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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: 

• Replace 10.2 miles of pipeline. 

• Install new water meters with an automated meter reading device (fixed network). 

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

• Equip Well 3B with pump and motor to increase capacity. 

• Rehabilitate and maintain wells. 

• Enhance fluoride blending pipeline. 

• Construct fluoride treatment facility (if necessary). 

• 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: 

• Replace 4.1 miles of pipeline. 

• 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 

• 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 SOI is a planning 

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

The purpose of an SOI 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 

SOIs: 

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 SOIs periodically to reflect planned, 

coordinated changes in factors which impact on SOIs 

7. To encourage the establishment of urban-type services only within an adopted SOI 

Figure 2-1 shows the BBCCSD SOI 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: 
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where P = the estimated population of Census Tract 114 in 2030 
 P0 = 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 

(ft3) 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 ft3 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): 
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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 ft3 per year per unit.  For the same period, the 

average demand per unit for full-time residences was found to be 13,986 ft3 per year per unit.  A 

full-time residence was considered any meter with no bimonthly reading lower than 500 ft3.  

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: 

 63.1
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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: 
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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 (CI), 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.  
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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 intermittently drying lake sediments in the area, which would support the 

concept of a long-term buildup of fluorite concentrations in lake water and resultant evaporite 

deposits.  When the dry lake sediments are buried and vertically emplaced adjacent to the 

sands and gravels of aquifers, they can dissolve into groundwater.  Extraction of the 

groundwater from these aquifers can induce an advective component of fluoride contribution 

from the finer-grained units of ancient lacustrine sediments.  
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In recent years, TCE concentrations have been increasingly present in a few wells near the east 

end of the airport.  The source(s) of this contaminant is not yet known, but some investigation 

should be conducted to determine the full extent of the problem.  The highest TCE 

concentrations have been detected in Well 3; this is likely due to a combination of factors, 

including the well’s proximity to the source(s), shallow perforations, and lack of a competent 

deep annular seal.  Wells 3A and 3B were constructed to replace Well 3, which should be either 

modified or destroyed to prevent downward migration of contamination to deeper usable 

aquifers. 

3.2 Spring Water Reliability 

The BBCCSD extracts groundwater from two completed springs in the south end of the alluvial 

portion of the Erwin subunit of the Baldwin subwatershed.  Greenspot Spring and Fish Hatchery 

Spring (Figure 3-1) appear to flow due to a combination of factors, including a shallowing of 

bedrock depths and a facies change of alluvial fan deposits from coarser-grained gravels and 

sands to a finer clayey unit, possibly associated with ancient lake deposits.  Recharge from 

some of the highest elevations and areas that receive the greatest amounts of precipitation 

within the Bear Valley tributary area flows as groundwater that is impinged on these structures 

and forced toward the surface as springs.  Decades of development from these springs, a lack 

of significant nearby pumping of groundwater, and a lack of development in much of the area 

between the springs and the recharge areas indicate that these springs will continue to be a 

highly reliable source for the BBCCSD. 

In connection with the Big Bear Valley watershed recharge model efforts (Section 3.4), DBS&A 

reviewed the alluvial geology, topography, creek flow, and spring flow in the Erwin subunit.  

Field observations identified the discharging groundwater and the resulting spring flow to 

Arrestre Creek (Figure 3-1).  Based on these factors, DBS&A has estimated a range of potential 

losses from the groundwater basin to Arrestre Creek to the east to be 313 to 1,340 ac-ft/yr.  This 

flow would occur where alluvium from Gocke Valley (Figure 3-1) crops out in the canyon wall to 

the east of the basin.  Several seeps and springs are present in that area, and flow in Arrestre 

Creek increases significantly as the creek traverses the area east of the study area.  Discharge 

would also occur from the northeastern portion of the creek that links Gocke Valley and Erwin 
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Lake (Figure 3-1), in locations northeast of the east end of Deadman's Ridge (Figure 3-1).  

Recharge to the Gocke Valley alluvium and bedrock to the south is potentially susceptible to 

outflow from the basin as springs to the east.  The recharge potentially lost is between 313 and 

1,340 ac-ft/yr, likely on the lower end due to surface flow and pumped groundwater that would 

remain in the system.  Recharge that is tributary to the portion of the basin overlain by 

Deadman's Lake may also be susceptible to this outflow, as it is near a surface water divide that 

induces flow either east or west of Deadman's Ridge.  However, several wells extract 

groundwater from the alluvium in this area, and actual outflow would likely remain within the 

313- to 1,340-ac-ft/yr range.  

Potentially lost recharge occurs in an area of less than 1 square mile of the study-area 

groundwater basin.  The estimate of this discharge was calculated based on the cells of the 

recharge model affected by the discharge, their respective areas, and the amount of recharge 

calculated for those cells.  As such, the estimate can be thought of as the amount of recharge 

“lost,” rather than a direct estimate of discharge.  Nonetheless, the discharge is real and has 

been observed.  Additional investigation beyond the scope of DBS&A’s contract with the 

BBCCSD is required to provide a more rigorous estimate of the discharge.  

In addition to the BBCCSD-developed springs, other springs east and northeast of the basin 

provide additional exit points for Big Bear Valley groundwater basin water.  Several named 

springs (Figure 3-1) are fed by water within the bedrock that is impounded by a low-angle 

reverse fault and lithologic changes: 

• Smart Spring 

• Squirrel Spring 

• Canyon Spring (may also provide exit of alluvial groundwater) 

• Granite Spring 

Volumes of discharge from these springs are not quantified.  Some have been “completed” by 

users along Lone Valley (Figure 3-1).  Outflow from these extra-basin springs, especially those 

associated with faulting and bedrock northeast of the basin, could likely increase as fractures 
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are mobilized during earthquakes.  Such a phenomenon could conceptually have occurred 

when water levels in the basin decreased following the Big Bear earthquakes of 1992. 

3.3 Well Water 

The current well water sources for the BBCCSD include 11 active vertical wells, 2 inactive 

vertical wells, and 2 horizontal wells (Section 4).  Wells 1, 1B, 2, 3, 3A, 4, 4A, 6, 8, 9, and 10 are 

currently active.  Wells 5 and 7, which have low production rates, are currently inactive.  

Well 3B, which will replace Well 3, has been constructed but is not yet registered as an active 

source.  Van Dusen Wells 1 and 2 comprise the active slant (horizontal) wells (Figure 3-1).   

Pumps lift groundwater into the transmission system from the vertical wells.  The slant wells flow 

under gravity into the BBCCSD system.  Active wells are linked into the BBCCSD’s SCADA 

system, which automatically records water levels, pumping rates, and certain water quality 

parameters.  The following paragraphs describe conditions of active wells as observed during a 

field visit by DBS&A on June 9, 2008. 

Van Dusen Wells 1 and 2 are near the locations where springs historically flowed from granitic 

bedrock fractures in Van Dusen Canyon.  Both wells are completed with steel piping and 

redwood boxes.  Each well pipe has a slight downward slant, at an angle of approximately 

3.5 degrees from horizontal as measured at ground surface.  Van Dusen Well 1 trends 

305 degrees (55 degrees west of north) and was advanced 395 feet into the mountainside.  Van 

Dusen Well 2 trends 290 degrees (20 degrees north of west) and was advanced 400 feet into 

the mountainside.  The two Van Dusen slant wells typically produce at a combined flow rate of 

40 to 300 gpm, depending on the amount of water in storage and head in the fractured bedrock 

aquifers supplying the wells. 

Well 1 was pumping at 220 gpm during DBS&A’s field visit.  Earlier in the day, the static water 

level was 48.6 feet and the pumping level was 71.5 feet; this equates to a specific capacity of 

9.6 gallons per minute per foot (gpm/ft) of drawdown.  Well 1 is 111 feet deep and consists of a 

12-inch-diameter casing. 
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Well 1B was pumping at 360 gpm during DBS&A’s field visit.  This 332-foot-deep well was 

drilled in 1958 and consists of a 16-inch-diameter casing perforated from 100 to 312 feet below 

ground surface (bgs).  

Well 2 was producing at 86 gpm during DBS&A’s field visit, with a pumping water level of 

60.5 feet.  Drilled to a depth of 248 feet bgs in 1958, this 16-inch cased well is perforated from 

40 to 218 feet bgs.  Water quality is adequate to be pumped directly into the system. 

Well 3 was not pumping during DBS&A’s field visit as it is designated for emergency use only, 

but had a static water level of 28.6 feet bgs.  This well was drilled to 324 feet bgs in 1958, with 

its 16-inch-diameter casing perforated from 52 to 115 feet bgs, 135 to 240 feet bgs, and 304 to 

316 feet bgs.  Due to the recently increasing TCE concentrations and historical high fluoride 

concentrations, this well should be converted to a triple completion monitoring well as soon as 

feasible.  Depth-discrete casings that isolate the two lowest sets of perforations can provide key 

information regarding TCE, fluoride, and individual aquifer hydrologic characteristics. 

Well 3A, also known to be high in fluoride, was pumping at 150 gpm during DBS&A’s field visit.  

The pumping water level was 42.7 feet, drawing down 26.2 feet from a static level of 16.5 feet.  

The specific capacity of the well was 5.7 gpm/ft of drawdown in this 203-foot-deep well drilled in 

1987.  Perforations are from 91 to 129 feet bgs and 136 to 166 feet bgs. 

Well 3B has yet to be equipped, but was drilled in 2000 and cased to a depth of 810 feet bgs.  

Anticipated production rates of 1,000 gpm were recommended, but because of fluoride 

concerns, the produced water will likely need treatment or blending.  The 16-inch-diameter 

casing is perforated from 130 to 250 feet bgs, 295 to 530 feet bgs, and 630 to 790 feet bgs.   

Well 4 was drilled in 1980 to a depth of 110 feet.  Based on video log surveys, the 

12-inch-diameter steel casing has louvered perforations from 63 to 102 feet.  Typical pumping 

rates are 190 gpm with about 30 feet of drawdown; hence, the specific capacity of the well is 6.3 

gpm/ft of drawdown.  The pump is set at 84 feet with a pressure transducer set at 80 feet. 
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Well 4A was drilled in 1987 to 120 feet and cased to a depth of 116 feet.  The 8-inch diameter 

casing is equipped with continuous wire-wrapped screen from 42 to 80 and 86 to 106 feet.  

Despite the higher perforations, a 50-foot-thick cement annular seal is placed around a 

24-inch-diameter conductor casing; gravel approaches the ground surface between the 

conductor casing and the 8-inch-diameter casing.  The typical production rate is 100 gpm using 

the submersible pump set at 85 feet.  Approximately 30 feet of drawdown is typical in this well, 

indicating a specific capacity of 3.3 gpm/ft of drawdown. 

Well 6 was drilled to 150 feet bgs and has a 10-inch-diameter casing perforated from 80 to 140 

feet bgs.  During DBS&A’s site visit, Well 6 was pumping at 140 gpm, inducing a pumping water 

level of 61.1 feet.  From a static water level of 23.4 feet, drawdown was 37.7 feet, resulting in a 

specific capacity of 3.7 gpm/ft of drawdown.   

Well 8 was drilled in 2003 and cased to a depth of 380 feet bgs with 12¼-inch-inside diameter 

casing.  Perforations are from 90 to 175 feet bgs, 195 to 245 feet bgs, and 260 to 360 feet bgs.  

Iron and manganese concentrations require treatment using greensand vessels. 

Well 9 was producing groundwater at about 175 gpm with a pumping water level of 163 feet.  

This 536-foot-deep well is perforated from 200 to 362 feet bgs and 470 to 516 feet bgs.  Water 

quality is adequate for direct pumping into the system. 

Well 10 was drilled in 2003 and completed to a depth of 640 feet bgs with perforation intervals 

from 195 to 295 feet bgs and 545 to 620 feet bgs.  During the site visit this well was pumping at 

94 gpm with a pumping water level of 188 feet, representing drawdown of 20 feet and a specific 

capacity of 4.7 gpm/ft drawdown.    

3.4 Groundwater Recharge 

DBS&A evaluated natural recharge to groundwater within the Big Bear Valley groundwater 

basin in the southwestern corner of San Bernardino County, California.  The objective of the 

recharge evaluation was to quantify the portion of precipitation that recharges the basin.  As 

shown on the location map (Figure 3-1), the Big Bear Valley groundwater basin is defined 
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topographically as the area in which precipitation runoff and snowmelt flow toward Big Bear 

Lake and Baldwin Lake. 

DBS&A’s recharge evaluation analyzed the surface and shallow subsurface.  The method 

consisted of a basin-wide soil-water balance analysis.  Site-specific data collected during the 

investigation were used in the computations.  In addition, the site-specific results were 

compared to the results of various previous estimates of recharge and perennial safe yield.  In 

general, the project approach used a water balance methodology previously applied in Nevada, 

one similar to that applied by the U.S. Geological Survey (USGS) in the Big Bear Valley (e.g., 

Flint et al., 2007). 

3.4.1 Basin-Scale Soil-Water Balance Model 

A soil-water balance model is a tool that allows evaluation of the magnitude of various 

components of the hydrologic cycle as it is applied to the soil.  Such models have been 

available for many years (e.g., Leavesley et al., 1983) and applied in arid areas, including 

Nevada and the Tule Desert (Flint et al., 2004; Flint and Flint, 2007) and Big Bear Valley (Flint 

et al., 2007).  These models generally simulate water within a certain soil depth interval and 

incorporate topography, the hydraulic properties of soil and bedrock, and meteorological data in 

order to distribute precipitation among snow sublimation, evapotranspiration, runoff, soil 

moisture storage, and deep percolation.   

In the model, the basin surface is discretized so that the water balance is computed over 

relatively small areas.  It is assumed that the deep percolation below the root zone, sometimes 

referred to as net infiltration, will eventually become groundwater recharge.  There is a lag time 

before deep percolation reaches the water table and becomes recharge, so the calculated 

recharge may not be immediately available as extractable groundwater.   

These models can be useful predictors of the amount and spatial distribution of recharge at the 

basin scale, especially when site-specific data are used for model input and small time steps are 

used.  The model that DBS&A used for the Big Bear Valley model is called a distributed 

parameter watershed model (DPWM) and is described further in Section 3.4.4. 
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3.4.2 General Description of the Big Bear Basin and Model Domain 

BBCCSD is located in Big Bear City, California.  The primary source of water supplied to its 

customers is groundwater derived from the Big Bear Valley groundwater basin.  The Big Bear 

Valley watershed and groundwater basin is located in the San Bernardino Mountains of 

southwestern San Bernardino County California.  

3.4.2.1 Location, Physiography, and Climate 

The Big Bear Valley basin lies within the San Bernardino Mountains, a transverse mountain 

range on the southern edge of the Mojave Desert.  The basin is roughly 14 miles long from east 

to west and 7 miles wide from north to south.  There are two lakes in the middle of the basin: 

Big Bear Lake and the ephemeral Baldwin Lake.  Big Bear Lake empties on the west into Bear 

Creek, which is a tributary of the Santa Ana River.  Baldwin Lake sits in a local depression and 

does not empty to any other body of water.  Big Bear Lake lies at an elevation of approximately 

6,800 feet above mean sea level (msl) and Baldwin Lake lies at approximately 6,700 feet msl, 

with the surrounding mountains rising to between approximately 7,800 and 8,600 feet msl.  Big 

Bear Lake is unique among southern California populated areas in that it normally receives 

significant winter snowfall, averaging around 60 inches at lake level. 

The climate in the valley is mild, with temperatures increasing slightly to the east.  The warmest 

month of the year is July, with average high and low temperatures of 80.9°F and 47.1°F, 

respectively.  The coolest month is January, with average high and low temperatures of 47.1°F 

and 20.7°F, respectively.  At the Big Bear Lake Dam, the mean maximum and minimum 

temperatures are 58.9°F and 30.1°F, respectively.  At the Big Bear Lake weather station 

(currently measured at the fire station), the mean maximum and minimum temperatures are 

62.2°F and 31.8°F, respectively.  In Big Bear City (measured at the BBCCSD), the mean 

maximum and minimum temperatures are 64.9°F and 31.9°F, respectively. 

3.4.2.2 Precipitation 

Precipitation in the Big Bear Valley basin has been measured and recorded at sites along the 

valley for many decades, but little data are available for the mountains that surround the basin.  

Precipitation in the mountains should be greater than in the valley, especially to the south where 

P:\_WR08-064\MasterPln-Fnl.1-10\BBCCSD-MstrPln_112.doc 3-8 



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

mountains are the highest within the basin.  Precipitation data in the valley show that the 

amount of precipitation decreases from west to east.  At the Big Bear Lake Dam, the mean 

annual measured precipitation is 35.6 inches.  In Big Bear Lake (currently measured at the fire 

station), the mean annual measured precipitation is 21.8 inches.  In Big Bear City (measured at 

the BBCCSD), the mean annual measured precipitation is 14.5 inches.  At the Green Canyon 

Springs, the mean annual measured precipitation is 15.4 inches.  Precipitation normally occurs 

about 45 days a year. 

In June 2008, DBS&A evaluated seven precipitation gauges in the Big Bear Valley basin:   

• Two of the precipitation gauges are National Weather Service (NWS) gauges.  These 

gauges are monitored by other agencies and are located at the Bear Valley Dam and the 

Big Bear Lake Fire Department.  They have been in operation for decades and provide 

long-term precipitation data for the basin. 

• The Big Bear Municipal Water District (BBMWD) owns and monitors a precipitation 

gauge at the Bear Valley Dam, located close to the NWS gauge.   

• Three of the evaluated gauges are maintained by the BBCCSD: one gauge at Green 

Canyon Springs and two at BBCCSD headquarters, although the older of the 

headquarters’ gauges has since been retired.  The newer gauge was installed in a 

different setting, and both gauges were monitored concurrently for many months to 

provide a means of evaluating differences in measured precipitation.   

