps) 140 
 Sub-Total 160 
 Contingencies @ 30% 50 
 Sub-Total $210 
 Engineering, Admin, Legal @ 25% 50 
 Sub-Total Miscellaneous Improvements $260 
   
 Total – Treatment Plant Improvements $9,850 
[a]  June 2007 20 Cities ENR CCI = 7,984. 
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Section 6 
Transmission, Distribution and Storage 

The transmission, distribution system and associated treated water storage (distinct from raw 
water storage and treated water storage improvements at the District’s treatment plant site) are 
discussed in this section.  A description of the existing system is followed by recommended 
improvements to expand the system and correct existing deficiencies.  Planning level cost 
estimates are provided for the improvements.  Figures referenced in this section are included in 
the pocket at the back of this report. 

6.1 EXISTING SYSTEM 

The District’s existing transmission and distribution system is described in this section.  There is 
currently no storage within the transmission and distribution system. 

6.1.1 TRANSMISSION PIPELINES 

Transmission mains are the primary means of conveying water throughout the system.  
Transmission mains have distribution laterals emanating from the main, there are no services 
connected directly to the transmission pipelines.   The District’s current transmission and 
distribution system is shown on Figure 6-1 (see the inside back cover of this Master Plan).  The 
transmission main begins at the water treatment plant and heads southwest, through a cross 
country route north of downtown Foresthill, until it begins to run adjacent and parallel to 
Foresthill Road. 

The transmission main was constructed by the United States Bureau of Reclamation (USBR) as 
part of the Sugar Pine Reservoir Project in the early 1980s.  The new transmission main 
paralleled the existing pipelines, some of which have been connected to the transmission main to 
create loops. 

The entire transmission system is fed by gravity and there is no need for booster pumps stations 
to increase the system pressure along the transmission main.  (As discussed below, a booster 
pump station located at the water treatment plant pressurizes the distribution system within the 
upper zone within downtown Foresthill.)  As the elevation decreases away from the treatment 
plant, the pressure increases due to gravity head, and would exceed 520 psi (1,200 feet) at the end 
of the system near Bella Vista.  These system pressures would require special pipeline materials 
and construction, and would present safety concerns. 

The transmission main pressures are reduced through a series of pressure reducing stations.  
There are currently five pressure reducing stations (PRVs) located along its length with inlet 
pressures upwards of 200 pounds per square inch (psi).  Outlet pressures are reduced down to 90 
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to 110 psi.  Each of the PRVs are equipped with a pressure relief valve to protect the system.  In 
the event of a PRV failure allowing full line pressure to occur, the relief valve opens and relieves 
the system pressure.  The PRV stations are inspected weekly.  The transmission main is 
constructed of asbestos concrete (AC) pipe, and is in good condition.  Due to the high pressures 
involved special thickness classes were required to prevent failures and District staff must 
maintain an inventory of specialized repair materials suited to the unconventional pipe diameters.  
District staff report that problems with the PRVs and/or pipeline are infrequent and the system 
runs well. 

The existing transmission pipeline was constructed with minimal looping.  Looping creates 
interconnections which allow operators to divert flow around areas that must be isolated due to 
emergencies, or for heavy maintenance.   Due to the linearity of the current system, water service 
is interrupted to all customers downstream of the isolation valve used to shut the water off. 

District staff has operated the current system since its inception and are aware of the potential 
problems, and as discussed above, stock repair parts to minimize outages when necessary.  A 
primary goal of future system expansions should be to create loops within the primary 
transmission system. 

6.1.2 DISTRIBUTION PIPELINES 

Distribution system pipelines are supplied directly from the transmission main.  Distribution 
pipelines are typically smaller diameter and provide water service to customers via a service 
lateral and meter set. 

Each distribution lateral connected to the District’s transmission main is supplied through a PRV 
station.  The PRVs serve to isolate and protect the transmission and distribution system mains 
from surges or over pressurization created within either system.  There are currently 38 PRVs at 
distribution system laterals. 

The distribution systems serve specific development within the pressure zone and include fire 
hydrants, services, air relive valves, etc.  The District’s distribution system consists of various 
types of pipe material including AC pipe, ductile iron and plastic.  The system pressures vary 
greatly due to the undulating topography typical of the foothills.  The overall distribution system 
is in good shape, which is evident based on the low percentage of unaccounted water as discussed 
in Section 3. 

6.2 EXISTING TRANSMISSION/DISTRIBUTION SYSTEM EVALUATION 

An evaluation of the existing system is provided in this section.   

6.2.1 HYDRAULIC MODEL 

A hydraulic model of the water transmission/distribution system for Foresthill was developed 
using Haestad’s WaterCAD 7.0 modeling software.  This model was used to analyze the existing 
system and to determine the improvements necessary to provide service within the existing 
service area boundary of the District. 
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Scenarios Analyzed 

The water distribution system model developed for the District includes a matrix of existing and 
future build out scenarios; each containing four different demand conditions.  The demand 
conditions analyzed in the water model were as follows: 

� average day demands (ADD) 
� maximum day demands (MDD) 
� peak hour demands (PHD) 
� maximum day demands coincident with fire flows (MDD+FF) 

Input and Design Criteria 

The basic input and design criteria used in the model are summarized below. 

Distribution of Demands. The distribution system was divided into several zones based on the 
topography and existing PRV locations.  The zones are delineated on the Figure 6-1.  Each 
pressure zone was assigned a water demand based on the water demand projections within the 
zone, based on the current level of development. 

The water demands were distributed throughout the model for current and build out conditions.  
The demand distribution for current conditions was based on the current level of demand, land 
uses, and whether or not the parcel was developed based on County Assessor’s data.  Future 
demands were distributed based on the projected demands and current land use designations 
throughout the District. 

Model Node Elevations. USGS information, including topographic maps and existing electronic 
benchmark data were used to populate model nodes with elevations.  

Demand Peaking Factor. Peaking factors used for modeling were developed in Section 3, and are 
as follows: 

� Average day to Max day =  2.5  
� Max day to Peak hour     =  1.7 

Unaccounted Water. Ten percent of the average water demand was considered as unaccounted 
water, as discussed in Section 3, and added to the ADD and MDD.  These calculated demands 
were distributed evenly throughout the model.  

