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Preface

This Big Bear City Community Services District Water Master Plan was prepared jointly by
Daniel B. Stephens & Associates, Inc. (DBS&A), Civiltec Engineering, Inc. (Civiltec), and
IDModeling, Inc. (IDM). DBS&A prepared Sections 1 and 3, Civiltec prepared Sections 2, 4, 6,
7, and 8, and IDM prepared Section 5. As the prime consultant and author, DBS&A compiled
and edited all the contributions to this final report.
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Executive Summary

Summary

The focus of this Big Bear City Community Services District (BBCCSD) water master plan
update has been sources of supply, analyses of the existing system, and hydraulic modeling of
the system. Hydrogeologists from Daniel B. Stephens & Associates, Inc. (DBS&A) focused on
the water supply sources, primarily on the recharge to the Big Bear Valley groundwater basin.
Civiltec Engineering, Inc. (Civiltec) focused on evaluating the physical aspects of the
transmission and distribution system, including planned improvements. IDModeling, Inc. (IDM)

provided hydraulic computer modeling of the system.
Conclusions

To estimate recharge, or net infiltration, to the bedrock and alluvial aquifers of the basin, DBS&A
conducted modeling of the entire Big Bear Valley groundwater basin using a distributed
parameter watershed model. Although the BBCCSD has its facilities and distribution areas in
the eastern portion of the basin, conducting the modeling efforts for the whole basin allowed for

incorporation of a larger dataset and comparison of the model to previous efforts by others.

Average net infiltration was determined to be 24,894 acre-feet, with a median of 17,322 acre-
feet over the modeled years (1981 through 2003). Of this net infiltration, almost 60 percent is
attributed to the Baldwin Lake portion of the watershed.

Groundwater discharge from the system occurs at springs east of the east boundary of the
basin, where alluvium and/or fractured bedrock is saturated and exposed at ground surface.
Estimates of the quantity of discharge out of the basin range from 313 to 1,340 acre-feet per
year (ac-ft/yr). The total spring-fed runoff into Big Bear Lake ranges from 2,984 to
7,062 ac-ft/yr.

As part of the analysis of existing systems, Civiltec conducted studies of land use and water

demand analysis, evaluated physical infrastructure components related to the sources of water
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supply, and generated design criteria for the current and future system. In calendar year 2007,
which was used as a basis for the master plan, the average daily demand was about 1.1 million
gallons. Maximum production was on July 19, 2007, when 2.2 million gallons were demanded
of the system. Projections based on a 1.68 percent annual increase result in an ultimate water

demand of 1,796 acre-feet in the year 2030.

The BBCCSD meets its demand with 11 active vertical wells, 2 inactive wells, 2 active horizontal
wells, and 2 completed springs. Emergency augmentation to this supply includes two interties
with adjacent purveyor Big Bear Lake Department of Water and Power; the quality of the
delivered water is compliant with Safe Drinking Water Act regulations. In BBCCSD’s
groundwater supply, fluoride is an issue that is addressed through a variance from the fluoride
maximum contaminant level granted by the State of California and blending to decrease
concentrations. Most wellheads have a component of disinfection, and water produced from

Well 8 is treated for iron and manganese.

In 2007 there were 5,990 service connections in the system, 96.3 percent of which were
residential. These connections are served by one main pressure zone and five dependent
zones with four storage tanks. Within these tanks are 6.24 million gallons of storage. Pipelines
for transmission and distribution range from 2 to 20 inches in diameter and total 81.7 miles.

There are six pumping stations with a total of 18 booster pumps.

Design criteria were established with a maximum day demand twice that of the average day
demand and a peak hour demand four times the average day demand. Fire flow protection
considerations would result in 20 pounds per square inch residual pressure in the lines.
Operational water storage was established at 30 percent of maximum day demand, plus 100
percent of emergency capacity, plus fire flow. Pipe velocities were designed at less than 10 feet
per second in the distribution system and less than 6 feet per second for transmission at
reservoir inlets and outlets. Pumping capacity design criteria were established at maximum day

demand with the largest pump unit out of service.