• The California Irrigation Management Information System (CIMIS) Big Bear Lake 

weather station #199 (Big Bear CIMIS) is located at the Bear Mountain Golf Course. 

Each station was visited to observe what type of precipitation gauge was being used and where 

each gauge was sited.  Elevations and locations of the precipitation gauges and weather 

stations were measured with a Garmin GPSMAP 60Cx global positioning system (GPS) unit, 

which is accurate to ±10 feet horizontally and 33 feet vertically. 
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The NWS precipitation gauges are identified as Big Bear Lake and Big Bear Lake Dam.  Both 

gauges are of the same type with an 8-inch orifice at the top for accepting precipitation.  The 

gauges have been moved since their original dates of installation.  Information to only the 

nearest minute of a degree was available on the detailed siting of stations at their previous 

locations.  The Big Bear Lake gauge was originally installed in 1960 and the Big Bear Lake Dam 

gauge was installed in 1933.  Precipitation data and locations to the nearest minute can be 

found at the National Climatic Data Center (NCDC) website (NCDC, 2009). 

The NWS Big Bear Lake gauge is monitored daily, on behalf of the NWS, by the City of Big 

Bear Lake Fire Department.  The station was not found during the survey, but a description was 

provided by the fire department.  The gauge is located at the Big Bear Lake fire station at an 

elevation of 6,760 feet msl and 34° 15’ north latitude and 116° 54’ west longitude.  The gauge 

sits in a yard about 4 feet from and slightly below a cinder block wall.  The gauge is not near any 

trees that may affect its performance.  In the past, the Big Bear Lake gauge has been sited 

1 minute east or west of its present location, but the latitude has not changed.  The gauge has 

no windshield.  Precipitation data date back to 1960. 

The Big Bear Lake Dam NWS gauge data are collected remotely, on behalf of the NWS, by the 

San Bernardino County Flood Control District (SBCFCD).  Staff from the SBCFCD visit the 

gauge periodically to download data and empty the gauge.  The gauge is on a hill to the 

southeast of the dam, located at a ground surface elevation of 6,840 feet msl and 34° 14.489’ 

north latitude and 116° 58.507’ west longitude.  In the past, the NWS Big Bear Lake Dam gauge 

has been sited 1 minute further north and 1 minute further west.  The gauge is approximately 

12 feet above ground surface and has a windshield to mitigate the effects of air currents.  The 

gauge is not designed to melt snow, so it may fill up to capacity during a prolonged snowfall 

event.  Once the gauge is full, any additional snow would be prevented from entering the gauge 

and thus being recorded, so the gauge may be misreporting total precipitation.  Nearby trees 

that may not have been mature when the gauge was originally installed may also cause the 

gauge to misreport precipitation.  To accurately record precipitation, the gauge requires open 

space above the gauge in the shape of an inverted cone (NWS, 1989; WMO, 2006).  The upper 

reaches of some of the trees in the area are within the cone and can possibly deflect 

precipitation that would have entered the gauge.  Precipitation data date back to 1933. 
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The BBMWD 8-inch precipitation gauge is approximately 25 feet from the NWS Big Bear Lake 

Dam gauge.  The gauge is located at a ground surface elevation of 6,839 feet msl and 34° 

14.494’ north latitude and 116° 58.507’ west longitude.  The gauge is approximately 8 feet 

above ground and has a windshield to mitigate the effects of air currents.  The gauge contains 

antifreeze to melt snow, so the full amount from a heavy snowfall will be reported.  Similarly to 

the NWS gauge, the BBMWD gauge may be impacted by nearby trees. 

The BBCCSD maintains a precipitation gauge and weather station on the west side of its 

building.  The current precipitation gauge replaced one that was located at a ground surface 

elevation of 6,773 feet msl and 34° 15.678’ north latitude and 116° 50.661’ west longitude.  The 

new precipitation gauge, not accessible at the time of the evaluation, is approximately 30 feet 

northwest and at the same elevation as the previous precipitation gauge.  The precipitation 

gauge is approximately 4 feet above the ground and has a windshield to mitigate the effects of 

air currents.  The gauge is sufficiently far from overhead obstacles.  The weather station sits 

about 10 feet south of the precipitation gauge.   

The current precipitation gauge went into service in December 2007.  The gauges were kept in 

service concurrently to determine the comparability of the data.  The new gauge recorded 

greater amounts of precipitation for the same precipitation events (personal communication with 

Tim Moran, BBCCSD).  The old gauge was maintained at 8 feet above ground surface atop the 

corner of a cinder block wall.  Ground level air currents were likely deflected over the wall, and 

the upward air flow likely caused some of the precipitation to be deflected away from the gauge.  

This effect may have resulted in erroneously low precipitation measurements by the old gauge.  

Precipitation data date back to 1950. 

BBCCSD also maintains an 8-inch precipitation gauge at Green Canyon Springs.  The gauge is 

located at a ground surface elevation of 6,944 feet msl and 34° 14.141’ north latitude and 

116° 48.301’ west longitude.  The gauge is approximately 8 feet above ground and does not 

have a windshield to mitigate the effects of air currents.  The gauge is free of overhead 

obstacles, but nearby small trees and a large water tank may mitigate the effects of wind.  

Precipitation data date back to 1963.  
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The CIMIS weather station (#199) is located in a field at the Bear Mountain Golf Course.  The 

precipitation gauge is located at a ground surface elevation of 6,903 feet msl and 34° 14.257’ 

north latitude and 116° 51.953’ west longitude.  The gauge uses a tipping bucket that records in 

hundredths of an inch.  The gauge is approximately 5 feet above ground and does not have a 

windshield to mitigate the effects of air currents, but the chain link fence enclosure may act as a 

windshield.  The gauge does not melt snow and may under-report during heavy snow events.  

There is a screen over the collection funnel for keeping objects from interfering with the gauge’s 

tipping mechanism.  Snow may build up on the screen, though it will be recorded as it melts.  

The weather station is located in an open field in the middle of the golf course.  Precipitation 

data date back to 2005 and can be found on the CIMIS website (CIMIS, 2009). 

3.4.2.3 Surface Drainage 

Surface drainage within the Big Bear basin flows either toward Big Bear Lake or Baldwin Lake.  

The basin is divided into 11 subunits.  Flow from 7 of the subunits is directed toward Big Bear 

Lake and flow from 4 of the subunits is directed toward Baldwin Lake.  Flow occurs either as a 

result of runoff and snowmelt or from springs.  Some of the streams are ephemeral and flow 

only after rainfall or as the snowpack is melting.  The length of the snowmelt is variable and, 

therefore, so are the times when the streams have water.  Baldwin Lake is an endpoint for 

surface drainage in the eastern part of the basin.  Big Bear Lake flows into Bear Creek, which is 

tributary to the Santa Ana River. 

3.4.2.4 Vegetation 

The vegetation in the Big Bear basin is dominated by two general types of vegetation:  

(1) coniferous forests of pines and firs and (2) piñon and juniper woodlands.  The coniferous 

forests dominate the western and southern areas of the basin and the southern part of the Van 

Dusen subunit.  The piñon and juniper woodlands dominate the eastern and northern areas of 

the basin.  The eastern and northern areas also contain regions of sagebrush and agricultural 

land used mostly for fodder crops. 
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3.4.2.5 Geology (Flint et al., 2007) 

Big Bear basin is a geologically complex area on the north side of the San Bernardino 

Mountains.  For the purposes of this report, the geological units are generalized into pre-Tertiary 

basement rocks, Tertiary sedimentary deposits, and Quaternary alluvial deposits.   

• The basement rocks are dominated by (1) large Cretaceous granitic bodies ranging in 

composition from monzonite to gabbro, (2) metamorphosed sedimentary rocks ranging 

in age from late Paleozoic to late Proterozoic, and (3) Middle Proterozoic gneiss.  These 

rocks are deformed by normal, reverse, and thrust faults, and in places are tightly folded.  

In general, the basement rocks are of low permeability and are not considered a major 

water-bearing unit except in fractures and weathered zones. 

• The Tertiary sedimentary deposits overlie the basement rocks throughout most of the 

study area.  This stratigraphic unit consists primarily of consolidated to partly 

consolidated alluvial fan deposits and probably yields only small quantities of water to 

wells.  These deposits are predominantly exposed on the south side of the Baldwin Lake 

at the base of the mountains and are reported to be greater than 1,000 feet thick in 

some areas. 

• Quaternary alluvial deposits overlie the Tertiary sedimentary deposits and basement 

rocks throughout much of the groundwater basin.  Mapped quaternary alluvial deposits 

were generalized into older alluvium and recent alluvium:   

− The older alluvium consists predominantly of clay and sandy clay with interbedded 

layers of sand and gravel near Big Bear Lake and coarsens to predominantly sand 

with some gravel and interbedded layers of silt and clay toward Baldwin Lake.  

Beneath Baldwin Lake the alluvial deposits consist primarily of lacustrine clay 

deposits.  The thickness of the clay deposits range from 0 feet at the margins of 

Baldwin Lake to more than 270 feet.  The coarse-grained layers in the older alluvium 

are probably the major water-bearing units in the groundwater basin. 
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− Recent alluvium is present predominantly in the surface drainages in the watershed 

outside of the groundwater basin and in the shallow subsurface between Big Bear 

and Baldwin Lakes.  The recent alluvium consists of permeable sand and gravel 

deposits with minor interbedded layers of silt and clay.  Most of the recent alluvium is 

above the water table.  Where present, the permeable recent alluvium allows for 

rapid infiltration of available rainfall and runoff. 

3.4.3 Water Balance Modeling 

3.4.3.1 Conceptual Model 

Groundwater recharge in the Big Bear Valley basin occurs through various processes.  As used 

herein, recharge is defined as water that reaches the regional water table within the Big Bear 

Valley basin and does not exit the basin through underflow.  In places, the regional water table 

lies within the bedrock, based on water levels in deep wells and the locations of springs in the 

uplands.  But in portions of the interior of the basin, the water table lies within the alluvium.  The 

water table in the alluvium is seasonally variable and ranges from artesian to a few tens of feet 

below land surface.   

Groundwater within the bedrock and alluvial aquifers in the Big Bear Valley basin is derived 

from recharge that originates from precipitation falling within the basin.  Groundwater discharge 

from the basin occurs by flow in alluvium in the southeast part of the basin, specifically the 

Erwin subunit.  Groundwater discharge out of the basin has been evaluated external to the 

water balance model for this project.  Groundwater also discharges within the basin from 

springs.  Flow from these springs either percolates back into the ground or enters Big Bear Lake 

as runoff.  Groundwater flow that discharges from springs and enters Big Bear Lake as stream 

runoff has also been evaluated external to the water balance model for this project. 

The recharge potential depends on a variety of factors, including the amount and duration of 

precipitation, surficial and bedrock geology, soil depth and permeability, land surface slope and 

orientation, and vegetation, among others.  Although potential evapotranspiration may exceed 

precipitation on an annualized basis over a basin, during winter or early spring months or during 
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brief and intense summer storms, potential evapotranspiration can be less than precipitation; at 

this time, there is the greatest potential for recharge.   

In the more mountainous terrain where bedrock is exposed, recharge occurs where infiltration of 

rain and snowmelt penetrates below the root zone.  In these areas, where there is no soil and 

bare rock is exposed at the surface, vegetation is very sparse because there is little potential to 

store moisture during dry periods.  Infiltrability is high where the bedrock is permeable, such as 

in carbonate outcrops, and is believed to be relatively lower in the volcanic rock outcrops, 

except where these rocks are highly fractured.  Greater recharge will be expected in the alluvial 

fan heads at elevations where precipitation is greater than in the valley floor and where the soils 

are thick and have high permeability.  

Precipitation that does not result in runoff infiltrates permeable surfaces, percolates through 

surficial soils, and is stored as soil moisture.  A portion of this soil water is captured by 

vegetation and is lost by evapotranspiration; what is not captured migrates downward toward 

the water table.  This areally distributed water that percolates below the plant root zone and 

ultimately reaches the water table is called diffuse natural recharge. 

3.4.3.2 Model Domain 

The model domain includes the Big Bear Valley basin and the components of the water 

balance.  For the model, the basin is defined as the topographical area where surface water 

flows toward either Big Bear Lake or Baldwin Lake.  The lakes are outside the model domain.  

Groundwater flow out of the basin and spring flow, defined as groundwater discharge, are 

estimated outside the model and subtracted from the model’s recharge estimate. 

3.4.3.3 Distributed Parameter Watershed Model Description 

DBS&A has developed a DPWM similar in concept to water balance models used by the USGS 

in Nevada (e.g., Basin Characterization Model [BCM] [Flint and Flint, 2007], INFIL [Hevesi et al., 

2003]).  At the time of model development, the USGS had not yet made these codes publicly 

available, therefore necessitating the development of DBS&A’s proprietary code.  A detailed 

description of the DPWM is included in Appendix B.   
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The DPWM generally uses a daily time step over variable grid cell sizes that can range up to 

8,100 square meters (m2) (90 meters by 90 meters).  Water balance components accounted for 

in the model include precipitation, bare soil evaporation, transpiration, runoff, run-on, snow 

accumulation, snowmelt, snow sublimation, soil-water storage, and net infiltration.  Transpiration 

is the evaporation of water from plants, which replace the water by absorbing soil moisture.  

Snow sublimation is a process by which snow evaporates without melting first.  A schematic of 

the water balance components for a model cell is shown in (Figure 3-2).   

A bedrock boundary is placed at the bottom of cells with shallow soil depths that will restrict 

infiltration when the saturated hydraulic conductivity of the bedrock is less than that of the soil.  

Unlike the USGS BCM model, the DPWM accounts for the routing of runoff through the 

watershed.  Runoff is the only means by which water can travel from one cell to another.  Water 

that infiltrates the surface layer can drain to deeper layers (eventually becoming recharge), be 

lost by evapotranspiration, or added to soil water storage. 

The model generally relies on the widely accepted FAO-56 method for computing actual 

evapotranspiration (AET) from the reference evapotranspiration (ET0), which is estimated using 

the Penman-Monteith method (Allen et al., 1998).  Evapotranspiration is the combination of 

evaporation and transpiration into one overall process that accounts for moisture extracted from 

soil.  The FAO-56 method was developed by the Food and Agricultural Organization of the 

United Nations to provide a standardized and relatively simple method to accurately estimate 

crop water requirements under a wide range of climatic conditions.  In 2005, the American 

Society of Civil Engineers (ASCE) reviewed several common methods for determining ET0.  The 

report concluded that the FAO-56 and ASCE standardized methods perform equally well and 

are the two recommended methods for calculating the ET0 (Allen et al., 2005a).  Temesgen et 

al. (2005) compared the FAO-56, ASCE standardized, and one other method at 37 agricultural 

weather sites in California and found good agreement among the methods for semiarid, arid, 

and humid locations.     

The DPWM computes drainage using either the field capacity model or the van Genuchten-

Mualem model (VGM).  The field capacity model is commonly used (e.g., in the HELP, INFIL, 

BCM, and PRMS models) and computes drainage as the water in excess of the field capacity of 
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the soil.  The VGM method uses the Mualem (1976) equation along with the van Genuchten 

parameters of fit to the water content-capillary pressure relationship.  The VGM method is an 

intermediate approach between the simpler field capacity bucket models (e.g., in the HELP, 

INFIL, and BCM models) and the computationally intensive numerical solution of the Richards 

equation (Richards, 1931).  The VGM method averages the water content over the cell 

thickness and assumes that with a unit downward gradient, drainage occurs at a rate equal to 

the corresponding unsaturated hydraulic conductivity.   

The FAO-56 method (Allen et al., 1998) computes an ET0 value using the Penman-Monteith 

equation that represents evapotranspiration from an extensive surface of green grass of uniform 

height, actively growing and adequately watered.  The ET0 is modified for any agricultural or 

natural vegetation type using crop coefficients (Kcb).  A coefficient of 1.0 represents the 

reference grass vegetation.  Coefficients less than 1 represent less dense vegetation, and 

coefficients greater than 1 represent more dense vegetation.  The FAO-56 method supplies 

equations for computing Kcb for natural vegetation using site-specific climate data and a 

measure of the vegetation density (e.g., leaf area index [LAI]).  Further adjustments to the Kcb 

provided by FAO-56 include stomatal resistance adjustments that account for the ability of 

desert vegetation to conserve water. 

The Penman-Monteith evapotranspiration computation in FAO-56 includes adjustments for 

cloud cover when precipitation occurs and adjustments for sky clearness.  The sky clearness 

coefficient was chosen as the standard value for locations where air masses are influenced by a 

nearby water body.  The value chosen represents a conservative condition because it leads to a 

greater amount of evapotranspiration, which results in less water available for recharge.  In 

addition, the solar radiation is modified for slope and aspect of the land surface. 

3.4.3.4 Model Input Data 

Data were collected and model parameters evaluated using, in order of preference: published 

site-specific data, site-specific literature sources, general literature sources, and estimates 

based on properties.  Table 3-1 lists the sources of data for each input category to the water 

balance model. 
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3.4.3.5 Climate 

Direct climate inputs to the DPWM are for one reference cell location and include daily total 

precipitation, maximum daily air temperature, minimum daily air temperature, average daily wind 

speed, and duration of precipitation events.  For the daily total precipitation, maximum daily air 

temperature, and minimum daily air temperature inputs, DBS&A used the DAYMET climate 

model data provided online by the University of Montana (DAYMET, 2007).  For the precipitation 

intensity and wind speed, DBS&A used observed hourly data collected at the Big Bear CIMIS 

station for water year 2006.  The Big Bear CIMIS station went online in 2005, so 2006 water 

year is the earliest complete water year data providing wind speed data and hourly precipitation.  