Distribution System Pressure. The following pressure criteria for distribution system pressure 
were used in modeling. 

1. A minimum pressure of 20 psi at all service connections during maximum day demand plus 
fire flow condition. 

2. A minimal pressure of 40 psi during maximum day demand. 

3. A minimum pressure of 30 psi during peak hour demand. 
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4. The static pressure at the lowest ground elevation of the zone nodes should not exceed 200 
psi under all conditions.  

Transmission/Distribution Piping. The pipes in this model were sized according to the following 
design criteria. 

1. Pipe velocities should not exceed 8 fps under ADD, MDD and PHD conditions. 

2. The “C” factors of old piping and new piping are 100 and 130, respectively. 

Fire Flow Design Criteria for Undeveloped Area. The following criteria were used for fire flow 
analysis based on discussions with the Foresthill Fire Protection District. 

1. Fire flow in residential areas of 1,000 gpm for 2 hours was used based on the International 
Fire Code (IFC) for one and two family dwellings having a fire area which does not exceed 
3,600 square feet.  Larger homes may be required to install fire sprinklers or other 
mitigation if flows greater than 1,000 gpm are required. 

2. Fire flow in commercial areas of 2,000 gpm for 2 hours was used based on the International 
Fire Code (IFC) assuming an average commercial building size. 

6.2.2 EXISTING SYSTEM MODELING RESULTS 

Modeling results for the existing system are presented in this section.  Results are presented for 
the “normal condition”, which represents non-fire flow conditions and would be expected to 
occur on a daily basis.  The “fire flow condition” represents the fire flow added to the maximum 
day demand flow. 

Normal Conditions 

Under normal conditions minimum the system pressures appear to be adequate.  The system 
pressures and flow velocities satisfy the design criteria for ADD, MDD, and PHD, except in the 
following locations: 

1. The velocity in the 6-inch main at Crestline Drive, between Mougnberry Lane and Cold 
Springs Drive (8.1 fps) slightly exceeds the design criteria under PHD, but is not 
considered to be a significant problem.  

2. The pressures at the northern end of Eagle Ridge Drive and the 6-inch main at Monte Verde 
do not satisfy the minimum pressure criteria under ADD, MDD, and PHD. 

3. Many of the pressure zones are fed by multiple PRVs.  Many of the PRV stations are not 
active under normal conditions, and only operate under fire flow conditions or if areas are 
hydraulically isolated under due to maintenance or a main break.   This practice is 
reasonable and provides redundancy in the system. 
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Fire Flow Condition 

Under the maximum day plus fire flow condition, flows throughout the system are much higher 
than normal and velocities within the system are high.  As a result, the system pressures are 
reduced as a result of the friction losses. 

Based on the model results, a number of areas within the system do not meet the fire flow and/or 
minimum pressure criteria as shown on Figure 6-1. 

Generally speaking, areas that fail to satisfy fire flows are summarized listed below.   

1.  Areas supplied by long 6-inch mains with no looping.  

2. The system in the southwest suffers from inadequate fire flows due to the long distance 
from the storage tanks located at the WTP site. 

3. Several locations within the District including Todd Valley, Gas Canyon, Monte Verde area, 
Isabel Lane, Old Mill Road, Thomson Street and Timberland Drive.  

The deficiencies included above do not address the lack of redundancy and looping throughout 
the existing system, which is considered the most critical deficiency.  Looping and improvements 
to correct existing deficiencies is included in Section 6-4. 

6.2.3 IMPROVEMENTS TO THE EXISTING SYSTEM 

Improvements to the existing system are proposed to help the system meet the pressure and flow 
criteria.  The proposed improvements to the existing system are shown in bold on Figure 6-2 
included in the back of this Master Plan.  The fire flows were not field verified through a model 
calibration, and District staff should verify, or provide input regarding the problem areas.  The 
available fire flow after the improvements is shown on Figure 6-2.  Not all fire flow deficiencies 
are fixed with these improvements. 

The most critical distribution system pipeline modifications are listed here, with all 
recommended pipe modifications prioritized and listed in Table 6-1.  
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Table 6-1 
Recommended Improvements for Existing Pipes 

Item Improvements Remarks 

a Replace 6" distribution main with 8" main in 
Crestline Drive 

To keep the velocity under the design criteria  

b Replace 6" distribution mains with 8" mains in 
Old Mill Street south of Foresthill Road 

To satisfy the fire flow design criteria 

c Replace 4" distribution mains with 6" mains in 
Old Mill Street south of Foresthill Road 

To satisfy the fire flow design criteria 

d Replace 6" distribution main with 8" main in 
Gas Canyon Court 

To satisfy the fire flow design criteria 
STILL APPEARS TO BE DEFICIENT 

e 6" distribution main connection between 
Thomas Street and Timber Land Drive 

To satisfy the fire flow design criteria 
 

f Replace 6" distribution main with 8" main in 
Hard Rock Drive 

To satisfy the fire flow design criteria 
VERIFY HARD ROCK DRIVE 

g Replace 6" distribution main with 8" main in 
Mayflower Road 

To satisfy the fire flow design criteria 

h Replace 6" distribution main with 8" main in 
Moshiron Drive up to Pine Crest Drive   

To satisfy the fire flow design criteria 

i Replace 6" distribution main with 8" main in 
Hosmer Mine Court  

To satisfy the fire flow design criteria 

j Replace 6" distribution mains with 8" mains in 
Pine Crest Drive  

To satisfy the fire flow design criteria 

k Replace 4" distribution mains with 6" mains in 
Pine Crest Drive  

To satisfy the fire flow design criteria 

l 6" distribution main connection between the 
ends of Eagle Ridge Drive and Ponderosa 
Way 

To satisfy the fire flow design criteria 

m Replace 6" distribution mains with 8" mains in 
the northwest corner of Monte Verde area  

To satisfy the fire flow design criteria 

 
Pipelines smaller than 6 inches were not analyzed as part of this report.  Any 2-inch and 4-inch 
diameter distribution mains are recommended to be replaced with at least 6-inch mains to 
increase available fire flow. 