IDM conducted hydraulic modeling of the system, with a focus on model updates, calibration,

and evaluation. The modeling pinpointed problem areas where issues can occur so that
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improvements in pipelines can be targeted. Updates included all facilities connectivity,
configurations, and attributes. All pressure zone designations and zone breaks were reviewed

and adjusted, with demands updated to represent recent growth.

Steady-state calibration was based on six hydrant tests conducted in the field with BBCCSD
personnel. Twelve model scenarios were created, two for each test (one representing static
and one representing dynamic conditions). During steady-state calibration of the model, a
reasonably close difference between the model and the field pressure drops was obtained.
Based on the model evaluations, system improvement criteria to address deficiencies included
(1) providing a main line sized to handle the required fire flow, (2) providing smaller pipeline
diameters when pipelines were looped, (3) providing larger pipeline diameters on dead-end
mains, (4) improving overall system connectivity for fire protection, and (5) addressing locations

where system looping was not currently in place.

Recommendations

Based on the conclusions of this planning effort, several recommendations are presented. With
respect to postulated artificial recharge operations, natural recharge to the east portion of the
Big Bear Valley groundwater basin appears to be adequate to meet the demands projected for
the BBCCSD service area. Hence, artificial recharge is not recommended at this time.
Continued efforts toward system monitoring and maintenance should be the primary focus of

the capital improvements.

To address existing deficiencies in the system, a suite of primary capital improvements are
recommended. Over the course of the time period through 2030, the estimated costs for these
improvements would total $16.2 million (2008 dollars). A suite of secondary improvements are
also recommended to support development. The primary recommended capital improvements

based on the conclusions of this planning effort include the following:

o Replace 10.2 miles of pipeline.
¢ Install new water meters with an automated meter reading device (fixed network).

e Replace 5 booster pumps to improve pumping capacity.
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e Upgrade 11 booster pumps to increase efficiency.

o Equip Well 3B with pump and motor to increase capacity.
¢ Rehabilitate and maintain wells.

¢ Enhance fluoride blending pipeline.

e Construct fluoride treatment facility (if necessary).

e Conduct additional studies.

Secondary recommended capital improvements, which would be required to support new
development, in-fill development, or redevelopment, are estimated to cost $9.6 million (2008
dollars); much of this cost could be borne by developers. These secondary recommendations

would include:

e Replace 4.1 miles of pipeline.

e Establish new pressure zones.
— Cohila Pressure Zone
= New gravity storage
= Tanglewood and Abbott Booster Station reconfiguration
= Zone boundary reconfiguration
— Section 16 Pressure Zone
= New gravity storage

= New booster station

e Install new fire hydrants.
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1. Introduction

1.1 General Description

Located in the San Bernardino Mountains, the Big Bear City Community Services District
(BBCCSD) was formed in 1966 by a formation and consolidation election. The BBCCSD
encompasses 11 square miles and serves a population of approximately 10,500. It provides

water, sewer, fire protection/emergency medical services, and refuse collection services.

On December 4, 2007, the BBCCSD requested proposals from several firms for the update of
its water master plan, last issued in 1991. The team of Daniel B. Stephens & Associates, Inc.
(DBS&A), Civiltec Engineering, Inc. (Civiltec), and IDModeling, Inc. (IDM) submitted the
successful proposal for the planning effort. After board approval, a contract to implement the
proposed scope was issued on March 28, 2008. After several meetings with the managers,
board members, and BBCCSD staff, the scope was modified slightly to increase the focus of the
supply efforts toward available natural recharge, increased support for certain improvements,
and ongoing support of supervisory control and data acquisition (SCADA) and modeling efforts.
Various members of the team contributed jointly and independently to meet the needs of the
BBCCSD as directed.