The Big Bear CIMIS station is the only weather station in the basin that collects and publically 

posts these data, which is one of the reasons the Big Bear CIMIS station location was chosen 

as the reference cell location for the model.  Another reason this station was chosen is that the 

station is centrally located between the eastern and western boundaries of the basin  

DAYMET performs a spatial and temporal analysis of existing regional weather station data to 

estimate a 23-year record (water years 1981 through 2003) for any location in the U.S.  

DAYMET uses numerical methods to account for the typical heterogeneous distribution of 

stations in complex terrain.  For the reference cell location, the DAYMET modeled precipitation, 

maximum daily air temperature, and minimum daily air temperature and these data were 

included in the climate data input file for the DPWM.  The mean precipitation interpolated by 

DAYMET for the Big Bear CIMIS for water years 1981 through 2003 was 24.2 inches per year 

(in/yr).   

Although DAYMET provides several data types, including solar radiation and relative humidity, 

only total daily precipitation and minimum and maximum air temperature data from DAYMET 

were used.  Relative humidity data provided by DAYMET were not used because of a concern 

that the DAYMET model may not accurately predict relative humidity in semiarid environments.  

Instead, the relative humidity was calculated from the dewpoint temperature, which in semiarid 

environments is typically less than the minimum daily air temperature (Allen et al., 1998). 

The other inputs to the reference cell were the wind speed and duration of precipitation events.  

The Big Bear CIMIS station is the only source of wind speed data, and the 2006 water year data 
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was the only complete water year data set, so it was applied to each year in the model.  The 

duration of precipitation events is calculated from DAYMET’s modeled daily precipitation and 

the mean hourly precipitation intensity calculated from CIMIS data for the 2006 water year.  For 

each day in the model, the daily precipitation divided by the hourly precipitation intensity yields 

the duration in hours.  If the calculated duration exceeded 24 hours, the 24-hour time frame was 

used in the model.  Using the Big Bear CIMIS data, the mean hourly precipitation intensity was 

calculated by dividing the total precipitation by the total number of hours the precipitation was 

recorded.   

The precipitation lapse rate is also a direct input into the DPWM.  The precipitation lapse rate is 

a precipitation correction for elevation relative to the reference location precipitation.  It is also 

computed from DAYMET model data.  The precipitation lapse rate was estimated for the Bear 

Valley basin using DAYMET mean annual precipitation estimates from 11 locations within the 

basin (Figure 3-3), including the Big Bear CIMIS.  The precipitation gauge sites at Big Bear Lake 

Dam, Big Bear Lake fire station, BBCCSD, and Green Canyon Springs were also included in the 

11 locations.  The other locations were chosen to provide a wide distribution of elevations and 

lateral coverage around the basin (Flint et al., 2007).  For each location, the DAYMET 

precipitation model data were generated and analyzed to provide the mean annual precipitation.  

The lapse rate was estimated by performing a linear regression on the mean annual 

precipitation versus elevation for the 11 locations.  The precipitation history from 1981 to 2003 

for each cell in the model domain was then computed by applying the elevation lapse rate to the 

reference cell precipitation.   

The temperature data were corrected for elevation using a temperature lapse rate estimated by 

the same method and locations used for the precipitation lapse rate.  The lapse rates in DPWM 

were constant for all years and were based on average conditions over the interval 1981 to 

2003. 

3.4.3.6 Soils 

Soils data were obtained from the U.S. Department of Agriculture (USDA) SSURGO database, 

which contains electronic soil type and characteristic data from field surveys conducted by the 

USDA in San Bernardino County, California, including the Big Bear Valley basin (Figure 3-4, 
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Table 3-2).  In particular, the range of saturated hydraulic conductivity values for the upper 

surface soil layer was obtained from the SSURGO database (Figure 3-5). 

Because actual site measurements are not available for the soil types mapped by the USDA, 

the water retention characteristics were estimated using the Rosetta pedotransfer model 

(Table 3-3) published by the U.S. Salinity Laboratory in Riverside, California (Schaap et al., 

2001) with the soil texture data provided by the USDA. 

The USDA reports depths to lithic (Figure 3-6) and paralithic (Figure 3-7) bedrock that is 

shallower than 5 feet.  Paralithic bedrock is weathered and weakened bedrock, possibly 

fractured, that can be dug up with a shovel.  Depths greater than 5 feet were assumed to be 

greater than the maximum rooting depth of a vegetation association.   

3.4.3.7 Bedrock 

The distribution of bedrock geology in the Big Bear Valley basin (Figure 3-8) was obtained from 

the geologic map published by Dibblee (1971).  The geologic formation codes within the basin 

are defined in Table 3-4.  The geologic units were consolidated into general hydrogeologic units 

that were expected to have similar hydraulic characteristics (e.g., gneiss, plutonic rocks and 

quartzite, metamorphic rocks and porphyry complex, quaternary clay deposits, and other 

quaternary deposits).  The bedrock geologic units are summarized in Table 3-4, including 

saturated hydraulic conductivities and predominant mineral types (Brassington, 1988; Belcher et 

al., 2002, 2008a, Maidment, 1993; Stober and Bucher, 2007).  Major faults are shown on 

Figure 3-8.  None of the faults shown are associated with the 1992 Big Bear Earthquake.  The 

Southern California Earthquake Data Center (2009) reported, “The Big Bear earthquake rupture 

did not break the surface; in fact, no surface trace of a fault with the proper orientation has been 

found in the area.” 

3.4.3.8 Vegetation  

There are two sources of vegetation data for the Big Bear Valley basin: (1) USGS Gap Analysis 

Project (GAP) (USGS, 2008a) codes and ecological systems for the distribution of vegetation 

types (Figure 3-9) and (2) literature sources (e.g., UCSB, 1998; Rundel and Gibson, 1996; 

Tirmenstein, 1999; Huxman et al., 1999; Huxman and Smith, 2001; Naumburg et al., 2003; 
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Hamerlynck et al., 2000a, 2000b, 2002, 2004; Pataki et al., 2000; Smith et al., 1995; Schenk 

and Jackson, 2002) describing the dominant vegetation properties including mean maximum 

plant height, rooting depth, and stomatal resistance.  Table 3-5 summarizes the vegetation 

associations and corresponding GAP ecological descriptions. 

3.4.3.8.1 Rooting Depths of Vegetation Associations.  Table 3-6 summarizes the rooting 

depths assigned to vegetation associations in DPWM simulations (Rundel and Gibson, 1996; 

Schenk and Jackson, 2002).  The rooting depth determines the thicknesses of Layers 1 and 2 

unless bedrock is present at a shallower depth.  It is assumed that rooting density in bedrock is 

not significant.  Rooting depths range from 1 meter in the grassland vegetation association to 

3.3 meters in the piñon-juniper and cottonwood vegetation associations (Schenk and Jackson, 

2002). 

3.4.3.8.2 Mean Leaf Stomatal Resistance.  The FAO-56 method adjusts crop coefficients for 

native vegetation based on the leaf stomatal resistance (Allen et al., 1998).  The leaf stomatal 

resistance of the reference vegetation in FAO-56 is 100 seconds per meter (s/m).  Resistance 

values greater than 100 s/m will decrease transpiration, while values below 100 s/m will 

increase transpiration.  Desert vegetation has adapted to use increased stomatal resistance to 

conserve water usage.  Outside of the peak growth season (typically February through April in 

the Northern Mojave Desert), when precipitation is scarce or unpredictable, desert vegetation 

will have increased stomatal resistance and corresponding decreased transpiration. 

Several literature sources (Huxman et al., 1999; Huxman and Smith, 2001; Hamerlynck et al., 

2002, 2004; Naumburg et al., 2003; Pataki et al., 2000; Smith et al., 1995) were used to obtain 

values for leaf stomatal conductance, which is the inverse of stomatal resistance.  Values were 

averaged for each species and for each growth stage and then averaged by vegetation group 

(annuals, drought-deciduous, and evergreen species).  Sagebrush and chaparral vegetation 

associations in the Big Bear model were modeled after a mix of drought-deciduous and 

evergreen species, with mean leaf stomatal resistance values for the growth stages averaged 

for each vegetation association (Table 3-7).  The grassland vegetation association used the 

stomatal resistance values for Bromus.  In the non-Mojave Desert vegetation associations 

(piñon-juniper, scrub oak, pine and fir) stomatal resistance values were assumed to be at the 
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FAO-56 reference (100 s/m) (Allen et al., 1998) for all growth stages.  Table 3-7 provides the 

parameter values used as input to the DPWM. 

3.4.3.8.3 Mean Maximum Plant Height.  Table 3-8 summarizes the mean maximum plant 

height for vegetation associations in the Big Bear Valley.  The Big Bear Valley data were 

obtained from a variety of published sources (Rundel and Gibson, 1996; Tirmenstein, 1999; 

Holland, 1986).  Plant heights range from 0.1 meter for grasses up to 60 meters for the conifers, 

although plant heights greater than 2 meters are treated as 2 meters in the FAO-56 method 

(Allen et al., 1998).  . 

3.4.3.8.4 Leaf Area Index and Phenology.  LAI is the ratio of one-sided leaf area over the total 

land area.  Values range from 0 for bare ground up to 15.5 for evergreen forests.  However for 

any given suite of vegetation, the FAO-56 method sets transpiration at a maximum for LAI 

values greater than 3 (Allen et al., 1998, Equation 97).  Monthly LAI values are summarized in 

Table 3-9 (DBS&A, 2008; Breuer and Frede, 2003). 

3.4.3.9 General Model Parameters 

Table 3-10 summarizes general model parameter inputs for the DPWM simulations.  These 

include, for example, average latitude and elevation for the basin, initial saturation for cell 

nodes, evaporation parameters, and precipitation and temperature lapse rates. 

3.4.3.10 Topography 

Topography in the model was derived from USGS digital elevation models (DEMs) at a 

90-meter grid scale.  The mapped boundary of the basin defining the Big Bear Valley basin 

corresponds closely with the watershed boundary developed by the USGS, but differs along a 

few edges due to the 90-meter grid scale.  

3.4.4 Description of Water Balance Model Methodology 

To conduct the water balance, the watershed is divided into a grid of 21,004 cells, each with an 

area up to 87,188 square feet (2 acres).  In each cell, the soil profile is divided into three layers 

with four nodes (Figure 3-2).  The upper layer (Layer 1) has bare soil evaporation and 
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transpiration, and its thickness is based on the maximum depth of bare soil evaporation 

(evaporation layer depth [Ze] in FAO-56 [Allen et al., 1998]).  This layer was conservatively 

assumed to be present on bare rock mapped in the GAP study to allow for evaporation from 

surface pools of water. 

Layer 1 is divided into two nodes (Nodes 1 and 2).  Node 1 is the bare soil fraction of the cell 

where evaporation is dominant, and Node 2 is the fraction of the cell surface covered by 

vegetation canopy where transpiration is dominant.  Bare soil evaporation does not occur in 

Node 2, but transpiration occurs to some degree in both Nodes 1 and 2.  The areas of Nodes 1 

and 2 are adjusted over the year as the vegetation grows, peaks, and then declines based on 

the basal transpiration coefficient (Kcb). 

The second layer (Layer 2 and Node 3) is the remainder of the root zone for the vegetation type; 

its thickness is the maximum rooting depth minus the thickness of Layer 1.  Transpiration is 

dominant in Layer 2, but some diffuse evaporation also occurs. 

The final layer (Layer 3) is below the root zone and does not have any transpiration or 

evaporation.  Its thickness is the depth to bedrock minus the thicknesses of Layers 1 and 2.  In 

cells with deep alluvium, the thickness is limited to 20 meters minus the root layer thicknesses.  

Drainage from Layer 3 is limited by the bedrock saturated hydraulic conductivity when less than 

the soil saturated hydraulic conductivity.  Drainage from Layer 3 is always computed using a 

field capacity approach because any water added to this layer is beyond the root zone and is 

net infiltration. 

3.4.4.1 Precipitation 

Precipitation is provided as input to the model for one reference location (CIMIS #199 Big Bear 

Lake) based on the spatial and temporal analysis described in Section 3.4.3.5, and is then 

estimated for all other cells in the model using the precipitation lapse rate.  When precipitation 

occurs in a given day, it is assumed that it occurs over the entire modeled watershed domain.  

On some days precipitation occurs only in some parts of the basin, but these days tend to have 

low precipitation where it falls.  The model uses climatic information from one reference cell and 

computes the precipitation for every other cell based on adjustments for elevation.  The duration 
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of precipitation is estimated by linear regression through measurements of duration and total 

daily precipitation.  Precipitation occurs as snow when the daily average temperature is below 

32°F.   

3.4.4.1.1 Adjustment for Elevation.  Precipitation totals increase with increasing elevation.  The 

DPWM takes the reference precipitation amount (at the reference elevation for the Big Bear 

CIMIS) and adjusts the amount of precipitation at the other model domain cell locations in the 

basin using an elevation lapse rate, as follows: 

 Pcell = Pref ∗ (1 + (elevcell – elevref) ∗ Cprecip) (Equation 3-1) 

where Pcell = the precipitation amount at a given cell 

 Pref =  the reference precipitation amount at the Big Bear CIMIS 

 elevcell = the elevation of the given cell from the 90-meter USGS DEM grid 

 elevref = the reference elevation of the Big Bear CIMIS (6,963 ft msl, or 2,122 meters) 

 Cprecip = the lapse rate (mm/(day∗m)) 

3.4.4.1.2 Duration of Precipitation Events.  Each daily time step of the water balance model is 

divided into two steps when precipitation occurs: (1) the water balance for the duration of 

precipitation event and (2) the water balance for the remainder of the day.  The duration of 

precipitation events for the 1981 through 2003 water years was estimated using the relationship 

between the total annual precipitation and the total duration of all precipitation events obtained 

from the measured 2006 water year to yield a mean precipitation intensity per hour.  This 

relationship was used with the DAYMET estimates for daily precipitation from Big Bear CIMIS 

totals to calculate the estimated duration, in hours, for each precipitation event in the DAYMET 

input data.  In general, a high mean precipitation intensity will yield shorter durations for large 

precipitation events.  Shorter durations yield more runoff and less recharge, so a high mean 

precipitation intensity is conservative with respect to recharge.  For some high daily precipitation 

events for the 1981 through 2003 water years, the duration was estimated to be greater than 

24 hours, in which case the duration was set at 24 hours.  In the case of a day with snowmelt, 

the duration of precipitation was assumed to be 12 hours.  Except in the case of snowmelt, 
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duration was calculated outside of the DPWM code and was provided to the model as input with 

the climate file. 

3.4.4.2 Snow 

When the daily average temperature is below 32°F and precipitation occurs, the precipitation is 

assumed to occur as snow.  The snow is stored as an equivalent depth of water in the model.  

In the time step with snow accumulation and in subsequent time steps, the snow sublimates at 

the snow sublimation rate provided as input to the model.  The model uses a sublimation rate of 

15 percent of the snowpack per day based on research in the Colorado Front Range (Hood et 

al., 1999). 

When snowpack is present and the average daily temperature is above 32°F, the snowmelts at 

the snowmelt rate specified in the input files.  The rate of snowmelt averages 2.6 millimeters per 

day per degree Celsius (mm/d/ºC) based on the average melt rate from December 1 through 

April 1 estimated using the methodology in the HELP model (Schroeder et al., 1994).  As noted 

in Section 3.4.4.1.2, if there is snowmelt, the duration is set to 12 hours.  

3.4.4.3 Water Transport and Storage 

The DPWM has the ability to use either a field capacity balance approach (similar to the HELP 

model, INFIL, and BCM) or a VGM approach to compute drainage from Layer 1 to Layer 2 and 

from Layer 2 to Layer 3; the field capacity approach is always used for Layer 3.  The field 

capacity approach, also referred to as a bucket model, allows instant drainage of all water that 

exceeds the field capacity of the soil (estimated by the soil water content at ⅓ bar).  The VGM 

approach calculates the unsaturated hydraulic conductivity associated with average water 

content of the model layer and, assuming a downward unit gradient, allows the layer to drain at 

that rate.  The VGM more closely simulates realistic soil drainage rates than does the field 

capacity approach.  In the VGM approach, water drains more slowly after a precipitation event 

than in the bucket model but, unlike the bucket model, will continue to drain at decreasing rates 

until the water content reaches the residual water content. 

In both water balance models water is routed downward at a rate that is limited by the hydraulic 

conductivity of the layer or, where the layer is overlying bedrock, by the saturated hydraulic 
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conductivity of the bedrock.  Once net infiltration has been computed from the bottom layer, any 

water that exceeds the maximum holding capacity of that layer is retained in the overlying layer.  

If water in the uppermost layer exceeds the maximum holding capacity, then the water is 

passed to the downstream cell as runoff. 

Water is accounted for in the cell nodes as an equivalent depth of water in the node per unit 

area, termed “water level.”  Water level is related to the average volumetric water content (θ) in 

a node, as follows: 

 Water level (mm) = θ (m3/m3) ∗ node thickness (mm) (Equation 3-2) 

Similarly, the maximum water level, (θws), field capacity, (θfc), water level, and wilting point, (θwp) 

water levels are computed as follows: 

 Field capacity water level (mm) = θfc (m3/m3) ∗ node thickness (mm) (Equation 3-3) 

 Maximum water level (mm) = θws (m3/m3) ∗ node thickness (mm) (Equation 3-4) 

 Wilting point water level (mm) = θwp (m3/m3) ∗node thickness (mm) (Equation 3-5) 

The field capacity and wilting point water contents are computed from the capillary pressure 

head provided by the user as model input using the van Genuchten parameters.  The model 

used a field capacity of –⅓ bar and a wilting point of –60 bars.  The wilting point is much greater 

than the typical –15-bar limit found for agricultural vegetation because arid and semiarid 

vegetation can extract water at much greater capillary pressures.  This approach is conservative 

in that the amount of water retained as stored soil water is increased, thereby reducing the 

amount of recharge. 