A few existing PRV settings were changed within the distribution system to satisfy the design 
criteria within the hydraulic model. The existing and new settings of the modified PRVs are 
summarized in Table 6-2.  It is understood that operations staff adjusts the PRV setting 
frequently depending on seasonal demands.  Prior to making adjustments indicated further 
analysis is recommend to ensure that over pressurization does not occur with in the system.  
Table 6-2 is provided as guidance only. 
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Table 6-2 
Existing and Proposed PRV Controls 

Existing Control Proposed Control 
PRV 

Location Status 
Pressure 
Setting 

(Psi) 
Status [a] 

Pressure 
Setting 

(Psi) Remarks 
PRS 3 Active 90 Active 45 To match the downstream HGL to the 

proposed tank 

PRS 5 Active 100 Active 125 To improve the available fire flow 

Thomas 
Street 2 

Active 80 Active 105 To combine two or more PRVs to form a 
pressure zone 

Gas Canyon Active 90 Active 105 To extend a pressure zone to combine 
with another pressure zone 

Greenridge Active 45 Active 65 The setting was too off from the other 
PRVs that supply to that zone 

Little Oak Active 80 Active 30 To prevent this PRV from becoming the 
sole supply for a pressure zone in Todd 
Valley 

Pre-School Active 130 Inactive - To make use of both proposed tanks in 
the Southwest area 

Eagle Ridge Active 130 Active 150 To satisfy the pressure criteria / to improve 
the available fire flow in that zone 

Monte 
Verde 

Active 120 Active 130 To satisfy the pressure criteria / to improve 
the available fire flow in Monte Verde area 

McKeon 
Ponderosa 

Active 90 Inactive - No need to be active to stay in a pressure 
zone with the adjacent nodes  

Old Mill Active 60 Active 80 The setting was too off from the other 
PRVs that supply to that zone 

Blaylocks Active 60 Inactive - No need to be active to stay in a pressure 
zone with the adjacent nodes  

(a) Inactive valves were not needed for pressure reducing during all model scenarios. 

 

6.3 TRANSMISSION PIPELINES AND STORAGE SYSTEM BUILD-OUT 

The expanded transmission system presented herein has been developed to provide service for 
future development, provide looping/parallel pipelines to increase redundancy, and includes 
additional treated water storage within the system through build-out.  Future improvements 
consider use of existing facilities where possible to reduce project costs.  Where possible the 
proposed pipeline alignments are along existing roads, or in the vicinity of future roadways 
currently planned by Placer County. 

Improvements have been developed to a facilities planning level.  Detailed engineering studies 
are needed prior to implementing the improvements to confirm assumptions, verify elevations 
and system hydraulics, consider alignment route alternatives, etc. 
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Prior to implementing any of the suggested improvements included herein the District will 
comply with the California Environmental Quality Act (CEQA) and prepare the necessary 
documentation depending on the nature of the improvements.  The District may also be subject to 
the National Environmental Protection Act (NEPA) and other Federal regulations depending on 
the nature of the project and funding sources.  The determination of necessary documentation to 
comply with CEQA, and possibly NEPA, should occur during the predesign phase of the project 
when the specific nature of the improvements are known including transmission main alignments 
and storage tank locations within the system. 

Distribution systems associated with specific developments are not addressed in this report.  The 
“onsite” pipelines and appurtenances to serve individual developments will be designed by the 
developers to District standards.  The layout of those facilities will be tailored to the individual 
development project based on the planned layout of the development.  The District will review 
and approve the improvements, including the point of connection to existing facilities.  In some 
cases, key pipelines within the developments may need to be upsized so they can be used to 
connect/extend some of master planned facilities identified herein. 

6.3.1 PIPELINE IMPROVEMENTS 

All of the improvements identified herein are within the existing District boundary.  The majority 
of the new pipelines, and potential to provide looping and parallel pipelines within the system is 
within the northern portion of the District.  Two storage tank sites are proposed within the 
transmission system.  Storage within the transmission system will provide redundancy in the 
event of a pipeline failure, and will also provide additional storage in the event of a water supply 
emergency, such as a treatment plant failure. 

Phasing of the transmission system improvements will be dependent on when and where 
development occurs within the system.  On the northern portion of the District, development will 
likely occur on lands north and adjacent to Foresthill Road and progress northerly up to Yankee 
Jim’s Road as supporting infrastructure occurs.  Within the southwestern portion of the District, 
the area within Gas Canyon will likely begin to develop as well. 

The proposed transmission pipelines to serve build-out are shown on Figure 6-3.  The alignments 
shown are for planning purposes only necessary for modeling and determining planning level 
cost estimates.  Detailed analysis including soils, topography, environmental constraints, right-of-
ways, etc. will be necessary prior to selecting the actual alignment.  The pipeline improvements 
proposed to serve the build-out condition are listed in Table 6-3 with a corresponding letter 
identifying the improvement on Figure 6-3. 

6.3.2 STORAGE IMPROVEMENTS 

Design criteria and recommended system storage improvements were discussed in Section 5.  
Treated water storage is needed within the system to provide equalization, emergency storage 
and fire flow capacity.  Currently all storage is at the water treatment plant site.  Given the size 
and configuration of the District providing storage within the distribution system is 
recommended.  Based on the criteria presented in Section 5, upwards of seven (7) Mgal of  



Section 6 Transmission, Distribution and Storage 

 
ECO:LOGIC Engineering  Foresthill PUD 
January 2008 6-9 Water System Master Plan 
FHIL06-001 

Table 6-3 
Recommended Transmission and Storage System Improvements 

Item Improvements 
a Construct two 1-Mgal of storage at the Distribution System Tank 1 (DS 1) site 

b 10" transmission main, on the East of Timberland Drive, from the existing 18" main in Foresthill Road to the 
proposed tank 

c FCV station for proposed storage 

d PRV station for proposed storage 

e 12" transmission main from the proposed tank at High School area towards Spring Garden 

f PRV stations for proposed 12” transmission main (item e) 

g Construct two 0.75-Mgal of storage at Distribution System Tank 2 (DS 2) site 

h 10" transmission main from the existing 18" main in Foresthill Road to the proposed tank on the East of 
Melody Lane  

i FCV station for proposed storage at DS 2 site 

j 12" transmission main from the tank to the existing main in Foresthill Road 

k 10" branch transmission main from 12" proposed main to the existing main in Foresthill Road on the East of 
Polaris Way 

l PRV station from DS 2 to transmission main in Foresthill Road 

m 8" transmission main from the 10" tank feeder main in Powerline Road at the vicinity of the proposed tank 
through Hard Rock Drive 

n 12" transmission main from the existing 18" main at the vicinity of Old Mill PRV to the proposed 12" main 
via Yankee Jims area. 