1.2 Scope of Report
This report represents a collaborative culmination of the master planning efforts for the
BBCCSD. The report is divided into eight sections, each representative of efforts conducted in

the proposed scope of work. Appendices and modeling efforts are also submitted to provide

additional details.
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2. Land Use, Population, and Water Requirements

Water requirements vary with population, occupancy, and other social, economic, political, and
environmental factors. An adequate and reliable water supply plays a very important role in
BBCCSD’s sustained development. In order to achieve that sustained development, BBCCSD
must be prepared to deliver the estimated future water demand requirements. For this study,
future water demand was projected for near-term, ultimate, and build-out conditions. Near-term
conditions represent the projected demand in the year 2014, which includes the completion of
pending development. Ultimate conditions represent the projected demand in the year 2030,
which coincides with the planning horizon of San Bernardino County. Build-out conditions
represent the complete development of the BBCCSD Service Area based on current zoning and

land use, which directly influence future water demands.
2.1 Sphere of Influence

San Bernardino County Government Code Section 56076 defines a sphere of influence (SOI)
as “a plan for the probable physical boundaries and service area of a local agency, as
determined by the commission.” It is an area within which a city or district may expand, over an
undefined period of time, through the annexation process. In simple terms, an SOl is a planning

boundary within which a city or district is expected to grow into over time.

The purpose of an SOl is to encourage the “logical and orderly development and coordination of
local government agencies so as to advantageously provide for the present and future needs of
the county and its communities.” The following enumerated items comprise the statement of
purpose adopted by San Bernardino County Local Agency Formation Commission (LAFCO) for
SOls:

1. To promote orderly growth of communities, whether or not services are provided by a

city or district (board governed or independently governed)
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2. To promote coordination of cooperative planning efforts among the county, cities, special
districts, and identifiable communities by encouraging compatibility in their respective

general plans

3. To guide timely changes in jurisdiction by approving annexations, reorganizations, etc.,
within an SOI only when reasonable and feasible provision of adequate services is

assured

4. To encourage economical use and extension of facilities by assisting governmental
agencies in planning the logical and economical extension of governmental facilities and

services, thereby avoiding duplication of services

5. To provide assistance to property owners in relating to the proper agency to

comprehensively plan for the use of their property

6. To review, update, and/or change existing SOls periodically to reflect planned,

coordinated changes in factors which impact on SOls
7. To encourage the establishment of urban-type services only within an adopted SOI

Figure 2-1 shows the BBCCSD SOl and service area boundaries. The study area for this Water
Master Plan is the service area as shown in Figure 2-1. Portions of the BBCCSD Service Area

are served by Big Bear Lake Department of Water and Power (BBLDWP).

2.2 Existing and Proposed Land Use

Land use defines the types of uses for which a lot or parcel may currently be used. The
BBCCSD Service Area lies within the jurisdiction of unincorporated San Bernardino County.
The 2007 San Bernardino County General Plan identifies the vicinity of Big Bear City as part of
the Mountain Planning Region, which consists of those portions of the San Bernardino and San
Gabriel ranges that fall within the county border. The goal of the General Plan is to encourage

growth that preserves the forest character of the region. This goal is accomplished by limiting
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agricultural and industrial land use in preference of low-density residential housing that does not

detract from the alpine environment.

Table 2-1 summarizes the land use categories found within the BBCCSD Service Area.

Figure 2-2 shows the distribution of these categories throughout the BBCCSD Service Area.

An adjunct to the General Plan is the 2007 Bear Valley Community Plan, which addresses
specific planning concerns in the vicinity of Big Bear City. The purpose of the Community Plan
is to provide for orderly growth that will preserve the mountain character of the area and protect
the area’s natural resources. Certain guidelines from the Community Plan have been adopted

by this Water Master Plan where they pertain to the unique needs of BBCCSD.