3.4.4.4 Runoff and Run-on 

Runoff occurs in a cell when the water content in the upper model layer (Layer 1) exceeds 

saturation or the rate of water application over the storm fraction of the day exceeds the 

saturated hydraulic conductivity of the soil or rock.  Runoff is routed to the lowest adjacent grid 
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cell elevation.  A cell can receive run-on from up to seven adjacent cells, but provides runoff to 

only one downstream cell. 

3.4.4.5 Evapotranspiration 

Evapotranspiration (ET) is estimated using the FAO-56 Penman-Monteith method (Allen et al., 

1998).  Evapotranspiration is computed after the computation of infiltration and runoff.  The 

actual total evapotranspiration for a cell on a given day is calculated as follows: 

 ET = (Ke + Ks·Kcb) ET0 (Equation 3-6) 

where Ke = the soil evaporation coefficient 

 Ks = the water stress coefficient 

 Kcb = the basal transpiration coefficient 

 ET0 = the reference evapotranspiration based on climate parameters 

3.4.4.5.1 Reference Evapotranspiration.  The reference evapotranspiration (ET0) represents 

the evapotranspiration from a reference crop (turf grass) without any water limitations. 

Adjustment of Air Temperature for Elevation.  The temperature lapse rate was calculated from 

the same 11 locations used to obtain the precipitation lapse rate described in Section 3.4.3.4.  A 

linear regression was run for the temperatures for each location.  The lapse rate was estimated 

as 0.0094 degree Celsius per meter (°C/m) based on 1981 through 2003 DAYMET annual 

temperature normals. 

Adjustment of Solar Radiation for Sky Clearness.  The FAO-56 method has a clearness index 

(Krs) that can adjust the solar radiation for dust or particulates in the air (Allen et al., 1998).  The 

value of Krs used in the model was 0.19, which represents air masses being influenced by a 

large body of water. 

Adjustment of Solar Radiation for Sun Angle, Turbidity, Atmospheric Thickness, and 

Precipitable Water.  The FAO-56 method provides adjustments for solar radiation based on the 
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average angle of the sun for the time of year, turbidity in the atmosphere, atmospheric 

thickness, and precipitable water:   

• The average sun angle for the day of the year was computed using Equation D-5 in 

Allen et al. (2005b).   

• The adjustment for turbidity ranges from 0.5 or less for extremely turbid, dusty, or 

polluted air up to 1.0 for clean air.  As recommended by Allen et al. (2005b) for routine 

prediction of solar radiation and based on the calibrated sky clearness index, a value of 

1.0 was used for the turbidity coefficient.   

• The adjustment for atmospheric thickness is based simply on the atmospheric pressure 

at the cell estimated from elevation (Allen et al., 2005b, Equation D-3). 

• The amount of precipitable water in the atmosphere was estimated based on the vapor 

pressure and cell elevation (Allen et al., 2005b, Equation D-3).   

These adjustments of solar radiation for precipitable water, sun angle, and atmospheric 

thickness and turbidity are discussed in detail in Appendix B. 

Adjustment of Solar Radiation for Slope and Azimuth.  The author of the FAO-56 method, 

Dr. Richard Allen, along with another collaborator, Dr. Ricardo Trezza, developed an 

unpublished method to adjust the daily solar radiation for slope and azimuth (Allen and Trezza, 

2006) that follows the methods published by Reindel et al. (1990) and Duffie and Beckman 

(1980, 1991).  All equations used in the slope and azimuth adjustment were obtained from peer-

reviewed publications.  The adjustment uses the average latitude for the basin, which is 

acceptable for basins with less than 40 miles between the northernmost and southernmost 

locations within the basin (Allen and Trezza, 2006). 

Surface Albedo.  Surface albedo is the reflectance of the ground and ranges from 0.1 for dark 

wet soil, to 0.23 for dense green vegetation, and up to 0.6 and 0.9 for snow cover.  The DPWM 

conservatively uses 0.23 for the surface albedo across the basin except in the case of snow 
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cover, where the albedo is adjusted to 0.60.  The value of 0.23 is less than expected for the 

light-colored dry soils with sparse vegetation cover in parts of the Big Bear Valley.  The 

adjustment for snow cover to 0.60 follows the methodology in the HELP model. 

Actual Evapotranspiration.  AET is computed from the reference evapotranspiration based on 

the relative fractions of bare soil evaporation and transpiration.  Without any water limitations, 

the actual evapotranspiration will be equivalent to crop evapotranspiration (ETc), as follows 

(Allen et al., 1998, Equation 69): 

 ETc = (Kcb + Ke) ET0 (Equation 3-7) 

where ETc = the crop evapotranspiration 

 Kcb = the basal crop coefficient (e.g., transpiration component of ETc) 

 Ke = the surface evaporation coefficient 

 ET0 = the reference evapotranspiration based on climate parameters 

The sum of Kcb and Ke is the crop coefficient Kc and can never exceed a maximum value 

(Kcmax) based on the available energy from the sun.  As water is depleted from the root zone, 

the values of Ke and Kcb are reduced using the evaporation reduction coefficient (Kr) and the 

water stress coefficient (Ks), respectively.  The relative proportion of surface evaporation is also 

controlled by the fraction of ground covered by the vegetation canopy.  Surface evaporation is 

only dominant in the uncovered or bare soil fraction (Node 1 of Layer 1 in the model).  The basal 

crop coefficient includes a small fraction of diffuse evaporation from beneath the vegetation 

canopy but is dominated by the transpiration.  Transpiration occurs from Node 2 of Layer 1 and 

all of Layer 2 (Node 3) in the model. 

Evaporation Reduction Coefficient (Kr).  As the depth of water stored in the soil is depleted 

below field capacity (termed the depletion level [De]), the rate of evaporation and transpiration 

can decrease from the maximum.  Several variables are computed in the FAO-56 method 

based on field capacity, wilting point, and soil texture (Allen et al., 1998).  Evaporation is 

computed only for Node 1 in Layer 1. 
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Total evaporable water (TEW) is the total amount of water available for evaporation and is 

computed in the FAO-56 method as follows: 

 TEW = (θfc – (0.5)θwp) Ze (Equation 3-8) 

where θfc = the field capacity 

 θwp = the wilting point 

 Ze = the thickness of layer (typical range is 0.1 to 0.15 meter) 

The term (0.5)θwp implies that the water content can be reduced with evaporation below a level 

that can be removed by transpiration.  The Ze was conservatively set to the upper end of the 

range recommended in FAO-56 (0.15 meter); the greater depth of the evaporative layer allows 

for more water to be depleted by evaporation.   

The amount of water that is readily evaporable (REW) is determined from soil texture (Allen et 

al., 1998, Table 19) and ranges from 2 to 7 millimeters (mm) for sand up to 8 to 12 mm for clay.  

A value of 8 mm was conservatively selected for the model (the upper end of the range for sand 

and loamy sands found in the basin). 

TEW and REW are used to determine the reduction in evaporation rate (Kr, ranges from 0 to 1) 

(Allen et al., 1998, p. 145), as follows: 

 
REWTEW

DTEW
K e

r −
−

=  (Equation 3-9) 

Water Stress Coefficient (Ks).  The water stress coefficient is based on the total amount of 

water available for transpiration (TAW), defined in FAO-56 (Allen et al., 1998) as follows: 

 TAW (mm) = 1,000 mm/m (θfc – θwp) Zr (m) (Equation 3-10) 

where θfc = the field capacity water content 

 θwp = the wilting point water content 

 Zr = the mean maximum rooting depth 
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At first, as the water level is reduced below field capacity, no water stress reduction in 

transpiration occurs (e.g., Ks = 1).  This fraction of TAW that is readily available for transpiration 

(RAW) is computed as follows: 

 RAW (mm) = p·∗ TAW (mm) (Equation 3-11) 

where p = the average fraction of TAW that can be depleted from the root zone before moisture 

stress occurs (ranges from 0 to 1) (Allen et al., 1998, p. 162).   

This depletion factor (p) depends on the evapotranspiration rate and the rooting depth of the 

plants.  Where daily evapotranspiration is high (> 8 millimeters per day [mm/d]) and plant roots 

are shallow, p is typically 0.3.  Where daily evapotranspiration is low (< 3 mm/d) and plant roots 

are deep, p is typically 0.7.  Typically a value of 0.5 is chosen (Allen et al., 1998).  A 

conservative p value of 0.7 was chosen to allow more transpiration (resulting in less recharge). 

The transpiration reduction factor, or water stress coefficient (Ks), is computed from TAW, root 

zone depletion (Dr = field capacity water level – water level), and RAW, as follows: 

 
RAWTAW

DTAW
K r

s −
−

=  (Equation 3-12) 

Canopy Coefficients.  As plant growth increases, the fraction of ground covered by the plant 

canopy (fc) increases.  Bare soil evaporation does not take place under the canopy, leaving 

more water for transpiration.  As plants begin to decline and enter a dormant phase, the plant 

canopy decreases.  This change is modeled using the equation recommended by the FAO-56 

method (Allen et al., 1998, Equation 76), as follows: 

 
( )planth2

11

cc

ccb
c minKmaxK

minKK
f

+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=  (Equation 3-13) 

where Kcb = the basal crop coefficient 

 Kcmin = the minimum crop coefficient 
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 Kcmax = the maximum crop coefficient based on available energy 

 hplant = the mean maximum plant height 

The canopy coefficient defines the relative fractions of Nodes 1 and 2 in each cell.  As fc 

changes and the sizes of Nodes 1 and 2 change, water is appropriately transferred between 

Nodes 1 and 2 to maintain the water balance. 

3.4.5 DPWM Results 

The DPWM results for the Big Bear Valley basin and individual subunits are provided in 

Table 3-11.  The DAYMET model predicts the basin-wide precipitation, which is used as input to 

the DPWM.  The spatial distribution of mean annual precipitation for the basin is shown in 

Figure 3-3.  The mean (average) precipitation is 91,196 ac-ft/yr and the median is 

78,771 ac-ft/yr (Figure 3-10).   

The model water balance has five components that account for all the water that falls as 

precipitation: actual evapotranspiration, recharge, net runoff, sublimation, and change in storage 

(water content of the soil above the water table).  Actual evapotranspiration accounts for the 

highest water use.  The mean (average) annual actual evapotranspiration of 50,389 ac-ft/yr 

accounts for 55 percent of the precipitation and is generally greatest along the base of the valley 

(Figure 3-11).  Recharge has the second largest consumption of water, followed by net runoff, 

sublimation, and change in storage. 

The mean (average) recharge to the Big Bear Valley basin computed by the water balance 

model is 24,894 ac-ft/yr with a median (midpoint) annual recharge of 17,322 ac-ft/yr 

(Figure 3-12).  As shown in Figure 3-12, where the data are plotted as a cumulative distribution 

function, the median recharge value is the amount of recharge that can be expected to occur 

50 percent of the time, based on historical data used as input to the model.  The mean 

(average) recharge is 40 percent higher than the median (midpoint) due to a few years with very 

high recharge.  Because the mean (average) recharge is functionally weighted by the 

magnitude of recharge in any given year, a few years of very high recharge will yield a mean 

(average) that is skewed to the higher end of recharge values.  The median (midpoint) recharge 
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is not weighted by individual values in the data set.  The median merely locates the midpoint 

value in the dataset; half of the values fall above the median (no matter how high those values 

may be), and half fall below.  Thus, the median (midpoint) may be a more useful statistic in 

terms of anticipating the amount of precipitation in any given year and, thus, recharge that will 

be available to water managers.  The spatial distribution of recharge in the basin is shown in 

Figure 3-13.   

The recharge as a percentage of precipitation (recharge / precipitation x 100) was plotted for the 

years 1981 through 2003 (Figure 3-14).  Figure 3-14 shows that the recharge is about 25 

percent of the precipitation nearly 50 percent of the time.  The mean (average) annual recharge 

accounts for over 27 percent of the precipitation in years that the precipitation is average or 

greater.  This observation is consistent with the rule of thumb proposed by Maxey and Eakin, 

who concluded that approximately 25 percent of the precipitation will recharge the groundwater 

when the precipitation exceeds 20 in/yr (Maxey and Eakin, 1949).   

Between 1999 and 2002 the basin had three of the four driest years in the model domain.  

Plants require a certain minimum amount of moisture to survive and, when the precipitation is 

low, will extract the maximum amount of water they can.  Evaporation also tends to be higher 

when precipitation is low.  Accordingly, evapotranspiration accounted for between 76 and 92 

percent of precipitation in those three dry years (1999, 2001, and 2002), corresponding to a 

lower percentage of precipitation resulting in recharge during those years. 

Recharge to the basin is spatially variable and is the highest at the heads of the alluvial fan 

deposits and along water courses (Figure 3-13).  On the south side of the valley, there is a line 

of high recharge running from east to west where alluvial deposits abut the bases of the 

mountains.   

Adjustments to the recharge that reduces the recharge estimates are (1) spring discharge that 

flows into the lakes and (2) groundwater underflow outside of the basin to the east.  

The DPWM accounts for runoff from precipitation, but does not account for spring discharge that 

flows into the lakes, which are outside the model domain.  The California Regional Water 
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Quality Control Board (CRWQCB), Santa Ana Region estimated surface flow into Big Bear Lake 

for a nutrient loading report (CRWQCB, 2005).  The total surface flow into Big Bear Lake for 

1990 through 2003 was estimated to be 14,032 ac-ft/yr with a median of 7,797 ac-ft/yr.  The 

difference between this CRWQCB estimate and the DPWM-estimated runoff into Big Bear Lake 

over the same time period (mean of 6,970 ac-ft/yr, median of 4,813 ac-ft/yr) provides an 

estimated total of spring flow runoff into Big Bear Lake ranging from 2,984 to 7,062 ac-ft/yr, 

based on use of the medians and means, respectively. 

Baldwin Lake, which is outside the model domain, does not have a known flow path outside the 

basin; therefore, runoff into Baldwin Lake can potentially contribute groundwater recharge to the 

basin even though in this approach the two major lakes are treated as being outside of the 

modeled domain.  The extent of this Baldwin Lake contribution is unknown, but the DPWM 

mean annual runoff from the East Baldwin, Erwin, Van Dusen, and West Baldwin subunits in the 

Baldwin Lake watershed is 2,444 ac-ft/yr.  Recharge that occurs directly beneath Baldwin Lake 

is conservatively not included in the estimate of the total annual recharge to the basin.   

Based on a review of the alluvial geology, topography, creek flow, and spring flow, coupled with 

data from the Big Bear Valley recharge model, DBS&A estimated a range of potential losses 

from the groundwater basin to Arrestre Creek to the east.  This flow would occur where alluvium 

from Gocke Valley crops out in the canyon wall to the east.  Several seeps and springs are 

present in that area, and flow in Arrestre Creek increases significantly as the creek traverses the 

area east of the study area.  As discussed in Section 3.2, waters discharging into Arrestre Creek 

would, at least in part, be sourced by Bear Valley watershed recharge.  Potentially lost recharge 

occurs in an area of less than 1 square mile of the study area. 

Losses from groundwater underflow occur on the eastern side of the basin in the Erwin subunit.  

Recharge to the Gocke Valley alluvium and bedrock to the south is potentially susceptible to 

outflow from the basin as springs to the east.  The range of recharge potentially lost is estimated 

to be between 313 and 1,340 ac-ft/yr, likely on the lower end due to surface flow and pumped 

groundwater that would remain in the system.  Recharge that is tributary to the portion of the 

basin overlain by Deadman's Lake may also be susceptible to this outflow, as it is near a 

surface water divide that induces flow either east or west of Deadman's Ridge.  However, 
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several wells extract groundwater from the alluvium in this area, and actual outflow would likely 

remain within the 313- to 1,340-ac-ft/yr range. 

The total estimated recharge to the Big Bear Valley basin, after adjusting for spring flow runoff 

to Big Bear Lake and groundwater underflow losses from the Erwin subunit, ranges from 

16,531 to 21,534 ac-ft/yr.  The 16,531 ac-ft/yr is calculated by subtracting the upper estimates of 

both discharge adjustments (i.e., outflow from the basin on the east and spring-fed flow lost to 

the lakes) from the DPWM estimate of 24,894 ac-ft/yr.  The 21,534 ac-ft/yr is calculated by 

subtracting the lower discharge estimates of both adjustments from the DPWM estimate of 

24,894 ac-ft/yr.  These are mean (average) estimates, and can be adjusted for wetter or drier 

years.  As an example, if the model estimate for a wet year is 10 percent greater than the mean 

estimate, then the adjusted ranges will also increase by 10 percent. 

3.4.6 Discussion 

DBS&A used the DPWM to predict recharge throughout the basin.  The DPWM mean annual 

precipitation for each of the modeled cells within the basin was calculated using the DAYMET 

data for the reference location and the lapse rate calculated for the basin.  The DPWM mean 

annual precipitation was compared to the measured precipitation at the NWS stations: Bear 

Valley Dam and Big Bear Lake (at the fire station).  Gaps in the Bear Valley Dam data were 

filled in with dam precipitation data from the San Bernardino County rain gauge dataset.  Gaps 

in the Big Bear Lake data were filled in with data from the Big Bear Hospital, also monitored by 

San Bernardino County.  The Big Bear Hospital is approximately 1.5 miles east of the Big Bear 

Lake station.   