o PRV stations along 12” transmission main (item n) 

p 10" transmission main along McKeon Ponderosa Way from Spring Garden 

q 8" transmission main along McKeon Ponderosa Way from the end of line item m towards the south of the 
Gas Canyon area 

r 10" transmission main from the end of line item n through the existing 10" main in the vicinity of Richardson 
PRV 

s Check valve in 6" main on Red Rock Drive 

t PRVs 
 
storage is recommended at build-out.  Three (3) Mgal of storage is proposed at the treatment 
plant site, with the balance located within the distribution system. 

System storage provides operational flexibility during emergency conditions by 1) providing 
additional storage, and 2) providing redundancy within the system in the event of a pipeline 
failure. Two areas within the District were identified based on geographic location and elevation.  
The locations are preliminary only for planning purposes.  Detailed analysis including soils, 
topography, environmental constraints, right-of-ways, etc. will be necessary prior to selecting the 
sites. 

Prior to implementing any of the suggested improvements included herein the District will 
comply with the California Environmental Quality Act (CEQA) and prepare the necessary 
documentation depending on the nature of the improvements.  The District may also be subject to 
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the National Environmental Protection Act (NEPA) and other Federal regulations depending on 
the nature of the project and funding sources.  The determination of necessary documentation to 
comply with CEQA, and possibly NEPA, should occur during the predesign phase of the project 
when the specific nature of the improvements are known including the particular location of the 
tanks sites and associated piping. 

DISTRIBUTION SYSTEM STORAGE SITE 1 (DS 1) 

A possible tank site was located in the back of the Foresthill High School (High School).  There 
is a lot of relatively flat ground in this area conducive to constructing tanks cost effectively.  
Siting tanks at a public facility such as parks or schools is typically less controversial than in a 
residential area.   

A new tank with storage capacity of 1.0 Mgal is recommend, with space to add a second tank of 
the same size in the future to provide about 2 Mgal at that location.  This tank would provide 
backup water supply and serve areas within the northwest portion of the District – up into 
Yankee Jims Road area and north of Foresthill Road and located at an elevation of around 3,000 
feet mean sea level (MSL). 

The tank(s) would be fed off of a new 10” diameter main extending north from the existing 18” 
main.  The 12” pipeline from the tank would extend to the west along Power Line Road out into 
the service area; however adequate pressure would not be available until the elevation dropped to 
around 2,900 feet MSL, which is about 100 feet below the tank elevation and about a half mile to 
west of the tank site area. 

Providing storage at this location would not benefit much of the system until the interconnecting 
piping in the northern portion of the District is complete.  Therefore development of this storage 
site is not recommended until the area north of Foresthill Road develops and the pipelines are 
constructed. 

DISTRIBUTION SYSTEM STORAGE SITE 2 (DS 2) 

A possible tank site was located in the Melody Lane area to the north of Foresthill Road.  A new 
tank with the storage capacity of approximately 0.75 Mgal is recommend, with space to add a 
second tank of the same size in the future for a total of about 1.5 Mgal.  This tank site would 
provide backup water supply to Todd Valley and Gas Canyon areas and would also provide 
additional storage for the system at build-out. 

A 12” main is recommended to feed the proposed tank from the existing Foresthill Road and a 
16-inch main to supply water from the tank, which would connect to the existing 12-inch pipeline 
downstream of PRS 3 along Foresthill Road.  This configuration would maintain current 
pressures within the distribution within the Melody Lane area.  The tank would be located at 
around elevation 2,900 feet MSL.  The downstream pressure at PRS 3 would also have to be 
lowered to allow water from the new tank to flow into the transmission main. 
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A second alternative configuration would utilize a nested set of isolation valves and tees.  Under 
normal operation the tank would fill from the upstream side of the tee, and feed back into the 
pipeline just downstream of the tee and would require less piping than the previous alternative, 
but would lower the pressure to around 40 or 50 psi in the Melody Lane area and could reduce 
pressures in the vicinity of Melody Lane, which may be unacceptable to homeowners 
accustomed to much higher pressures.  Relocation of PRS 3, or addition of another large pressure 
regulating station on the transmission main may also be a possibility.   The ultimate configuration 
should be determined via a detailed engineering study. 

Constructing a tank and associated piping at the DS 2 site would have immediate benefit to the 
existing system as regards storage and would increase the overall system reliability.  
Development of the DS 2 site prior to constructing tanks at the DS 1 site near the High School is 
likely.  The DS 1 site may not be constructed for some time depending on development in the 
northern portion of the District; therefore, the DS 2 site should have the ability to accommodate 
two tanks in the event the DS 1 tanks are not built in the foreseeable future. 

Table 6-3 includes a summary of the distribution system improvements including pipelines, 
flow/pressure regulating stations and storage. 

6.5 COST ESTIMATE 

Probable costs for improvements to the existing and build-out systems were estimated for all 
major infrastructure.  Infrastructure to serve a particular neighborhood was not included and is 
assumed to be the responsibility of the developer.  Costs were developed using the unit cost 
assumptions included in Table 6-4.  A summary of the estimated capital costs are included in 
Tables 6-5 through 6-7.  Capital costs have been determined based on existing deficiencies, 
distribution system storage, and transmission pipelines in each respective table. 