2.3 Existing and Projected Population

San Bernardino County has one of the highest projected annual growth rates in Southern
California: 2.37 percent per year between 2000 and 2030 according to population forecasts
published by the Southern California Association of Governments (SCAG). According to SCAG,
projected growth in the vicinity of Big Bear City is more modest. Big Bear City lies within
Census Tract 114, which includes portions of unincorporated San Bernardino County to the east
of Big Bear Lake. Based on data published by SCAG for Census Tract 114, the estimated
annual growth rate is approximately 0.95 percent over the same period as shown in the

following calculation:

%) l
P=P@+i) = i= (ﬂj 1= (@j[] ~1=0.95%
P, 10,337

where P =the estimated population of Census Tract 114 in 2030
Po = the population of Census Tract 114 in 2000
n = the number of years under consideration

i =the annual population growth rate
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Another population projection for the region was published in the 2007 Bear Valley Community
Plan by the San Bernardino County Land Use Services Department. Growth in population,
households, and employment was projected for the combined communities of Big Bear City,
Fawnskin, Sugarloaf, Erwin Lake, Baldwin Lake, Lake Williams, and Moonridge (Table 2-2).
These communities are more representative of the BBCCSD Service Area, and more
conservative, than the Census Tract 114 used by SCAG.

The 2000 Urban Water Management Plan estimated the full-time population served by
BBCCSD at 7,884. Based on the growth projected in the 2007 Bear Valley Community Plan,
the service population will increase to 13,464 by 2030 (Table 2-3).

However, population growth may not be the most effective measure of BBCCSD'’s future water
demand. Due to the recreational nature of the Big Bear City economy, occupancy within the
district fluctuates seasonally, typically peaking in July and at the lowest level during the winter.
According to U.S. Census 2007 data, the residential vacancy percentage for Big Bear City is
approximately 52.3 percent. BBCCSD consumption meter readings for 2007 were analyzed to
correlate demand with the percentage of unoccupied residences. Because meters are read
bimonthly, the year was divided into 2-month periods, resulting in each meter being read only
once per period. The analysis showed that residences with meter readings of 500 cubic feet
(ft®) or less during a 2-month period were consistent with the U.S. Census vacancy percentage.
To put this result into perspective, a meter reading of 500 ft* is equivalent to an occupancy rate
of roughly 9 days per 2-month period, assuming an average household of 2.52 people and an

estimated average consumption rate of 167 gallons per capita per day (gpcd):

500 ft* household ) 7.48 gallons | personxday ~ 9 days
household ) 2.52 persons ft? 167 gallons |

In other words, an estimated 52.3 percent of Big Bear City residences are occupied less than
five days per month. Therefore, Big Bear City has the potential to experience a large change in
demand if full-time occupancy increases, even if the number of service connections remains

constant.
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A random sampling of 212 residential meters was analyzed to determine how to scale up
residential demand to account for the potential increase as a result of 100 percent occupancy.
The sample included meter readings from residences within each of the residential land use
categories identified in Table 2-1. For 2007, the average demand per unit for all residences in
the random sample was found to be 8,568 ft*> per year per unit. For the same period, the
average demand per unit for full-time residences was found to be 13,986 ft* per year per unit. A
full-time residence was considered any meter with no bimonthly reading lower than 500 ft°.
Dividing the full-time unit demand by the unit demand for all residences yields a scaling factor of
1.63 that may be applied to the average residential demand to determine the potential demand

at full occupancy:

(full time occupancy demandj 113,986 ft> per year per unit
average demand 8,568 ft> per year per unit

j51.63

Scaling the projected 2030 population by 1.63 and dividing by an average of 2.52 people per
household produces the projected number of households in 2030 at 8,709:

1.63x13,464 persons

= 8,709 households
2.52 persons per household

This value is slightly lower than the growth rate in new connections derived from BBCCSD data.
Over the past 25 years, from 1982 to 2007, the number of new service connections has
increased at an annual average rate of 1.48 percent. Based on input from BBCCSD staff, the
annual growth rate over the next 5 years is expected to be much lower, at approximately 0.25
percent. Using BBCCSD input and the historical service connection growth rate to project the

number of connections in 2030 yields an estimate of 7,901 connections (Table 2-4).