The measured annual precipitation at the Bear Valley Dam is higher than that at the Big Bear 

Lake station, with the DPWM basin-wide mean annual precipitation falling between the two for 

19 of the 23 years of record (Figure 3-15).  Thus the DPWM precipitation results are consistent 

with the data from the two stations and adequately represent the precipitation within the basin. 

DBS&A’s adjusted estimate of mean total recharge, 16,531 to 21,534 ac-ft/yr, is similar to the 

USGS-adjusted (to include potential recharge of runoff) BCM estimated recharge of 
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15,796 ac-ft/yr but higher than other estimates (Table 3-12).  The adjusted estimate of mean 

total recharge using the DPWM is twice that of the USGS INFILv3 model of 9,571 ac-ft/yr and 

four times that of Geoscience’s maximum perennial yield estimate of 4,800 ac-ft/yr to 

5,625 ac-ft/yr. 

The cumulative distribution functions (CDFs) for the modeled precipitation and recharge 

(Figures 3-10 and 3-12) show similar behavior, with recharge increasing significantly in the 

same years as precipitation does.  The recharge CDF (Figure 3-12) can be used to predict the 

probabilities that the recharge will be at least a certain amount during any year in the future.  

Based on the DPWM results, there is a 50 percent probability that the recharge will be 

17,000 ac-ft/yr or greater.  For years with higher than average precipitation, the 75 percent 

quartile shows that there is a 25 percent probability that the recharge will be 27,000 ac-ft/yr or 

greater.  Of importance for dry years, the 25 percent quartile shows that there is a 75 percent 

probability that the recharge will be at least 11,000 ac-ft/yr or greater based on model estimates 

of recharge.  From another perspective, the modeled annual recharge was greater than 

11,000 ac-ft/yr for more than 75 percent of the modeled years.  These probabilistic predictions 

can be used as a risk management tool attendant to precipitation variability. 

The total estimated recharge, ranging from 16,531 to 21,534 ac-ft/yr, is based on adjustments to 

the DPWM mean recharge, 24,894 ac-ft/yr.  If the estimated annual recharge for a future year 

differs from the mean annual estimated recharge, then the adjustments will also change.  The 

simplest approach to estimating adjustments for spring flow runoff and groundwater underflow is 

that they change in direct proportion to the change in estimated annual recharge relative to the 

DPWM mean annual estimated recharge.  As an example, if the model estimate for a wet year 

is 10 percent greater than the mean estimate, then the adjustments will also increase by 10 

percent.  Further analysis of the spring flow runoff and groundwater underflow to improve the 

estimates, by acquiring data and correlating those data to precipitation and the modeled 

estimated recharge, is recommended.   

The modeled recharge as a percentage of DAYMET-modeled precipitation (recharge ÷ 

precipitation x 100) was plotted in order of increasing precipitation (Figure 3-16).  The best 

empirical fit for the data is a logarithmic function that had a correlation coefficient (R2 = 0.8541 
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[R2 = 1.00 represents a perfect fit]).  The modeled recharge, expressed as a percentage of 

DAYMET-modeled precipitation, is represented by the following mathematical relationship (all 

units in ac-ft):  

 (Recharge/Precipitation) %  =  17.83 Ln(Precipitation) – 178.86 (Equation 3-14) 

If a similar relationship can be developed to predict recharge from measured gauge precipitation 

data, then a reasonable prediction of recharge is possible for any given year, assuming that 

historical data are accurate and that historical climate conditions remain a reasonable predictor 

of future behavior.  DBS&A recommends that BBCCSD develop these mathematical 

relationships as watershed management and water planning tools.  

3.4.7 Summary and Conclusions 

DBS&A has analyzed total basin recharge with the DPWM: 

• The adjusted estimate of median (midpoint) total recharge to groundwater within the Big 

Bear Valley basin is at least 8,959 ac-ft/yr and could exceed 13,962 ac-ft/yr.   

• The adjusted estimate of mean (average) total recharge to groundwater within the Big 

Bear Valley basin is at least 16,531 ac-ft/yr and could exceed 21,534 ac-ft/yr.   

DBS&A’s estimate of recharge is in general agreement with the adjusted USGS BCM recharge 

estimate and significantly higher than an estimate using INFILv3.  DBS&A’s estimate of 

recharge is also significantly greater than Geoscience’s (2007) estimate of maximum perennial 

yield. 

The estimated recharge is a strong function of precipitation.  A mathematical relationship 

between modeled recharge (as a percentage of precipitation) and DAYMET-modeled 

precipitation for the Big Bear Valley groundwater basin was established using historical regional 

precipitation data.  The DPWM was also used to establish the locations of maximal recharge.  

The estimated recharge is greatest at the alluvial fan heads and along water courses.  This 
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analysis provides a substantive initial basis for determining the optimal locations to protect and 

exploit groundwater resources in the future. 

DBS&A makes the following recommendations for future investigations to enhance recharge 

estimates for the basin. 

• Develop mathematical correlations between annual rain gauge data and the estimated 

total recharge. 

• Develop a longitudinal lapse rate for inclusion into the model that accounts for increasing 

precipitation from east to west. 

• Establish soil moisture monitoring stations in the basin to verify the model.  The locations 

where the model estimates the recharge to be the greatest would be optimal for soil 

moisture monitoring. 

• Establish snowfall monitoring at high elevations to refine the model.  Locations within the 

Erwin subunit are likely candidates for snowfall monitoring. 

• Establish streamflow monitoring stations to measure runoff in order to refine adjustments 

to the model results.  Multiple stations on individual streams can be used to estimate the 

amount of infiltration that occurs in stream channels. 

• Develop basin-wide estimates of evapotranspiration based on site-specific data and 

satellite imagery.  Evapotranspiration data can be used to refine the model. 
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4. Existing Water Supply System 

BBCCSD delivers pure mountain water to its customers through more than 5,990 service 

connections.  The service area is divided into six pressure zones.  The Rowe Pressure Zone is 

the largest, accounting for approximately 83 percent of the total demand.  The five smaller 

pressure zones account for the remaining 17 percent.  Major facilities include four reservoirs 

with a total capacity of 6.24 million gallons, 81.7 miles of pipeline ranging from 2 to 20 inches in 

diameter (in accordance with the water model described in Section 5), 13 vertical wells (Wells 5 

and 7A are inactive), 2 slant wells, 2 springs, 6 booster stations, a fluoride blending system, an 

iron and manganese treatment facility, 426 fire hydrants, and more than 1,600 gate valves.  

Figure 4-1 shows the locations of the existing mainline pipeline system, the primary facilities, 

and the extents of the pressure zones.   

The fluoride blending system, also called the Restricted Main, employs a significant network of 

pipelines (indicated in red on Figure 4-1).  The network includes more than 20,000 linear feet of 

pipeline that conveys the production from 9 vertical wells to the Rowe Reservoir for fluoride 

blending.  The system is isolated from the distribution network of the Rowe Pressure Zone and 

maintained under low pressure.  Further information regarding the purpose and functionality of 

the fluoride blending system is provided in Section 4.8. 

4.1 Distribution System 

Over the past 25 years, BBCCSD production has averaged about 1,115 ac-ft/yr, with an 

average annual increase of only 0.3 percent.  The number of connections has slowly but 

steadily increased from 4,373 connections in 1982 to 5,990 connections in 2007, for an average 

annual increase of 1.3 percent.  In 2007, BBCCSD distributed 1,237 acre-feet to its customers 

at an average of 0.21 acre-foot per connection.  Figure 4-2 shows the historical relationship 

between production and connections. 

BBCCSD maintains 81.7 miles of pipeline ranging from 2 inches to 20 inches in diameter 

according to the current water model.  The existing system is generally able to supply average 
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and maximum daily demands to existing customers, but is deficient in supplying the required fire 

flows in some areas. 

4.1.1 Pressure Zones 

A pressure zone is a sub-system of a larger distribution network designed to deliver water within 

a specified pressure range.  A typical pressure zone consists of water storage at a higher 

elevation that feeds customers’ connections at lower elevations through a system of pipelines.  

Source water is pumped to the storage tank and then flows by gravity through the system.  

Source water generally enters the system in zones with lower elevations and must be pumped 

to pressure zones with higher elevations as dictated by demand. 

There are six pressure zones within the BBCCSD Service Area.  The Rowe Pressure Zone fits 

the above description, featuring multiple sources and multiple elevated storage facilities.  

However, the other five pressure zones feature artificial hydraulic gradients.  Such pressure 

zones have no elevated storage to provide pressure; rather, pressure is maintained 

mechanically using booster pumps instead of gravity to supply water to those sub-systems.   

The Rowe Pressure Zone is the largest, containing 80 percent of all pipelines and supplying 

83 percent of the total demand.  Groundwater enters the Rowe Pressure Zone directly via 

Wells 2 and 9 and indirectly via (1) the Van Dusen slant wells, (2) the Greenspot Reservoir, 

which receives groundwater from Greenspot and Fish Hatchery Springs, and (3) the Rowe 

Booster Station, which pumps blended groundwater from the Rowe Reservoir.  The Rowe 

Pressure Zone then feeds the other reservoirs and booster stations to supply the remaining 

smaller pressure zones.   

There are no pressure relief valves to help maintain pressure within the smaller pressure zones.  

The pressure zone boundaries are defined by booster pump stations and closed gate valves. 

Pressure zone changes since the previous 1991 Water Master Plan are as follows: 
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• The Greenspot Pressure Zone previously consisted of two sub-areas, which is no longer 

the case.   

• The Gold Mountain and Marlowe Pressure Zones no longer exist.   

• The Abbott Pressure Zone and Restricted Main Fluoride Blending Project have been 

added.   

• The pressure in the main system is governed by the water level of the reservoirs.   

• Water from the Rowe Reservoir is pumped to the other reservoirs via the Rowe Booster 

Station. 

A description of each pressure zone is provided in Sections 4.1.1.1 through 4.1.1.6.  Average 

annual demand is based on analysis of 2007 consumption data.  The linear footage of pipelines 

and elevation range of each zone is based on an analysis of the water model database.  The 

water model does not necessarily include small-diameter pipes such as laterals and dead-ends 

feeding cul-de-sacs.  The static pressure range is calculated as the difference between the 

pressure head in each pressure zone according to the SCADA screenshot (Section 4.7) and the 

high and low elevations within each zone. 

4.1.1.1 Rowe Pressure Zone and Restricted Main 

• Hydraulic grade line (HGL): 6,960 feet 

• Area:  ±1,812 acres 

• Linear feet of pipe in water model:  344,916 

• Average annual demand:  1,027 acre-feet 

• Elevation range:  6,708 to 6,920 feet 

• System pressure range:  19 to 110 psi 

• Equipment:  Fluoride Blending Project (Restricted Main) 

• Storage:  2.5-million-gallon Rowe Reservoir 

• Source: Rowe Reservoir receives flow from: 
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− Well 1 

− Well 1B 

− Well 3 (artesian) 

− Well 3A (artesian) 

− Well 4 

− Well 4A 

− Well 5 (inactive) 

− Well 6 

− Well 8 

− Well 10 

• Source: Rowe Pressure Zone receives flow from:   

− BBLDWP Division Drive Intertie (inactive) 

− BBLDWP Erwin Ranch Road Intertie (inactive) 

− Well 2 

− Well 7A (inactive) 

− Well 9 

− Van Dusen 1 slant well 

− Van Dusen 2 slant well 

• Booster stations: Rowe boosters pump water from Rowe Reservoir into Rowe Pressure 

Zone and into Hicks, Peery, and Greenspot Reservoirs. 

4.1.1.2 Hicks Pressure Zone 

• HGL: 7,055 feet 

• Area:  ±62 acres 

• Linear feet of pipe in water model:  10,340 

• Average annual demand:  32 acre-feet 

• Elevation range:  6,840 to 6,960 feet 

• System pressure range:  41 to 93 psi 
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• Storage:  1.14-million-gallon Hicks Reservoir 

• Source: Hicks Reservoir receives flow from the Rowe Pressure Zone. 

• Booster stations: Hicks boosters pump water from Hicks Reservoir to Hicks Pressure 

Zone. 

4.1.1.3 Tanglewood Pressure Zone 

• HGL: 7,030 feet 

• Area:  ±62 acres  

• Linear feet of pipe in water model:  3,863 

• Average annual demand:  4 acre-feet 

• Elevation range:  6,800 to 6,920 feet 

• System pressure range:  48 to 100 psi 

• Storage:  None 

• Source: Tanglewood Pressure Zone receives flow from Rowe Pressure Zone. 

• Booster stations: Tanglewood boosters pump water from Rowe Pressure Zone to 

Tanglewood Pressure Zone. 

4.1.1.4 Abbot Pressure Zone 

• HGL: 7,000 feet 

• Area:  ±41 acres  

• Linear feet of pipe in water model:  10,644 

• Average annual demand:  15 acre-feet 

• Elevation range:  6,828 to 6,920 feet 

• System pressure range:  35 to 75 psi 

• Storage:  None 
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• Source: Abbott Pressure Zone receives flow from Rowe Pressure Zone. 

• Booster stations: Abbott boosters pump water from Rowe Pressure Zone to Abbott 

Pressure Zone. 

4.1.1.5 Peery Pressure Zone 

• HGL: 7,075 feet 

• Area:  ±306 acres  

• Linear feet of pipe in water model:  29,191 

• Average annual demand:  82 acre-feet 

• Elevation range:  6,807 to 6,990 feet 

• System pressure range:  34 to 113 psi 

• Storage:  1.6-million-gallon Peery Reservoir 

• Source: Peery Reservoir receives flow from Rowe Pressure Zone. 

• Booster stations: Peery boosters pump water from Peery Reservoir to Peery Pressure 

Zone. 

4.1.1.6 Greenspot Pressure Zone 

• HGL: 7,075 feet 

• Area:  ±289 acres  

• Linear feet of pipe in water model:  31,842 

• Average annual demand:  78 acre-feet 

• Elevation range:  6,833 to 7,000 feet 

• System pressure range:  34 to 106 psi 

• Storage:  1.0-million-gallon Greenspot Reservoir 

• Source: Greenspot Reservoir receives flow from:   

− Greenspot Spring 
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− Fish Hatchery Spring 

− Rowe Pressure Zone 

• Booster stations: Greenspot boosters pump water from Greenspot Reservoir to 

Greenspot Pressure Zone. 

4.1.2 Pipelines 

Pipelines verified as active and included in the water model are broken down by diameter in 

Table 4-1.  The total length of pipeline in accordance with the model is 431,536 feet 

(81.7 miles). 

Main line pipelines (all pipelines 10 inches in diameter or larger) are shown in Figure 4-1.  Main 

lines have a number of specific purposes including reservoir equalization, connectivity of distant 

neighborhoods to the grid, pump station intake, and support of fire suppression for institutional, 

commercial, and industrial areas.  These main lines form a backbone for transmission 

throughout the BBCCSD Service Area and are one of the distribution system’s most significant 

strengths.  The extent and connectivity of the main line pipelines have clearly been carefully 

planned and implemented.   

A variety of pipe materials make up the existing distribution system, including steel, polyvinyl 

chloride (PVC), and asbestos concrete (AC).  In general, the steel pipes are the oldest and 

show the greatest signs of deterioration.  AC pipes are generally in good condition.  PVC pipes 

have been installed more recently.  BBCCSD is making an effort to replace all 2-inch steel pipes 

with 8-inch PVC pipes to address the age and condition issues associated with the existing steel 

pipelines.   

4.2 Booster Pump Facilities 

A booster pump is typically housed with several other pumps at a single station; this is the case 

at BBCCSD.  The 19 booster pumps are located at 6 booster pump stations named for the 

pressure zones they serve.  The number of pumps and total flow capacity for each booster 

pump station are listed in Table 4-2. 
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The Rowe boosters pump water from the Rowe Reservoir into the Rowe Pressure Zone and 

into the Hicks, Peery, and Greenspot Reservoirs.  The remaining booster pumps provide the 

energy required to maintain the artificial hydraulic gradient of their respective pressure zones.   

Each booster pump is designed to produce a target flow.  The actual flow that a booster 

provides may vary from the design flow due to the conditions under which the pump is tested, 

demand fluctuation, the age of the pump, and changes in the system not accounted for in the 

original design.  The Rowe boosters and Peery boosters 1, 2, and 3 were tested in 2007.  The 

Abbott and Greenspot boosters and Tanglewood booster 1 were tested in 2008.  Test data for 

the Hicks boosters, Tanglewood boosters 2 and 3, and Peery booster 4 are out of date.  

Table 4-3 summarizes data concerning the BBCCSD booster pumps.  The Rowe booster 

pumps are shown in Figure 4-3.   

Each of the booster stations servicing the smaller pressure zones is equipped with a fire pump 

to meet the flow and pressure requirements mandated by the fire marshal.  Figure 4-4 shows a 

typical fire pump. 

4.3 Groundwater Supply System 

BBCCSD’s sole source of supply is groundwater from 13 vertical wells, 2 gravity slant wells, and 

2 natural springs.  Of the 13 vertical wells, 2 (Wells 5 and 7A) are inactive.  The active vertical 

wells have a total design capacity of 2,317 gpm.  Of the 11 vertical wells, 9 wells (1, 1B, 3, 3A, 

4, 4A, 6, 8, and 10) pump to the Rowe Reservoir through the Restricted Main for fluoride 

blending.  The other 2 vertical wells (2 and 9) pump directly into the Rowe Pressure Zone.  