Table 6-4 
Distribution System Cost Assumptions 

Description Cost ($) 

Gallon of Storage $1 

Cost per inch-diameter per foot of pipeline $10 

Right-of-way acquisition, $/LF $15 

Land for tank site, $/Ac 50,000 

Valve (PRV/ FCV), EA $50,000 

Check valve, EA $25,000 
 
As shown all costs include a 30-percent contingency and a 25-percent allowance for engineering, 
legal and administrative costs. 
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Table 6-5  
Existing Distribution System Improvements Cost Estimate [a, b] 

Item Improvements Unit Qty Unit Cost Cost (x$1,000) 

a Replace 6" transmission main with 8" main in 
Crestline Drive LF 2,640 $80 $210 

b Replace 6" transmission mains with 8" mains in 
Old Mill Street south of Foresthill Road LF 3,510 $80 $280 

c Replace 4" transmission mains with 6" mains in 
Old Mill Street south of Foresthill Road LF 710 $60 $40 

d Replace 6" transmission main with 8" main in 
Gas Canyon Court LF 1,110 $80 $90 

e 6" transmission main connection between 
Thomas Street and Timber Land Drive LF 860 $75 $60 

f Replace 6" transmission main with 8" main in 
Hard Rock Drive LF 950 $80 $80 

g Replace 6" transmission main with 8" main in 
Mayflower Road LF 700 $80 $60 

h Replace 6" transmission main with 8" main in 
Moshiron Drive up to Pine Crest Drive LF 420 $80 $30 

i Replace 6" transmission main with 8" main in 
Hosmer Mine Court  LF 830 $80 $70 

j Replace 6" transmission mains with 8" mains in 
Pine Crest Drive  LF 940 $80 $80 

k Replace 4" transmission mains with 6" mains in 
Pine Crest Drive  LF 660 $60 $40 

l 6" transmission main connection between the 
ends of Eagle Ridge Drive and Ponderosa Way LF 2,179 $75 $160 

m Replace 6" transmission mains with 8" mains in 
the northwest corner of Monte Verde area  LF 950 $80 $80 

 Sub-Total    $1,280 
Contingencies @ 30%    $385 
Sub-Total    $1,665 

 

Engineering, Admin, Legal @ 25%    $415 
 Total Existing System    $2,080 
[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-2 for improvement location based on item identification. 
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Table 6-6 
Distribution System Storage Improvements Cost Estimate [a, b] 

 Improvements Unit Qty Unit 
Cost Cost (x1,000) 

 STORAGE TANKS AND APPURTENANCES     
 Distribution System Storage 1 Site (DS-1)     

a Two – 1 Mgal tanks with land Gal 2,000,000 $1 2,000 
 Land for tank site Ac 1 50,000 50 

b 10" transmission main, on the East of Timberland Drive, 
from the existing 18" main in Foresthill Road to the 
proposed tank  

LF 2,380 $115 275 

c FCV station for proposed storage  Ea 1 $50,000 50 
d PRV station for proposed storage Ea 1 $50,000 50 

e 12" transmission main from the proposed tank site 
towards Spring Garden 

LF 21,370 $135 2,885 

f PRV stations for proposed 12” transmission main (item 
e) 

Ea. 2 $50,000 100 

      
 Distribution System Storage 2 Site (DS-2)     

g Two 0.75-Mgal tanks with land Gal 1,500,000 $1 $1,500 
 Land for tank site Ac 1 50,000 50 

h 10" transmission main from the existing 18" main in 
Foresthill Road to the proposed tank on the East of 
Melody Lane  

Lf 2,210 $115 255 

i FCV station for proposed storage Ea 1 $50,000 50 
j 12" transmission main from the tank to the existing main 

in Foresthill Road Lf 7,060 $135 955 

 Sub-Total Distribution System Storage    $8,220 
 Contingencies @ 30%    2,465 
 Sub-Total    $10,685 
 Engineering, Admin, Legal @ 25%    2,670 
 Total Distribution System Storage    $13,355 

[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-3 for improvement location based on letter identification. 
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Table 6-7 
Build-out Transmission Pipeline Improvements Cost Estimate [a, b] 

 Improvements Unit Qty Unit 
Cost Cost (x1,000) 

k 10" branch transmission main from 12" proposed main 
to the existing main in Foresthill Road on the east of 
Polaris Way 

LF 7,210 $115 $830 

l PRV station from DS 2 to transmission main in 
Foresthill Road 

Ea. 1 $50,000 $50 

m 8" transmission main from the 10" tank feeder main in 
Powerline Road at the vicinity of the proposed tank 
through Hard Rock Drive  

LF 9,050 $95 $860 

n 12" transmission mains from the existing 18" main at 
the vicinity of Old Mill PRV to the proposed 12" main via 
Yankee Jim area  

LF 20,840 $135 $2,810 

o PRV stations along 12” transmission main Ea. 2 $50,000 $100 

p 10" transmission main along McKeon Ponderosa Way 
from Spring Garden  

LF 7,840 $115 $900 

q 8" transmission main along McKeon Ponderosa Way 
from the end of line 10” towards the south of the Gas 
Canyon area 

LF 12,170 $95 $1,160 

r 10" transmission main from the end of the proposed 8” 
pipeline to the vicinity of the Richardson PRV 

LF 2,140 $115 $250 

s Check valve in 6" main on Red Rock Drive Ea 1 $10,000 $10 
t PRV stations Ea 3 $50,000 $150 
 Sub-Total    $7,135 
 Contingencies @ 30%    2,140 
 Sub-Total    $9,275 
 Engineering, Admin, Legal @ 25%    $2,320 
 Total    $11,595 

[a] June 2007 20 Cities ENR CCI = 7,984 
[b] Refer to Figure 6-3 for improvement location based on letter identification. 
 
The total estimated capital cost for the existing system to remedy existing deficiencies is 
$2.1 million.  The estimated capital cost for the improvements to serve future growth is 
approximately $25 million, including transmission pipelines and distribution system storage.  
The cost of remedying existing deficiencies is the responsibility of the existing customers, 
whereas improvements to accommodate future growth should be borne by new users.  Only the 
cost of future expansion improvements was included in the proposed connection charge 
calculation methodology included in Section 7. 
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Section 7 
Proposed Methodology For Connection Charge 
Calculation 

Improvements and associated capital costs to increase the capacity of the existing system to serve 
future growth have been identified in previous sections of this Master Plan.  Facilities financed 
with connection charges include backbone facilities such as water treatment, transmission system 
improvements and storage, which provide the necessary capacity to serve future growth.  A 
proposed methodology to calculate a water connection charge to fund these improvements is 
developed in this section.  The proposed capital improvements included in this plan are based on 
full build-out within the existing District service area. 