A portion of the total connections serve institutional, commercial, and industrial customers.
According to BBCCSD staff, there were 5,795 (96.3 percent) residential connections and
220 (3.7 percent) non-residential connections as of September 2008. Applying the same

breakdown of residential and non-residential connections to the 2030 projection for new
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connections (Table 2-4) yields 7,609 new residential connections and 292 new non-residential

connections.

The top 50 BBCCSD consumers from January 1, 2000 to March 15, 2008 are listed in
Table 2-5. As is evident in the table, although the relative number of non-residential
connections is quite small, their consumption is more significant, as they make up almost half of
the top users and account for 8 of the top 10 consumers. Non-residential demand was
calculated by adding the consumption from the 22 non-residential customers listed in Table 2-5
to an average consumption for the remaining non-residential connections equivalent to occupied
residences for the same time period. Non-residential demand is estimated to be approximately

13 percent of total consumption.

2.4 Water Meter Codes

The BBCCSD uses 12 water meter rate codes that are generally associated with meter size.
Table 2-6 lists the rate codes, meter sizes, number of meters, total demand per rate code, and

average demand per meter based on 2007 BBCCSD consumption records.

2.5 Water Loss

Water loss, also called unaccounted-for water, is the difference between water production and
water consumption. Typical sources of water loss include leaks or breaks in pipes, inaccurate
meters, illegal connections, fire flow, maintenance, and unmetered water use for construction,
landscaping, street sweeping, and dust control, among other uses. Because operations are
based on water production, any calculations derived from water consumption data must be

scaled up to reflect water loss.

Figure 2-3 demonstrates how water production and consumption totals have fluctuated since
2001. The difference between the two curves in Figure 2-3 represents water loss. Over the
past five years, the average water loss for the BBCCSD water distribution system was
approximately 9.4 percent. As shown in Table 2-7, water loss has increased substantially over

the past few years, from 3.8 percent in 2001 to 11.2 percent in 2007.
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2.6 Duty of Water and Water Requirements

A water duty factor (WDF) is a tool used to estimate future demand based on area and land use
category. Water demand within each of the San Bernardino County land use categories as

described in Section 2.2 was analyzed to determine the WDFs.

WDFs were calculated by dividing demand (consumption data scaled up by 9.4 percent to bring
them in line with production data) by area. For each San Bernardino County land use category
except community industrial (Cl), representative lots were chosen and analyzed. The total
annual demand for representative lots of each land use category was divided by their total area
and tabulated in Table 2-8. Also included is the average demand per meter for each land use

category.

Water demand for industrial purposes is highly dependent on the type of industry and must be

examined on a case by case basis. No industrial customers were considered in this analysis.
2.6.1 How to Use a Water Duty Factor
WDFs can be used to estimate the demand generated by a future development by performing

the following calculations using the appropriate factors from Table 2-8 and taking the higher of
the two totals.

WDF = Area (acres) = Demand, (ac —ft/yr)

[ac—ft/yr

j * (number of units) = Demand,, (ac — ft/yr)
meter

2.6.2 Build-Out Demand
Based on current land use designations and policy as provided in the 2007 Bear Valley

Community Plan, build-out demand has been estimated for the BBCCSD Service Area

excluding those areas presently served by the BBLDWP. Table 2-9 provides the acreage and
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maximum density of each land use category, the number of potential connections, the WDFs

developed in Table 2-8, and the potential build-out demands based on those WDFs.