Production from the gravity slant wells and springs is closely tied to precipitation and highly 

dependent on the hydrogeology of the region.  Production from the slant wells in Van Dusen 

Canyon feeds the Rowe Pressure Zone by gravity.  The slant wells are located on forest service 

property approximately 3,000 feet north of the north end of Wendy Avenue.  The pipeline 

feeding production from the Van Dusen slant wells to the Rowe Pressure Zone was replaced in 

2008 with 4-inch PVC pipe and a small booster pump.  Flows from the natural springs are 

diverted to the Greenspot Reservoir.  The springs are located south of the Greenspot reservoir 

and enter the reservoir through a common line and meter. 
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Data from BBCCSD’s logbooks provide flow rate (gpm) and discharge pressure (psi) at each 

well.  Chlorine residual is recorded at Wells 2, 6, 9, and 10, at the slant wells, and at the springs.  

(Chlorine residual is also monitored at the Well 8 filtration plant and Rowe Booster Station.)  

In 2003, Well 5 was removed from service and Well 8 was brought on-line.  Beginning in 2004, 

both Well 9 and Well 10 were brought into service.  There are currently plans to replace Well 3 

with a new well at the same site designated as Well 3B.  Well 3B has high production capability 

(1,050 gpm) but also high fluoride concentration (7.5 milligrams per liter [mg/L]).  As a result, 

Well 3B can only be operated at approximately 416 gpm to achieve compliance with the fluoride 

maximum contaminant level (MCL) after blending with the existing low-fluoride sources 

(Section 7.1.1).  In 2011, a new well (the Sugarloaf Well) will be in operation at 300 gpm.  

Negotiations are currently underway to procure sufficient low-fluoride water from BBLDWP to 

maximize production from Well 3B.  Figure 4-5 illustrates the 2007 contribution of each well to 

the monthly supply for BBCCSD. 

Figure 4-6 shows Well 10.  Table 4-4 summarizes well drilling data and Table 4-5 provides the 

well pump data.  Wells 1, 2, 3A, 4, 6, and 9 were tested in 2007.  The remaining active wells 

were tested in 2008 (Wells 5 and 7A are inactive.)   

The slant wells and the springs feed the distribution system by gravity and typically require no 

pumping; however, a small pump has been installed at the site of the Van Dusen slant wells to 

overcome head loss in the new 4-inch discharge pipeline.  The new discharge pipeline replaced 

the original riveted steel pipeline, which was larger in diameter but no longer met public health 

standards.  The 1991 Water Master Plan indicates that the combined flow rate for the slant wells 

ranges from 40 to 300 gpm and the combined flow rate for the springs ranges from 100 to 

550 gpm.  For purposes of calculating available supply, gravity production totals from 2007 have 

been adopted.  2007 is considered by BBCCSD as a typical “dry” year.  For 2007, the average 

combined flow from the slant wells was calculated at 138 gpm and the average combined flow 

from the springs was calculated at 172 gpm. 
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4.4 Emergency Water Connections 

In 1995, BBCCSD entered into an agreement to provide emergency interties with BBLDWP.  

The interties consist of adjacent fire hydrants, one maintained by BBCCSD and the other by 

BBLDWP, that are connected hydraulically, thus linking the two districts.  Each intertie has a 

capacity of 1,000 gpm and links to the Rowe Pressure Zone.  The Division Intertie is located on 

the west side of the BBCCSD Service Area at the intersection of Division Drive and West 

Country Club Boulevard.  The Erwin Ranch Intertie is located near the east side of the BBCCSD 

Service Area at the intersection of Erwin Ranch Road and Greenspot Boulevard (SR 38).   

Figure 4-1 shows the locations of the interties.  Figure 4-7 shows the Erwin Ranch Road 

Emergency Intertie site. 

Emergency connections are typically used during times of natural or manmade disasters.  In 

addition, the agencies may transfer water during repairs and maintenance.  There are no formal 

agreements regarding water transfer.  Each transfer is evaluated individually.  However, if the 

interties are sized appropriately and institutional arrangements are made, a more formal transfer 

program could be implemented. 

BBCCSD has been granted a variance by the State of California for an elevated fluoride 

concentration:  BBCCSD may exceed the current fluoride MCL of 2 mg/L and deliver a fluoride 

concentration of 3 mg/L to its customers.  However, this variance may interfere with the 

development of water transfer agreements because adjacent water districts may be held to a 

stricter standard. 

Discharge of water from the BBCCSD system does occur from the Greenspot Reservoir to 

overflow waste during times of low demand with naturally high production from Greenspot and 

Hatchery Springs.  BBCCSD has installed an overflow meter to document this formerly 

unaccounted water. 

BBCCSD has no imported water connections.  The nearest imported water wholesaler is 

Crestline Lake Arrowhead Water Agency, and the distance and mountainous terrain make a 
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potential intertie prohibitive.  Other area water agencies for potential intertie and transfer 

include:  

• Big Bear Lake Municipal Water District, which manages Big Bear Lake primarily for 

recreation and does not have any surface flow water rights  

• Bear Valley Mutual Water Company, which owns lake water rights  

• Big Bear Area Regional Wastewater Agency, which currently collects potential recycled 

water directly from the BBCCSD Service Area 

4.5 Reservoirs 

BBCCSD currently maintains four storage tanks with a combined storage capacity of 

approximately 6.24 million gallons (19.1 acre-feet).  This volume is equivalent to 5.6 days of 

present ADD and 2.9 days of present MDD.  Table 4-6 summarizes the reservoir data.  

Figure 4-8 shows the Greenspot Reservoir. 

4.6 Pressure-Reducing Stations 

BBCCSD maintains one pressure-reducing station, located on the southeast corner of the 

intersection of Maltby Boulevard and Bluebill Drive.  The station’s function is to relieve pressure 

from the Well 10 site before the water enters the low-pressure fluoride blending line (Restricted 

Main).  The equipment includes a 4-inch Hytrol pressure-reducing Cla-Val, model #81-02-18A, 

which is currently set to reduce pressure from 110 psi to 10 psi. 

4.7 SCADA System 

The Water Distribution Telemetry System is designed to offer enhanced data acquisition 

through monitoring of the system status and alarms and to control of all pumps, tanks, and 

wells.  BBCCSD maintains a software-driven computer-based SCADA system, which includes 
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instrumentation and control equipment for monitoring, communications, alarm, control, display, 

and reporting functions.   

The heart of the system is the central computer system located at the BBCCSD District Office, 

which consists of a fault-tolerant server connected to an ethernet local area network.  The 

server is equipped with a redundant power supply and hard disc.  The system may be accessed 

remotely by laptop or by dial-up phone lines through a remote access server.   

The central node of the SCADA system is the data concentrator.  The data concentrator 

communicates with remote sites by radio using Netview software and notifies operators about 

alarms by phone through an automated system using AlarmWorX+ software by Iconics.  The 

Human Machine Interface software is OpenEnterprise by Bristol Babcock.  It serves as the main 

operator interface for monitoring and control of the SCADA system and features graphic 

screens, trends, and storage of collected historical data.   

Figures 4-9a and 4-9b show images from the SCADA interface. 

The precursor to and current backup to telemetry, logbook records, are still maintained by 

system operators.  A total of 20 separate logbooks are kept for: 

• Hicks Booster Pump Station 

• Tanglewood Booster Pump Station 

• Edward E. Abbott Booster Pump Station 

• Greenspot Reservoir and Booster Station 

• Peery Booster Pump Station and Reservoir 

• Joseph A. Rowe Booster Station 

• Greenspot Spring, Greenspot Reservoir, Fish Hatchery Spring Station 

• Van Dusen slant wells and chlorinator 

• Well 1 

• Well 1B 

• Well 2 

• Well 3 
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• Well 3A 

• Well 4 

• Well 4A 

• Well 6 

• Well 8 

• Well 8 Filtration Plant 

• Well 9 

• Well 10 

4.8 Water Treatment Facilities 

4.8.1 Fluoride Blending 

Several BBCCSD wells exhibit high fluoride concentrations.  Although treatment was 

considered, BBCCSD opted to blend the high fluoride concentration sources with low fluoride 

concentration sources to meet health standards.  BBCCSD currently holds a variance from the 

State of California to exceed the prevailing fluoride MCL of 2 mg/L up to a concentration of 

3 mg/L. 

Fluoride blending occurs within a Restricted Main that connects a series of wells to the Rowe 

Reservoir.  The current fluoride blending system has been operational since June 1990.  The 

original system consisted of pipelines, a pumping station, a 2.5-million-gallon blending reservoir, 

and renovations to seven existing wells (1, 1b, 3, 3a, 4, 4a, and 6).  Wells 8 and 10 were 

recently added to the fluoride blending system.  Well 10 is a low-fluoride well drilled in 2004.  

Well 8 was added to the blending system in 2008 following completion of an iron and 

manganese treatment facility (Section 4.8.2).  Operation of the existing water system was 

modified so that the nine wells all pump directly into a Restricted Main that then delivers the 

water to the Rowe Reservoir, located at the Paradise Maintenance Yard.  Well waters with 

differing fluoride concentrations are blended in the Restricted Main en route to the Rowe 

Reservoir; from the reservoir the blended water is pumped directly into the Rowe Pressure 

Zone.  This blended water is tested on a weekly basis as required by the State of California 

Public Health Department.  
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BBCCSD also samples the nine source wells weekly, and the source fluoride levels are updated 

on a theoretical fluoride blending spreadsheet immediately upon receiving the laboratory results 

of the fluoride concentrations.  The well turn-on setpoints are then adjusted to achieve the most 

effective blend. 

BBCCSD is currently exploring options for blending a new high-fluoride-concentration source 

(Well 3B).  Insufficient low-fluoride-concentration sources are available at this time to offset the 

new high-fluoride source; however, a new well in the vicinity of the Sugarloaf community and 

imported water from BBLDWP are being considered.  If a low-fluoride-concentration source can 

be found, BBCCSD will be able to maximize the production of Well 3B, which has an 

established production capacity of 1,050 gpm.   

4.8.2 Iron and Manganese Removal at Well 8 

Well 8 is fitted with a Kinetico groundwater treatment system that involves a two-step process of 

oxidation and filtration to remove iron and manganese.  The oxidation step consists of adding 

chlorine using a chemical feed pump and raising the pH with sodium hydroxide.  The filtration 

step involves downflow pressure filtration and upflow backwash through a ceramic filtration 

media.  The system consists of three steel tanks, each limited to a flow of 200 gpm for a normal 

service flow capacity of 600 gpm.  The entire system is controlled through a programmable logic 

controller (PLC).  The PLC controls the various automatic sequences for filtration and chlorine 

dosing.  Figure 4-10 shows the Well 8 treatment system tanks. 

4.8.3 Chlorination 

Disinfection by injection of 12.5 percent liquid sodium hypochlorite occurs at the seven locations 

indicated in Table 4-7. 

Each facility is equipped with a positive displacement chemical feed pump that draws from a 

55-gallon drum and injects the sodium hypochlorite solution directly into the distribution system.  

The pumps are sized to maintain a 1.0-mg/L chlorine residual throughout the system.  Surplus 
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chlorine is stored at the Rowe Booster Station.  All other sites have between 50 and 100 gallons 

on hand.  Figure 4-11 shows the chlorine injection system for Well 2.   

4.9 Backup Power Generation 

BBCCSD maintains backup power generators at the Abbott, Greenspot, Hicks, Peery, Rowe, 

and Tanglewood Booster Stations and at the Well 8 site.  A portable generator is also housed at 

the Well 1/1B site.  Because there is no elevated storage in the Abbott, Greenspot, Hicks, and 

Peery Pressure Zones, demand during a power outage can only be met by means of backup 

power generation.  Figure 4-12 shows a typical stationary power generator; Figure 4-13 shows 

the portable generator. 
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5. Hydraulic Model 

In support of the BBCCSD Water Master Plan, IDM updated, calibrated, and evaluated the 

hydraulic model of the water distribution system and has developed this section to discuss the 

processes involved and assumptions made during the project.  Sections 5.1 through 5.5 discuss 

the model facility data update, demand development, steady-state calibration, future scenario 

development, and master plan model evaluations, including recommendations for the existing 

and future water systems in planning years 2008, 2013, and 2030.   

5.1 Model Facility Data Update 

The model for the BBCCSD water system provided by So & Associates Engineers, Inc. (SAE) 

was used as the starting point for the project.  This hydraulic model was updated using MWH 

Soft’s H2ONET Version 8.0 for AutoCAD 2008. 

It was confirmed with BBCCSD that the connectivity and/or configuration of several facilities in 

the original model should be updated to correctly reflect conditions in the field.  BBCCSD, SAE, 

DBS&A, and Civiltec staff provided significant guidance during the update process.  In addition, 

the AutoCAD basemap of the water system was used as a reference to complete the 

connectivity and configuration changes.  These updates are discussed in Sections 5.1.1 

through 5.1.3. 

5.1.1 Tanks 

Model attributes required for the tank facilities include base elevation, maximum water level, 

initial water level (assumed or known starting point), and diameter.  The tank locations and 

attributes from the BBCCSD water system model provided by SAE were used in the updated 

model.  Table 5-1 summarizes the model tank dimensions for each of existing tanks in the 

BBCCSD system. 
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5.1.2 Pumps 

Pumps in the original model were typically modeled with design point curves.  Pump test 

information was collected in May 2001 for several well and booster pumps and was provided to 

IDM by BBCCSD to update these pump design points.  Table 5-2 displays the final pump design 

point attributes used in the model. 

Several well pumps were assigned pump curves based on pump manufacturer curve 

information provided to IDM by BBCCSD.  The following well pump curves can be found in 

Appendix C: 

• Well 1 

• Well 1B 

• Well 3 

• Well 4 

• Well 4A 

• Well 6 

• Well 8 

• Well 10 

5.1.3 Pressure Zone Designation 

The BBCCSD system has six pressure zones: Abbott, Greenspot, Hicks, Peery, Tanglewood, 

and Main.  IDM attributed the pipes and junctions in the model with their appropriate pressure 

zone designation using the “BBCCSD Water System Map_AC” AutoCAD map provided by 

BBCCSD.  The pressure zone designations and discussions with the BBCCSD staff helped to 

identify the closed valves that needed to be created in order to separate the pressure zones.  

Table 5-3 provides the locations of the pressure zone breaks added to the model. 
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5.2 Demand Allocation 

The original water model had not been updated to represent recent growth.  Areas in the water 

model with zero or very low demand allocation were examined in detail by Civiltec.  Those areas 

include the Hicks, Peery, Abbott, Greenspot, and Tanglewood pressure zones.  Consumption 

records between 2003 and 2007 were tabulated as percentages of total consumption on an 

annual basis.  The highest percentage over that period for each area was multiplied by the 2008 

ADD of 1,238 ac-ft/yr and distributed evenly. 

Additionally, based on Civiltec’s analysis, three individual consumers have demands an order of 

magnitude higher than typical customers:  Whispering Pines Estates, Stickleback Fish 

Environment, and Big Bear High School.  Demands for these large customers are represented 

in the model as a single node point demand as directed by Civiltec. 

According to Civiltec, 2008 ADD for the BBCCSD water system is 767.5 gpm.  This 

consumption demand provided by Civiltec for model allocation was scaled up by 10 percent to 

account for water loss.  This demand is considerably lower than the demand allocation in the 

original model.  BBCCSD confirmed that this reduced demand was the result of conversion from 

a flat fee to a metered billing system. 

Hydraulic model demand allocation is largely driven by the amount of data available to correlate 

water usage with a customer location or land use type within the service area.  This geographic 

relationship allows for accurate demand assignments to the appropriate hydraulic model 

junction.  As geocoded customer locations were not available, the demands for the BBCCSD 

water system were allocated by evenly distributing each zone’s demand across all of the service 

nodes within that zone.  Table 5-4 displays the ADD table provided by Civiltec with the values 

that were allocated to the model per pressure zone as well as the ADD for the three largest 

water users, which were added to the model as single-node point demands. 

In addition, the three large users listed at the bottom of Table 5-4 were loaded to specific 

junctions within the model.  Table 5-5 displays the locations of these large users within the 

model. 
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The MDD peaking factor is the ratio of the MDD to the ADD and was calculated by Civiltec to be 

2.0 for the BBCCSD system.  This factor was applied to the model to convert the ADD into 

MDD. 

5.3 Steady-State Calibration 

Steady-state (SS) calibration was based on six hydrant tests performed and recorded by 

BBCCSD and IDM on June 10, 2008.  Figure 5-1 illustrates the locations in the BBCCSD 

system where the hydrant tests were performed.  Twelve unique model scenarios were created, 

two for each of the six field hydrant tests (one representing static conditions, one representing 

dynamic [flowing] conditions).  The goal of the SS calibration was to obtain a reasonably close 

difference between the model pressure drop and the field pressure drop observed on June 10, 

2008.  The boundary conditions (well discharge pressure, well flow, and tank level) for each SS 

calibration scenario were gathered during hydrant testing and used to establish model boundary 

conditions for each scenario. 

A separate demand set was created for each of the six static and six dynamic fire flow tests.  

Demand allocation as described in Section 5.2 was used as the base demand for each demand 

set in all static and dynamic scenarios.  The fire hydrant flow for each fire flow test was added 

as a point load demand to the corresponding dynamic scenario within the model.  Since the 

static and dynamic test runs occur within minutes of each other, the baseline system demands 

for each fire flow test’s static and dynamic conditions were considered to be equal. 

5.3.1 Demand Adjustments for Steady-State Calibration 

SS calibration is typically sensitive to system demand.  To achieve the desired calibration goal, 

adjustments were made to the demands for each calibration scenario.  This section discusses 

the adjustments made to the model’s MDD that were necessary for model calibration. 

The total system demand (i.e., pump flows) was not available during the hydrant testing.  