The length of time for build-out within the District is unknown, and may take several decades to 
fully develop.  Master Plans typically have a useful life of five to 10-years before updates are 
necessary due to changing conditions (e.g. regulations, rate of growth, changes in construction 
costs, etc.).  The connection fee eventually adopted by the District Board of Directors will be 
developed using a shorter time horizon which will based on input from developers, the County’s 
Community Plan Update and other factors to be determined in separate document.  A proposed 
methodology is included herein for consideration. Any such calculations or formulations 
expressed in this section are for example purposes only. 

Specific onsite improvements within specific developments that are needed to provide service to 
the specific development including distribution system piping, services, blow offs, fire flows in 
excess of normal requirements, and other appurtenances are financed by the developer, 
constructed to District standards and deeded to the District.  These “onsite” improvements should 
be paid for by the developer and are not included or credited to the connection charge fees. 

The nature and timing of public improvements as they relate to new development, as well as the 
need for public agencies to build logical increments of capacity, often lead to situations in which 
improvements are needed in advance of receiving connection fees necessary to fund the 
improvements.  In such cases it is typical for one developer to pay for capacity in excess of the 
need created by their project and receive a reimbursement as future development occurs.  The 
developer would receive the reimbursement from the District’s connection charge only as other 
developers pay for additional connections related to the infrastructure that was constructed to 
serve their needs.  This mechanism requires the developer who stands to benefit financially from 
a project to take the financial risk of the improvements rather than the District and its existing 
customers. 
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The projected costs included herein are based on a pay-as-you go approach, assuming that 
developers will be required to construct master planned improvements and will be reimbursed for 
any over sizing necessary with connection charges from subsequent development.  Therefore the 
District and its existing customers are not required to incur debt to pay down the loan, and no 
finance charges are included in the recommended connection charge. 

7.1 PROPOSED METHODOLOGY 

The connection charge must have a relationship to the cost of providing the service which is 
related to the cost of the improvements needed to provide the capacity.  To simplify the process 
of determining the share of these costs for which an increment of future development is 
responsible, the concept of the Equivalent Dwelling Unit (EDU) has been used.  An EDU 
represents the water demand exerted by a single family residence, which for the purposes of this 
master plan is considered to be 450 gpd/EDU on average.  This number excludes the share of the 
District’s overall unaccounted water that could be assigned to each EDU.  With the unaccounted 
water the unit consumption rate would be 495 gpd/EDU.  Section 3 includes a discussion of 
water demand and unaccounted water. 

Multi-family residential, commercial and industrial demands can be represented as a multiple of 
EDUs depending on their relative demand, which is typically expressed by the meter size 
necessary to provide the desired flow.  This method is a common and simple means of 
determining the connection charge and still considers the relative demand that new service places 
on the system. 

7.1.1 FORMULATION OF CHARGE 

The recommended connection charge is calculated based on the capital cost estimate for the 
improvements required to provide service to a single EDU within the system.  This charge has 
been broken down into three categories by the type of capital improvements funded.  These 
include: 

� Treatment – Improvements that are related to capacity increases at the water treatment 
plant.  This includes storage at the treatment plant. 

� Storage – Improvements related to storage within the distribution system. 

� Transmission – Improvements associated with the construction of main transmission 
pipelines as identified in the Master Plan improvements.  Onsite improvements, 
including distribution systems, services, hydrants, etc. are not included in this 
component and will be built by the developer at his cost. 

Total cost for each component, including administrative, construction and contingencies have 
been included and are summarized in Table 7-1. 
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Table 7-1 
Summary of Connection Charge Components [a, b] 

Component Estimated Construction 
Cost, (x 1,000) 

Connection Charge, $ 

Treatment [c] $9,850 $2,745 

Storage [d] $13,355 $3,722 

Transmission $11,595 $3,232 

Total $34,800 $9,699 

[a] June 2007 ENR 20 Cities CCI = 7,984. 
[b] Based on a total of 3,588 additional EDU through build-out of existing District. 
[c] Includes storage at treatment plant. 
[d] Three new tanks within the District’s distribution system. 

 
Methodology for Meters 1-inch and Less.  Based on the total cost of improvements, divided by 
the number of projected EDUs, the connection charge would be $9,699.  The 3/4-inch meter is 
the smallest size meter that the District currently provides and is typically used to provide service 
to single family residential development to District customers. The 3/4-inch meter represents the 
potential water demand for one (1) EDU.    To add perspective, the Placer County Water 
Agency’s (PCWA) current water connection charge in Zone 3 (above Auburn in the Foothills) is 
$9,234 for a single family residence. 

As the size of the meter increases, so does the potential demand placed on the system and the 
associated water connection charge should increase.  This methodology is common practice, and 
based on the American Water Works Association (AWWA) standard meter ratios which are 
summarized in Table 7-2.  The ratios are simply based on the capacity of the various meters. 

Table 7-2 
Meter Equivalence Ratios and Proposed Connection Charge 

 AWWA   

Meter Size, 
inches Standard Ratio(a) 

 
Modified Ratio(b) 

Maximum 
Continuous 
Flow, gpm (c) 

Proposed 
Connection 
Charge, $ 

5/8 1 --- 20 --- 
3/4 1.5 1 30 $9,699 
1 2.5 1.7 50 $16,488 

1.5 5 3.3 100 [d] 
2 8 5.3 160 [d] 
3 17.5 11.7 350 [d] 
4 31.5 21 630 [d] 

[a] American Water Works Association (AWWA) meter ratio calculation based on a 5/8-inch meter. 
[b] Modified ratio based on ¾-inch meter as standard. 
[c] Based on AWWA standards for maximum flow through meter. 
[d] Connection charge for meters larger than 1.5-inches discussed below. 

 
As stated, the smallest meter the District uses is a 3/4-inch meter.  Therefore the standard meter 
ratios have been adjusted and shown in the column labeled “modified ratio”.  Therefore a 
customer requesting a 1-inch meter would be required to pay a water connection charge of 1.7 x 
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3/4-inch meter charge.  That methodology works wells for small meters; however, meters sizes 
over 1.5-inches have the potential to place excessive burden on the system capacity and should 
be addressed differently as discussed below. 