2.6.3 Near-Term Development (2014)

BBCCSD staff have identified three pending or proposed developments that will account for a
portion of the projected new connections (Figure 2-4). Table 2-10 summarizes this near-term
development. As indicated in Table 2-10, a total of 345 new connections will be made as a

result of the three near-term developments.

2.6.4 Ultimate Development (2030)

In addition to the 345 near-term new development connections (Section 2.6.3), an additional
1,566 connections are projected to be added by 2030, for a total of 1,911 new connections.
Most of the additional 1,566 connections will be the result of development of unimproved areas
within the BBCCSD Service Boundary under the current land use designations. The remaining
connections will be due to densification of established areas (e.g., building on vacant lots,
splitting large lots into smaller lots) and extension of services to rural areas. Table 2-11 lists the
areas that have been identified for potential development, and Figure 2-4 shows the locations of

those areas. Densification may occur anywhere within the Service Boundary.

Table 2-12 summarizes projected increases in connections and average day demand (ADD) for

the existing, near-term, and ultimate planning periods.

2.7 Demand Fluctuations

The study period for demand fluctuations is the calendar year 2007. Daily BBCCSD production
data were used in this analysis. The ADD was calculated by dividing the total volume of water
produced during the study period by the total number of days in the period. Volumes for
maximum day and minimum day were identified by sorting the data. Because no hourly data
were available, peak hour demand (PHD) was calculated as two times the maximum day

demand (MDD) in accordance with industry standards (see Appendix A for methodology and
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calculations of MDD). Demand fluctuation is represented as a ratio of MDD, PHD, and
minimum day demand to the ADD. Table 2-13 summarizes the peaking factors, the flows

associated with those factors, and the period when the peaks occurred.

2.8 Fire Flow Requirements

The availability of sufficient flow and water pressure is a basic requirement of the fire
department. The goal for residential fire flow, which includes single-family residences and
duplexes, is 1,500 gallons per minute (gpm) at 20 pounds per square inch (psi) for a duration of
2 hours; fire hydrant spacing in residential areas shall be 600 feet on center. For all other
areas, the goal is 3,000 gpm at 20 psi for 3 hours, with fire hydrant spacing 300 feet on center.
These areas include multi-family residential other than duplexes, commercial, institutional, and
industrial zoning. Combining simultaneous flow from multiple adjacent fire hydrants to reach the

goal of 3,000 gpm is acceptable.
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3. Source of Supply

BBCCSD’s primary source of water supply is groundwater, whether developed through springs,
wells, or adits (horizontal wells). The springs, horizontal wells, and other geographical features
in the BBCCSD Service Area are shown in Figure 3-1. BBCCSD wells and their locations are
discussed in Sections 3.3 and 4. Precipitation within the watershed is the ultimate source of

recharge to the groundwater.
3.1 Water Quality

Groundwater quality within the Big Bear Valley groundwater basin is generally very good. As in
many areas where granitic bedrock is a source for sediment, a calcium-bicarbonate water
character is prevalent. Such a character indicates good mixing of waters and rapid natural
recharge. Water quality issues tend to be limited to fluoride and localized contaminants, namely
trichloroethylene (TCE) near Well 3.

Fluoride appears to be concentrated in the deepest alluvial aquifers of the basin, as indicated by
zone testing in pilot boreholes for the more recently constructed water wells. Fluoride can be
attributed to two sources: (1) hydrothermal springs where fluorite is a significant deposit along
veins and (2) evaporitic deposits where the element has been concentrated in prehistoric drying
lakes. Although flow from hydrothermal springs may ultimately have contributed to both modern
sources, the presence of fluoride in aquifers targeted for extraction by BBCCSD wells is likely
associated with the concentration of the element in waters of drying lakes throughout the past
few hundred thousand years. Current researchers (Kirby et al., 2006) have been using cores
through Baldwin Lake to identify ages and paleoclimatic indicators of the depositional
environments. Findings indicate a very old age (about 40,000 years of record within the upper
25 feet of sediment) of i