Therefore, the initial demands for all steady-state scenarios were based on the MDD demand 
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loading of 1,535 gpm.  These were then adjusted in the model, during the calibration, to match 

the pressures observed in the field.  Table 5-6 shows the demand adjustments for each test. 

5.3.2 System Connectivity and Pipeline Roughness Adjustments for Steady-State 

Calibration 

Further adjustments to the model were found to be necessary to achieve this project’s desired 

calibration goals.  Specific calibration adjustments centered on two primary areas: 

1. System connectivity 

2. Pipeline roughness (C-factors) 

Adjustments were made to the system connectivity based on conversations and remote 

computing sessions with SAE and BBCCSD staff. 

The pipelines in the original model were not attributed with material and age.  Further, these 

attributes were not included in the AutoCAD drawing supplied by BBCCSD; therefore, C-factors 

were considered to be a model parameter that could be adjusted to help achieve the desired 

calibration accuracy.  Accordingly, IDM adjusted C-factors based on conversations and/or 

remote computing sessions with BBCCSD staff. 

5.3.3 Steady-State Calibration Results 

Final model SS calibration results (Table 5-7) showed close agreement with the field static and 

dynamic pressure measurements recorded during hydrant testing.  As shown in Table 5-7, 89 

percent of all model calibration points were within 5 psi of what was measured in the field. 

A more detailed comparison between the results obtained from the model and the field values 

measured during the hydrant testing can be found in Appendix D.  This file shows the 

comparison values for each hydrant examined at each test site. 

For the static condition scenarios, the model was able to predict pressures within 5 psi of field 

values for 75 percent of the test locations and within 10 psi for 25 percent of all test locations.  
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For the dynamic condition scenarios, 73 percent of test values were within 5 psi, and 27 percent 

of values were within 10 psi of the field-measured values. 

5.4 Master Plan Scenario Development 

Future scenarios were developed using the SS calibrated model of the BBCCSD water system 

as a baseline.  IDM used information provided by Civiltec to update the future demand sets for 

each planning scenario.  Table 5-8 lists the scenarios that were created for this Master Plan. 

5.4.1 Future Demand Development 

Future ADD was provided by Civiltec for the years 2013 and 2030.  These demands were input 

to the model and scaled using a factor of 2.0 to estimate system MDD and a factor of 4.0 to 

estimate PHD.  Table 5-9 illustrates the ADD, MDD, and PHD for each planning year.  Initial 

model simulations were completed using a more conservative demand projection for 2030 than 

indicated in Table 2-12.  No hydraulic deficiencies were uncovered as a result of the more 

conservative demand projection; therefore, re-evaluation with the more accurate demand 

projection was deemed to be unwarranted. 

5.4.2 Master Plan Model Evaluations 

The SS calibrated hydraulic model was used to support the analysis of the BBCCSD’s system 

and to identify existing and future deficiencies.  The model was used to identify system and 

pipeline improvements that would address the areas identified as having deficiencies.  Results 

from these analyses were used as the initial basis for the capital improvement plan (CIP). 

5.4.3 Planning Scenarios 

The hydraulic model was used to identify specific system deficiencies in the existing and future 

distribution system and to analyze recommended system improvements.  At the direction of 

Civiltec, system deficiencies were identified by running the model under two specific operational 

conditions: maximum day demand (MDD) and maximum day demand plus fire flow (MDD+FF).  
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If the system can satisfy the specified design criteria under MDD+FF conditions, the system will 

typically be able to satisfy the design criteria at other times of the year when conditions are less 

severe. 

The analysis runs completed for the project are summarized in Tables 5-10 and 5-11.  

Table 5-10 identifies the model facility set, type of simulation run, and the system demands 

used in each scenario to analyze the BBCCSD system prior to the suggested improvements.  

Table 5-11 identifies the model facility set, type of simulation run, and the system demands 

used in each scenario to analyze the BBCCSD system with the suggested improvements. 

5.4.4 Design Criteria 

Specific design criteria for MDD and MDD+FF demand conditions were provided by Civiltec.  

These design criteria were used to identify system deficiencies for each planning period.  The 

design criteria are specific to a given demand condition and are as follows: 

• MDD design criteria 

− Maintain service pressures between 40 psi and 120 psi. 

− Maintain pipeline velocities less than or equal to 5 feet per second (fps). 

• MDD+FF design criteria 

− Maintain a minimum residual pressure of 20 psi at the flowing hydrant when the 

hydrant is supplying the full required flow. 

− Maintain pipeline velocities less than or equal to 10 fps during fire flow conditions. 

− A fire flow of 1,500 gpm was assumed (based on information from Civiltec) for 

residential areas.  A fire flow of 3,000 gpm was assumed for commercial areas.  For 

commercial areas, combining simultaneous flow from multiple hydrants is 

acceptable. 

For smaller systems, the fire flow requirements are typically what determine the pipe sizing for 

the system improvements.  The total fire flow value required for smaller systems normally 
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exceeds the PHD and MDD demands for the region affected by the fire flow.  As such, most 

system pipeline improvements are driven (or sized) by fire flow requirements rather than other 

requirements.  This was found to be the case for the BBCCSD system.  Most pipeline 

improvements were controlled by fire flow deficiencies. 

5.4.5 Pipeline Improvement Assumptions 

Where system deficiencies were observed in the model, a pipeline improvement was identified 

to resolve the deficiency.  The ability of a pipeline improvement to resolve an identified 

deficiency was verified by adding model piping to reflect the improvement to the piping network 

and then re-running the scenario to confirm that the deficiency was resolved. 

The types of improvements added to the pipeline network in the model were added as parallel 

pipelines to the existing system network for pipelines larger than 12 inches in diameter.  For 

improvements to pipelines 12 inches or smaller in diameter, a replacement pipeline was 

recommended.  In general, the minimum pipeline size for any future system improvement was 

considered to be an 8-inch pipeline. 

5.5 Existing Water System Evaluation Results 

An evaluation of the existing system was completed as a first step in the hydraulic model 

analysis.  This evaluation included MDD and MDD+FF runs using existing system piping, 

existing wells, and existing system demands.  These model runs identified existing deficiencies 

in the water system.  These existing system deficiencies were addressed first.  The future 

system scenarios were then run with the proposed improvements to determine if any additional 

improvements would be needed. 

5.5.1 Existing Maximum Day Plus Fire Flow Hydraulic Deficiencies 

MDD+FF analysis of the existing system was completed using the EX_SS_MDP+FF scenario 

(Table 5-8).  In this scenario, a required fire flow of 1,500 gpm was used at all residential 

hydrant junctions, while 3,000 gpm was used at all commercial hydrants.  Individual hydrants 
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are not included in the model; thus the nearest junction was used to represent the hydrant 

location.  The software calculated the available fire flow at the hydrant while maintaining a 

minimum pressure at the hydrant of 20 psi and maintaining pipeline velocities under 10 fps.  

Hydrants that were unable to provide the required available fire flow under the criteria were 

identified as deficient.  A map of the system fire flow deficiencies is included in Appendix E. 

Existing system MDD+FF analysis results were also stored within the model database tables.  

Available fire flow results for each fire flow junction were attributed to the respective junction’s 

“EXFF_AQ” data field in the model. 

A total of 159 out of 526 hydrants (~30 percent) analyzed were found to have deficient fire flow.  

This number includes 151 residential hydrants that did not meet the requirement of an available 

fire flow of 1,500 gpm and 8 commercial hydrants that did not meet the requirement of 3,000 

gpm. 

Additional analyses were performed on the commercial hydrants to confirm that the 3,000-gpm 

requirement could be met if used simultaneously with an adjacent hydrant.  Each of the 

8 hydrants was analyzed using the H2ONET’s “Multi-Fireflow” tool.  It was confirmed that 7 of 

these commercial locations could supply a total fire flow of more than 3,000 gpm when flowing 

simultaneously with an adjacent hydrant (Table 5-12).  The hydrant at Junction 538 did not meet 

the 3,000-gpm fire flow requirement when flowing simultaneously with an adjacent hydrant and 

will need additional improvements.   

The 151 residential hydrants were located throughout the system and their fire flow deficiencies 

appear to be caused by undersized pipelines, insufficient looping, and/or high elevations.  

Pipeline improvement projects were identified to resolve the identified deficiencies of the 

existing system under MDD+FF conditions caused by undersized piping and lack of looping.  

For areas with high elevations, deficiencies were reconciled by other means.  Table 5-13 

summarizes these high-elevation deficiencies and provides insight into their resolution. 
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5.5.2 Existing Maximum Day Deficiencies 

The MDD analysis of the existing system was completed using the EX_SS_MDP scenario 

(Table 5-8).  A map of the pressure and velocity deficiencies under MDD conditions is provided 

as Appendix F. 

Existing system MDD analysis results were stored within the model database tables.  Existing 

system MDD pressures can be found for any junction in the “EX_MDP” data field within the 

model.  Existing system MDD velocities can be found on any pipeline in the “EX_VEL” data field 

within the model.   

The analysis identified several locations in the system with service pressures below 40 psi.  

Many of these locations are on the upstream side of pumps and therefore will not impact service 

pressure.  The other locations appear to have low pressures due to the elevation of the terrain.  

Locations that are higher than 115 feet below the zone’s HGL will typically have difficulty 

maintaining a minimum system pressure of 40 psi.  As a result, pipeline improvements will 

typically not resolve low pressures in these areas.  For example, the junctions along San Martin 

Drive are at elevations between 6,870 and 6,890 feet msl.  The HGL along San Martin Drive is 

at approximately 6,953 feet msl, and the head is between 64 and 84 feet, which is equivalent to 

approximately 27 psi to 36 psi.  Areas with low pressures due to high elevations could be due to 

the elevation uncertainty observed during model calibration.  It is recommended that model 

areas with high or low pressures be reviewed to confirm the model elevations. 

At several locations the service pressure exceeded the desired maximum of 120 psi.  All except 

for one of these locations occur in the Peery Pressure Zone.  The pressures in this zone range 

from 56 psi to 135 psi.  IDM reduced the pressures at the Peery Booster Pumps by 15 psi, 

resulting in pressures within the target operating range of 40 psi to 120 psi.  This area should be 

investigated to confirm the pressures in the Peery Pressure Zone.  Based on the model results, 

customers located at an elevation below 6,840 feet msl may experience service pressures of 

120 psi or greater.  One option to mitigate these high service pressures would be to install 

individual pressure-reducing valves (PRVs) at the homes of the high pressure locations. 
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The existing MDD analysis run also identified seven pipelines with high velocities.  Two of the 

pipelines were short interconnecting pipelines located at East Big Bear Boulevard and Shore 

Drive.  The remaining five pipelines exceeding the design criteria pipeline velocities are located 

at pump stations. 

5.5.3 System Improvements to Address Existing Deficiencies 

A number of pipeline improvements were identified to address the deficiencies identified in the 

analysis of the existing system.  Improvements were completed to address these issues: 

• Provide a main line sized to handle the required fire flow (size was based on maintaining 

a velocity under 10 fps and supplying at least 1,500 gpm while keeping the pressures 

above 20 psi).  Smaller pipeline diameters were suggested when pipelines were looped, 

while larger pipeline diameters were suggested on dead end mains. 

• Improve overall system connectivity for fire protection. 

• Address locations where system looping was not currently in place.   

Pipeline improvements were simulated in the model to verify that the proposed improvements 

would resolve the identified deficiencies.  The proposed pipeline improvements are mapped and 

summarized in Appendix G.  

5.5.4 Future Water System Analysis 

Evaluations of the proposed future system were completed using the hydraulic model for 

planning years 2013 and 2030.  These evaluations included MDD and MDD+FF runs using the 

existing system piping plus proposed pipeline improvements and future system demands.  

These analysis runs were used to identify deficiencies in the system for each of the given 

planning years. 
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The deficiencies for the existing system were driven by fire flow requirements provided by the 

fire department.  These fire flow requirements are assumed to be the same in the future system; 

therefore, future system model analyses did not identify any additional deficiencies. 

5.5.5 Summary of Recommended Existing Water System Pipeline Improvement Projects 

This section includes a summary of the pipeline improvement projects that were identified as 

part of the existing system model analysis.  The CIP table in Appendix G includes a detailed list 

of all pipeline improvements.  This section organizes those pipeline improvements into project 

groups within three different categories: improvements driven by inadequate fire flow caused by 

low pressure, improvements driven by inadequate fire flow caused by high velocity, and 

improvements driven by inadequate fire flow caused by low pressure and high velocity.   

Within each category, the projects are given a priority.  The priority is based on the number of 

hydrant locations impacted by the improvement.  High-priority projects affect five or more 

locations.  Medium-priority projects affect three or four locations.  Low-priority projects affect 

one or two locations.  A map highlighting each project area is included in Appendix G, and their 

priority is discussed in the following subsections.  These projects, which are based entirely on 

hydraulic modeling, were later merged in whole or in part with other improvements 

recommended in analyses discussed in Section 7. 

5.5.5.1  Improvements Driven by Inadequate Fire Flow Caused by Low Pressure 

High-Priority Projects: 

1. Fire flow improvement (undersized pipeline) along State Lane between Lakewood Drive 

and Cypress Lane 

a. Install 2,229 feet of new/parallel 12-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 522, 523, 524, 515, 

516, 517, 519, 520, 529, 535, 538, 539, 540, 541, 542, 544, and 548. 
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2. Fire flow improvement (undersized pump) at Hicks Pump Station 

a. Replace existing fire pump with larger pump (flow: 1,500 gpm; total dynamic head 

[TDH]: 120 feet). 

b. Resolves insufficient fire flow for hydrants at model junction IDs J_7, J_1, J_2, J_5, 

8, 6, J_23, 239, 9, J_13, and J_14. 

3a. Fire flow improvement (undersized pump) at Abbot Pump Station. 

a. Replace existing fire pump with larger pump (flow: 1500 gpm; TDH: 320 feet). 

b. Resolves insufficient fire flow for hydrants at model junction IDs 201, 202, and 

assists in increasing fire flow for all other hydrants in the Abbott Pressure Zone. 

3b. Fire flow improvement (undersized pipeline) along Beaumont Lane between Abbott 

Pump Station and Kean Way 

a. Replace existing 6-inch pipeline with 2,837 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 204, 257, 206, 310, 

and 311. 

4. Fire flow improvement (undersized pipeline) along Cedar Lane, Cedarpine Lane, Shady 

Lane, Manzita Lane, and Fox Road between Highway 38 and Hatchery Drive 

a. Replace existing 4-inch pipeline and 6-inch pipeline with 2,613 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at Model junction IDs 484, 489, 494, 499, 

and 506. 

5. Fire flow improvement (undersized pipeline) along Fern Lane and Willow Lane 

a. Replace existing 6-inch pipeline with 258 feet of 10-inch pipeline along Fern Lane 

west of Willow. 

b. Replace existing 6-inch pipeline with 345 feet of 8-inch pipeline along Fern Lane 

west of Willow. 
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c. Replace existing 6-inch pipeline with 403 feet of 8-inch pipeline along Willow Lane 

between Fern and Fox Road. 

d. Resolves insufficient fire flow for hydrants at model junction IDs 526, 527, 531, 532, 

and 533. 

Medium-Priority Projects: 

6. Fire flow improvement (undersized pipeline and new connection) along Lakewood Drive 

between Jenson Drive and Erwin Ranch 

a. Replace existing 6-inch pipeline with 656 feet of 8-inch pipeline. 

b. Install 1,572 feet of 8-inch pipeline to connect to 8-inch pipeline on Jenson Drive. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 466, 467, 465, and 

470. 

7. Fire flow improvement (undersized pipeline) along Bernhardt Lane at Wallace Lane  

a. Replace existing 4-inch pipeline with 509 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 312, 313, and 351. 

Low-Priority Projects: 

8. Fire flow improvement (undersized pipeline) along Marlowe Drive west of Barrymore 

Road 

a. Replace existing 4-inch pipeline with 86 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 321 and N-55. 

9. Fire flow improvement (undersized pipeline) along Adams Drive southeast of Barrymore 

Road 

a. Replace existing 4-inch pipeline with 340 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 323, 324, and 349. 
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10. Fire flow improvement (undersized pipeline) along Adams Drive northeast of Barrymore 

Road 

a. Replace existing 6-inch pipeline with 404 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 325. 

11. Fire flow improvement (undersized pipeline) along Wesley Court 

a. Replace existing 4-inch pipeline with 184 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 144. 

12. Fire flow improvement (undersized pipeline) along Monmouth Road west of Ringwood 

Trail 

a. Replace existing 6-inch pipeline with 946 feet of 8-inch pipeline. 

b. Improves insufficient fire flow for hydrants at model junction ID 469 (but does not 

increase fire flow above the 1,500-gpm design criterion). 

13. Fire flow improvement (undersized pipeline) along Shady Lane cul-de-sac west of 

Wilderness Drive 

a. Replace existing 8-inch pipeline with 223 feet of 10-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID N_36. 

14. Fire flow improvement (undersized pipeline) south of Hemlock Lane 

a. Replace existing 4-inch pipeline with 486 feet of 8-inch pipeline. 

b. Improves insufficient fire flow for hydrants at model junction IDs 553 and 554 (but 

does not increase fire flow above the 1,500-gpm design criterion) 
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5.5.5.2 Improvements Driven by Inadequate Fire Flow Caused by Low Pressure and/or High 

Velocity 

High-Priority Projects: 

15. Fire flow improvement to create loop and replace undersized pipeline along West 

Division Drive, Sugarloaf Boulevard, Sherwood Boulevard, and Robinhood Boulevard 

a. Replace existing 4-inch pipeline with 963 feet of 8-inch pipeline along West Division 

Drive between Big Bear Boulevard and Sugarloaf Boulevard. 

b. Replace existing 4-inch pipeline with 2,058 feet of 8-inch pipeline along Sugarloaf 

Boulevard between West Division Drive and Pineview Drive. 

c. Replace existing 4-inch pipeline with 1,089 feet of 8-inch pipeline along Sherwood 

Boulevard between Division Drive and Hillen Dale Drive. 

d. Replace existing 4-inch pipeline with 594 feet of 8-inch pipeline along Robinhood 

Boulevard between Division Drive and Gildart Drive. 

e. Replace existing 4-inch pipeline with 1,467 feet of 8-inch pipeline along Robinhood 

Boulevard between Gildart Drive and Pineview Drive. 

f. Resolves insufficient fire flow for hydrants at model junction IDs 122, 128, 123, 127, 

134, 135, 136, 124, N-2, J22, J_146, 556, 153, 152, and 154. 