Methodology for Meters 1.5-inch and Larger.  The maximum flow rates through the larger 
meters can place an excessive burden on the system, while at the same time, not provide adequate 
funding for capacity related improvements. 

For example, a 4-inch meter running at full capacity could pass a total of 0.9 MGD, which is the 
equivalent of 1,820 EDU (900,000 gal/495 gpd/EDU), which would represent a connection 
charge of over $17.5M based on the connection charge for the equivalent as individual single 
family homes.  The connection charge based on the meter ratio of 21 the connection charge 
would be calculated as $204,000, and would not provide adequate funding for improvements 
related to the level of development that could be served if the meter were operated continuously.  
For example, the District could be exploited if a developer constructed private storage tanks 
dedicated to his development, and filled at the maximum continuous capacity of the meter and 
equalized demands through the tank, he could serve an entire community for a fraction of the cost 
compared to paying individual water connection fees on a per home basis. 

The recommended means of calculating the connection charge for commercial/industrial and 
multifamily sites is based on the use ratio compared to a single family dwelling unit.  The 
applicant should provide the District with the average and maximum day water demands 
expected to be placed on the system which can then be converted to an EDU basis and used to 
determine the connection charge.  This information would be submitted as part of the will serve 
application for the development.  The minimum recommended connection charge for 1.5 through 
4-inch meters is included in Table 7-3, and is directly proportional to the meter size and ratio 
compared to a 3/4-inch meter. 

The District should review the usage records for the site after three years of service and make a 
determination as to the accuracy of the original estimate.  If the applicant was overcharged, a 
refund should be made, or if the applicant was undercharged, then additional money paid to the 
District.  This approach protects the District and the applicant. 

Table 7-3 
Minimum Proposed Connection Charge for 

Meters 1.5-inch and Larger 

Meter Size Minimum Connection 
Charge [a] 

1.5 $32,006 
2 $51,405 
3 $113,478 
4 $203,679 

[a] Minimum recommended connection charge; 
to be determined on a site specific basis. 
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7.1.2 INDEXING OF FEES 

Indexing is used to provide for automatic adjustment of fees to account for inflationary cost 
increase.  The enabling ordinance can provide for automatic fee adjustment on a prescribed date 
each year, or every other year or third year, etc.  Annual indexing revisions are recommended to 
minimize the magnitude of the change and insure that revenue more closely follows expenses.  
One approach involves adjustment based on an accepted cost indicator such as the CPI 
(Consumer Price Index) or the ENR Construction Cost Index.  The latter is preferred since it 
more closely reflects costs in the construction industry, which are used as the basis for computing 
connection fees.  This approach provides the most accurate adjustment, although the incremental 
change (increase or decrease) is not known beyond the current year. 
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SECTION 8 
Implementation Plan 

This proposed implementation plan outlines the infrastructure upgrades to provide additional 
capacity to serve future development.  Improvements previously discussed include upgrades to 
the water treatment process, additional storage and transmission facilities.  Project phasing will 
depend on the rate of growth experienced within the District, which is subject to economic forces 
outside the District’s control.  Projected water demands are based on the existing District service 
area boundaries and land uses described in the 1981 Foresthill General Plan.  Estimated capital 
costs have been provided for the improvements and used to calculate the water connection charge 
in prior sections of this report. 

The reliable yield of the District’s water supply was evaluated.  Based on the analysis there is 
ample water available for the current level of development.  However, under the build-out water 
projections there is a short fall under the critical dry period condition.  Means to address the 
water supply issue are discussed below. 

A fundamental concept included in the improvement plan is to provide a logical and practicable 
means of expanding the water facilities.  Typically these types of projects can take 18 to 24 
months to implement due to permitting, financing and engineering work that must be completed 
prior to construction.  That lag time should be included in planning the improvements. 

8.1 TREATMENT PLANT IMPROVEMENTS 

Implementation of improvements at the water treatment plant are discussed below in relation to 
water demands.  Figure 8-1 includes the demand projections within the District based on 2.5 to 
5 percent growth rates.  Critical improvements at the treatment plant are identified based on the 
average annual flow, so if the rate of growth changes, it does not affect the need for the 
improvement at the indicated flow, but will change the timing on when the improvement is 
needed. 

8.1.1 STORAGE 

Provision of additional storage at the treatment plant should occur as soon as possible.  In the 
event of a problem at the treatment plant, there is less than one-half day of total storage during 
summer months, which does not included flow equalization, fire flow or contact time for 
disinfection.  The addition of 1 Mgal of storage is recommended immediately before significant 
demands are added to the system, along with the tank the accompanying improvements include: 
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Figure 8-1 
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� Site piping 
� Figure 8-1 Implementation of Water Treatment Plant Improvements 
� Flow control structure 
� Site work (relocation of existing utilities, road, grading, etc.) 
� Electrical and controls 

A second 1-Mgal tank should be added by the time average daily flow is about 1.3 MGD.  A total 
of approximately 3.3 Mgal of storage would be provided at the at the treatment plant.  Additional 
storage within the distribution system is recommended and discussed in Section 8.3. 

Modifications to the existing storage tank piping should be completed to resolve the current 
operation problems associated with the disinfection system.  District staff plans to make those 
improvements during the winter when demands are reduced, and the various tanks can be taken 
offline for modifications. 

8.1.2 FILTRATION 

The current filters have capacity to produce 3 MGD at maximum allowable loading rates.  The 
historical maximum day demand is about 2.3 MGD, so there is around 0.7 MGD of capacity 
remaining.  The addition of a third filter should occur by the time the average daily demand 
reaches 1.2 MGD.  The third filter will provide capacity up to a maximum day demand of 
4.5 MGD, or an average daily flow of 1.8 MGD.  The fourth filter will be required prior to 
reaching an average daily flow of 1.8 MGD, and increase the maximum day demand up to 6 
MGD, with an average flow of 2.4 MGD.  See Table 8-1, below. 

As noted in Section 5, the District may be required to add pretreatment prior to the filters if the 
existing facility is reclassified as an inline filter plant.  The addition of roughing filters in front of 
the existing filters will provide the necessary treatment, although pilot testing will be needed.  A 
total of two roughing filters of are needed to provide pretreatment for four finished water filters, 
and added accordingly. 

Table 8-1 
Filter Capacity 

No. of Filters Maximum Capacity, 
MGD[a] 

Approx. Average Daily 
Demand, MGD[b] 

1 1.5 0.48 
2 3.0 1.2 
3 4.5 1.8 
4 6.0 2.4 
5 7.5 3.0 

[a] Based on maximum filter loading rate of 3 gpm/ft2 

[b] Peaking factor MDD/ADD = 2.5 
 
As the existing filters near their maximum capacity there is no redundancy in the event of a filter 
failure.  A recommended goal is to provide a redundant unit at build-out, but adds to project cost.  
If a redundant filter cannot be added immediately, interim redundancy could be accomplished by 
adding the next filter when the demands represent 75-percent of the maximum capacity of the 



Section 8 Implementation Plan 

 
ECO:LOGIC Engineering  Foresthill PUD 
December 2008 8-4 Water System Master Plan 
FHIL06-001 

existing filters.  For example, the fourth filter would be added when average daily demand 
reached 1.4 MGD, equating to a maximum day demand of approximately 3.4 MGD.  A building 
extension will be needed if the fifth, and truly redundant filter is added.  The addition of a 
redundant filter has been included in the project cost estimate. 

8.1.3 MISCELLANEOUS IMPROVEMENTS 

A number of miscellaneous improvements were identified in Section 5.  The improvements are 
relatively minor, and will likely be completed by District staff as needed and are not addressed 
herein. 

8.2 TRANSMISSION SYSTEM IMPROVEMENTS 

The transmission mains are the primary conveyance facilities to move water through the District.  
A number of transmission main improvements were identified in Section 6, and were located in a 
manner to provide system looping and reliability throughout the system. 

The pipeline alignments are based on a general review of the area, and have been located along 
existing or planned roadways wherever possible.  A hydraulic model was prepared and used to 
size pipelines to ensure adequate flow and pressure will be provided throughout the distribution 
system during critical demand periods (e.g. peak hour and maximum day plus fire flow) as the 
system expands. 

Two tank sites were located within the transmission system.  The locations of the new storage 
tanks can vary depending on the specific development that occurs within the District.  The tank 
elevation will be the critical factor.  Two areas within the District were identified, one near the 
High School deemed Distribution Storage Site 1 (DS 1), and the second near Melody Lane and 
identified as DS 2. 

The site located in the area around Melody Lane would like be the first to be constructed and 
would benefit the western portion of the District, especially Todd Valley and any new 
developments in that portion of the District.  The High School Tank site will provide water into 
the Yankee Jim area, and also down around to the west side of the District; however, those areas 
are more remote and it is likely that the northern area will develop out in the future after the 
Melody Lane tank.  The addition of system storage should be a priority. 

The District will need to determine which transmission system improvements are necessary on a 
case by case basis.  It is likely that the transmission mains will be built in increments and 
complete loops over a series of project, each requiring an extension of the main to their specific 
project.  Where possible, over sizing mains through developments that could integrate into the 
transmission system should be considered. 

8.3 WATER SUPPLY 

Water demand projections based on current land uses within the District were developed, and 
compared to the estimated reliable yield of the Sugar Pine Reservoir.  A summary of the reservoir 
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yields calculated by two methods as described in Section 4 is included in Table 8-2.  The yield 
calculated based on the period of record is considered the most reliable because it represents 
actual conditions which have occurred historically, whereas the design event relies on a statistical 
method. 

Table 8-2 
Estimated Reservoir Yield 

 Estimated Yield, ac-ft/yr 

Reservoir Configuration Design Event [a] Period of Record [b] 

Current Reservoir 2,750 2,150 

Enlarged Reservoir 4,150 3,450 

[a]  Based on Log-Pearson statistical analysis based on a design event. 
[b] Based on simulating the reservoir operation based on historical flows for the period of record. 

 

The estimated annual demand within the current District boundary under current and build-out 
conditions is 1,079 and 3,069 ac-ft, respectively.  The existing reservoir has an estimated reliable 
yield of 2,150 acre-ft.  As annual demands increase to near 2,000 ac-ft, the District should be 
prepared to impose deficiencies on customers during drought events such as the critical period, or 
be prepared to expand reservoir capacity by installing radial gates. 

Imposing deficiencies to reduce water use is common at other agencies during drought 
conditions.  Many agencies have formal Drought Contingency Plans, which outline procedures 
and policies under dry periods.  These typically include public education regarding conservation, 
limiting outdoor water use, imposing financial penalties on customers with excessive water use, 
etc., and depend on the severity and length of the drought.  At build-out conditions, the overall 
demand would need to be curbed by at least 920 ac-ft, or around 30-percent, which is considered 
reasonable under extreme conditions.  Determination of what criteria triggers deficiencies, and 
the magnitude of the reduction necessary will require a detailed evaluation and is not within the 
scope of this report. 

Alternatively, the District could consider adding the radial gate to the reservoir to increase its 
capacity and associated yield.  Modifying the reservoir could trigger additional constraints on 
releases from the reservoir to provide additional water downstream uses.  Water right issues may 
also be raised if the capacity is increased.  Raising the reservoir was not included as an option in 
this master plan. 

The District must determine whether imposing deficiencies to limit water demands during critical 
dry periods is acceptable to District residents, or if the preferred alternative would be to enlarge 
the reservoir at significant cost.  Enlarging the reservoir would provide additional water supply 
that could be used to serve growth beyond the current District boundary. 
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8.4 CONNECTION CHARGE 

The District’s current connection charge to fund future capacity improvements necessary to serve 
future growth should be updated to reflect costs of the improvements identified herein.  Section 7 
included a proposed methodology for calculating the connection.  The District plans to develop a 
modified version of the improvements identified herein on based on a shorter time horizon (i.e. 
something less than build-out).  The planning horizon will be determined based on input from 
developers, Placer County and staff. 

8.5 FUTURE UPDATES 

The water master presented herein should be adopted by the District and implemented 
accordingly.  Periodic updates to the master plan are recommended on a five to ten year basis to 
ensure that the assumptions presented herein remain valid.  The Master Plan should also be 
updated if any major changes in the County’s land use policies occur that would significantly 
increase the level of development expected within the District. 
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