16. Fire flow improvement (undersized pipeline) along Bernhardt Lane, Booth Way, Irving 

Way, Garrick Way, and Beaumont Lane 

a. Replace existing 4-inch pipeline with 857 feet of 8-inch pipeline along Bernhardt 

Lane between East Big Bear Boulevard and Garrick Way. 

b. Replace existing 4-inch pipeline with 322 feet of 8-inch pipeline along Booth Way 

east of Bernhardt Lane. 

c. Replace existing 4-inch pipeline with 173 feet of 8-inch pipeline along Irving Way 

east of Bernhardt Lane. 

d. Replace existing 4-inch pipeline with 217 feet of 8-inch pipeline along Garrick Way 

between Bernhardt Lane and Beaumont Lane. 
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e. Replace existing 6-inch pipeline with 179 feet of 8-inch pipeline along Beaumont 

Lane between Garrick Way and Kean Way. 

f. Resolves insufficient fire flow for hydrants at model junction IDs 299, 300, 301, 303, 

306, and 307. 

17. Fire flow improvement to create two 8-inch pipelines loops along Wendy Avenue, 

Pioneer Lane, Michael, Avenue, and Sequoia Avenue to connect to 12-inch pipeline 

along North Shore Drive 

a. Replace approximately 1,099 feet of 6-inch pipeline with 8-inch pipeline along Wendy 

Avenue. 

b. Replace approximately 1,087 feet of 4-inch pipeline with 8-inch pipeline along 

Michael Avenue. 

c. Replace approximately 2,082 feet of 6-inch pipeline with 8-inch pipeline along 

Pioneer Lane. 

d. Replace approximately 294 feet of 4-inch pipeline with 8-inch pipeline along Sequoia 

Avenue. 

e. Resolves insufficient fire flow for hydrants at model junction IDs 60 and 59; improves 

fire flow (but does not increase fire flow above the 1,500-gpm design criterion) for 

model junction IDs 53, 55, and 246). 

Medium-Priority Projects: 

18. Fire flow improvement (undersized pipeline) along Paradise Way between East Big Bear 

and Kean Way 

a. Replace existing 4-inch pipeline with 611 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 235, 236, 237, and 

238. 
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19. Fire flow improvement to create loop along Maltby Boulevard and Shore Drive  

a. Replace existing 4-inch pipeline with 1,431 feet of 8-inch pipeline along Maltby 

Boulevard between Pintail Drive and Shore Drive. 

b. Replace existing 6-inch pipeline with 1,639 feet of 8-inch pipeline along Shore Drive 

between Maltby Boulevard and County Club Boulevard. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 557, 264, 265, and 

332. 

20. Fire flow improvement to create an 8-inch pipeline loop along Arbor Lane to Sierra 

Avenue, San Anselmo Drive, and Mt. Doble Drive 

a. Replace approximately 656 feet of 6-inch pipeline with 8-inch pipeline along Arbor 

Lane. 

b. Replace approximately 279 feet of 4-inch pipeline with 8-inch pipeline along Arbor 

Lane. 

c. Replace approximately 266 feet of 2-inch pipeline with 8-inch pipeline along Arbor 

Lane. 

d. Replace existing 4-inch pipeline with 570 feet of 8-inch pipeline and connect to 

12-inch pipeline on Paradise Way. 

e. Replace existing 4-inch pipeline with 562 feet of 8-inch pipeline. 

f. Resolves insufficient fire flow for hydrants at model junction IDs 86, 96, 89, and 88. 

21. Fire flow improvement to create looping along Mountain View Boulevard and Mt. Doble 

Drive 

a. Replace existing 4-inch pipeline with 1,138 feet of 8-inch pipeline. 

b. Replace existing 4-inch pipeline with 483 feet of 8-inch pipeline. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 226, 216, and 217. 
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22. Fire flow improvement to create loop and replace undersized pipeline along Sugarloaf 

Boulevard and Dawn Drive 

a. Replace existing 4-inch pipeline with 766 feet of 8-inch pipeline along Sugarloaf 

Boulevard between Pineview Drive and Dawn Drive. 

b. Replace existing 4-inch pipeline with 612 feet of 8-inch pipeline along Dawn Drive, 

between Sugarloaf Boulevard and West Big Bear Boulevard. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 162, 163, and 140. 

23. Fire flow improvement to create 8-inch pipeline loop along Aeroplane Boulevard and 

Greenway Drive 

a. Replace existing 4-inch pipeline with 972 feet of 8-inch pipeline along Aeroplane 

Boulevard between Gold Mountain and Greenway Drive. 

b. Replace existing 4-inch pipeline with 802 feet of 8-inch pipeline along Greenway 

Drive between Aeroplane Boulevard and East Big Bear Boulevard. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 210, 211, and 212. 

24. Fire flow improvement (undersized pipeline) along Stanford Road between Whipple 

Road and Greenspot Road, along Sires Way between Montclair Drive and Greenspot 

Road, and along Greenspot Drive 

a. Replace existing 6-inch pipeline with 250 feet of 8-inch pipeline along Stanford Road. 

b. Replace existing 6-inch pipeline with 328 feet of 8-inch pipeline along Sires Way. 

c. Replace existing 2-inch pipeline with 530 feet of 8-inch pipeline along Greenspot 

Drive. 

d. Resolves insufficient fire flow for hydrants at model junction IDs 388, 398, and 387. 
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Low-Priority Projects: 

25. Fire flow improvement (undersized pipeline) along Glencove Drive and Willow Lane 

a. Replace existing 6-inch pipeline with 1,134 feet of 8-inch pipeline along Glencove 

Drive. 

b. Replace existing 6-inch pipeline with 460 feet of 8-inch pipeline along Willow Lane 

between Glencove Drive and Tulip Lane. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 551 and 534. 

26. Fire flow improvement at Hale Drive and Holden Avenue 

a. Install approximately 300 feet of 8-inch pipeline to create loop between Wendt 

Avenue and Van Dusen Canyon Drive. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 35 and 34. 

5.5.5.3 Improvements Driven by Inadequate Fire Flow Caused by High Velocity  

High-Priority Projects: 

27. Fire flow improvement to create 8-inch pipeline looping Sequoia Avenue, Cinderella 

Drive, Hugo Lane, and Grenfall Lane, to connect to 12-inch pipeline along Paradise Way 

a. Replace approximately 364 feet of 4-inch pipeline with 8-inch pipeline along Sequoia 

Avenue. 

b. Replace approximately 901 feet of 4-inch pipeline with 8-inch pipeline along 

Cinderella Drive. 

c. Replace approximately 1,223 feet of 6-inch pipeline with 8-inch pipeline along Hugo 

Lane and North Shore Boulevard to Paradise Way. 

d. Replace approximately 1,045 feet of 4-inch pipeline with 8-inch pipeline along Hugo 

Lane and Grenfall Lane to Paradise Way. 

e. Resolves insufficient fire flow for hydrants at model junction IDs 116, 99, 100, 101, 

98, 108, 109, and 110. 
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Medium-Priority Projects: 

28. Fire flow improvement to create looping along West Meadow Lane from Sierra Avenue 

to Wendy Avenue 

a. Replace existing 4-inch pipeline with 878 feet of 8-inch pipeline. 

b. Replace existing 6-inch pipeline with 1,438 feet of 8-inch pipeline. 

c. Resolves insufficient fire flow for hydrants at model junction IDs 71, 74, 75, and 77. 

29. Fire flow improvement (undersized pipeline) along Greenspot Road between Malabar 

Way and Mann Drive 

a. Replace existing 6-inch pipeline with 826 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 384, 385, and 386. 

Low-Priority Projects: 

30. Fire flow improvement (undersized pipeline) along Sawmill Drive between Aeroplane 

Boulevard and Rainbow Boulevard 

a. Replace existing 6-inch pipeline with 247 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 193 and 194. 

31. Fire flow improvement (undersized pipeline) near White Mountain Drive cul-de-sac 

a. Replace approximately 294 feet of 6-inch pipeline with 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 10 and 11. 

32. Fire flow improvement (undersized pipeline) along Brewer Way between Malabar Way 

and Zaca Road 

a. Replace existing 4-inch pipeline with 1,320 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction IDs 397 and 411. 
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33. Fire flow improvement (undersized pipeline) on Feather Mountain Drive 

a. Replace approximately 124 feet of 6-inch pipeline with 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 22. 

34. Fire flow improvement (undersized pipeline) along Rosehill Drive between West Fair 

Way and West Country Club 

a. Replace existing 4-inch pipeline with 250 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 254. 

35. Fire flow improvement (new pipeline) at Country Club Boulevard at Keiner Drive 

a. Install 25 feet of 8-inch pipeline and connect to 8-inch pipeline along Keiner Drive. 

b. Resolves insufficient fire flow for hydrants at model junction ID 717. 

36. Fire flow improvement (undersized pipeline) along Big Tree Drive at Sherwood 

Boulevard 

a. Replace existing 4-inch pipeline with 60 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 181. 

37. Fire flow improvement (undersized pipeline) along Big Tree Drive between Aeroplane 

Boulevard and Rainbow Boulevard 

a. Replace existing 4-inch pipeline with 149 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 179. 

38. Fire flow improvement (undersized pipeline) at Sherwood Boulevard and Sawmill Drive 

a. Replace existing 4-inch pipeline with 38 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 191. 
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39. Fire flow improvement (undersized pipeline) at Monclair Drive north of Bodie 

a. Replace existing 6-inch pipeline with 11.92 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 422. 

40. Fire flow improvement (undersized pipeline) along Panamint Mountain Drive, between 

Lookout Mountain Road west to cul-de-sac (Hicks Pressure Zone) 

a. Replace existing 6-inch pipeline with 479 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID J_15. 

41. Fire flow improvement (new pipeline) along walkway between East Big Bear and 

Malabar Way 

a. Install 611 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 381. 

42. Fire flow improvement (undersized pipeline) along North Shore Drive, east of Wendy 

Avenue 

a. Replace existing 6-inch pipeline with 88 feet of 8-inch pipeline. 

b. Resolves insufficient fire flow for hydrants at model junction ID 705. 

5.5.5.4 Improvements Driven by High Velocity under Maximum Day Demand 

43. Velocity improvement at East Big Bear Boulevard and Shore Drive  

a. Replace approximately 55 feet of 6-inch pipeline with 8-inch pipeline 

Optional Project: 

44. Place PRVs on all homes with pressures higher than 120 psi or adjust the variable 

frequency drive (VFD) setting at the Peery pump station that operates at a lower head.  
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5.5.6 Summary 

A summary of all pipeline improvements with pipeline lengths and diameters of each pipeline 

improvement is provided in Appendix G, which also includes maps highlighting the specific 

locations of the pipeline improvements discussed in Section 5.5.5. 

The suggested improvements satisfy the flow, pressure, and velocity design criteria for all 

planning years with the exception of the areas of high elevation where fire flow could not be 

achieved by pipeline improvements.  As discussed above, these areas will need to be analyzed 

further to verify the elevation and determine the improvement needed to satisfy the design 

criteria. 
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6. Design Criteria 

The future water requirements discussed in Section 2 were based on full development of the 

BBCCSD service boundary, applicable General Plans, and future population estimates up to the 

year 2030, which is the limit of this study.  Water facilities have been sized to deliver system 

demands plus fire flow requirements based on the land and water use discussed in Section 2.  

Should major changes be made in the type of land use, this Plan should be reviewed and 

revised to accommodate the changes.  Table 6-1 summarizes the BBCCSD design criteria 

discussed in this section. 

6.1 Ratios for Maximum Day Demand and Peak Hour Demand 

The following ratios have been developed from BBCCSD’s water use data from 2007 and are 

used to predict the MDD and PHD that the water system must be capable of supplying: 

• Present MDD = 2.0 times present ADD 

• Present PHD = 4.0 times present ADD  

• Present minimum day demand = 0.4 times present ADD 

6.2 General Water System Pressure Criteria 

The level of service that is provided for domestic use is based on the available water pressure.  

Typical water industry design criteria have an ultimate goal of 40 to 120 psi for system 

pressures in distribution mains under normal operating conditions.  Due to the terrain 

undulations within the community, this goal may not be achievable, but under no circumstances 

should the pressure in the system exceed the pressure class rating of the pipe.  During 

minimum hour demands, when booster pumps are operating to refill reservoirs, pressures 

should not typically exceed 200 psi, as an ultimate goal, or the pressure rating of the pipe, 

whichever is lower.  
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For fire conditions, residual pressures should not fall below 20 psi, in accordance with the Big 

Bear City Fire Department requirements during a fire event.  One exception is fire hydrants that 

are located so close to reservoirs as to not achieve the requirement for pressure residual.  

These hydrants shall be designated as “draft hydrants” and piping shall be sized from the 

reservoir to the hydrant to provide the fire flow requirement as close to the static pressure as 

possible.  

Individual pressure regulators should be installed on any services that could have pressure 

greater than 80 psi at the meter as recommended in Section 1007(b) of the Uniform Plumbing 

Code.  It is BBCCSD’s policy that customers should install these pressure regulators at their 

own expense.  It is solely the customer’s responsibility to maintain these regulators. 

6.3 Pipeline Design Criteria 

Transmission mains should typically be sized in conjunction with the design of pumping plants 

to deliver MDD.  Reservoir inlet-outlet lines should be designed for MDD+FF or PHD, whichever 

is greater.  Transmission mains should also be sized such that the operating storage of 

reservoirs is replenished during minimum demand periods at night.  Economical pump operation 

is an essential element of system design.  Distribution mains should be sized to provide PHD or 

MDD+FF for the conditions anticipated.  To minimize pumping costs, the maximum velocity in 

distribution pipe systems shall not exceed 5 feet per second (fps) and head loss shall not 

exceed 10 fps under MDD+FF conditions.  

To provide adequate fire flows, the minimum water main pipeline diameter shall be 8 inches 

constructed anywhere in the system, except when system computer modeling proves that a 

6-inch pipeline is adequate. 

6.4 Supply Criteria 

The total water production capacity from the sources of water supply must be capable of 

collectively meeting the MDD with the largest single BBCCSD source out of service.  This 

standby capacity provides system reliability during the worst-case scenario.  Sources of supply 
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should also be sufficient to refill fire and emergency storage within 48 hours under MDD 

conditions with all sources operating. 

6.5 BBCCSD Adopted Storage Criteria 

The principal functions of storage in BBCCSD water system are: 

• To equalize fluctuations in hourly demand so that extreme and rapid variations in 

demands are not imposed on the source of supply 

• To provide water for fire fighting 

• To meet demand during an emergency, such a disruption of the major source of supply 

Operational Storage.  Operational storage is determined by fluctuations in hourly demand during 

peak summer demand periods.  Peak demands in excess of the maximum daily average are 

typically supplied from storage.  Reservoirs are refilled during off-peak hours when demand is 

below the maximum day average.  The volume of operational storage, as an industry standard, 

averages between 20 and 30 percent of MDDs.  As a conservative approach, the recommended 

operational storage for the BBCCSD should equal to 30 percent of MDD for all zones with 

storage. 

Fire Storage.  The water system must be capable of meeting MDD and fire fighting 

requirements simultaneously.  BBCCSD's fire storage criterion was developed based on the 

recommendations of the Insurance Services Office, the County of San Bernardino Fire 

Prevention Office, and the Big Bear City Fire Department.  Section 2 records the acres per 

zoning and land use category and the fire storage requirements observed by this water master 

plan (WMP).   

Emergency Storage.  Emergency storage is required to meet demands during times of planned 

and unplanned equipment outages such as pump breakdown, power failure, and pipeline 

rupture.  Emergency storage is estimated based on the water supply to a pressure zone being 
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out of service for a period of 24 hours under MDD conditions.  This duration is based on a 

review of potential supply sources and their respective outages.  

Equivalent ADD Storage.  Equivalent ADD storage is equivalent to 100 percent of the ADD 

storage requirement for 3 days, not including fire flow requirements.  This criterion provides for 

operational storage for the system for 3 days during an emergency or planed shutdown of 

supply sources, including wells and spring water. 

6.6 Booster Pumping Units 

The existing BBCCSD service demands are met conjunctively by the booster pumping stations, 

reservoirs, and a small number of groundwater sources.  Booster pumping plants should be 

sized to supply the MDD in pump and reservoir systems with the largest pump out of service 

and all groundwater sources turned off.  In addition, the booster pumps and storage should be 

capable of meeting PHD.   

Each pumping station should have a minimum of two pumping units of equal capacity, each 

sized to provide the MDD, so that service will remain uninterrupted in the event that one pump is 

not operational.  Pumping stations, which consist of more than two units, should have adequate 

capacity to meet the MDD with the largest unit out of service.  This criterion provides system 

reliability and flexibility.  

Maintaining high overall pumping plant efficiency is a top priority for the BBCCSD water system.  

Over a 3-year period or sooner, all pumps in the BBCCSD system are to be tested.  Any time a 

pump falls below 65 percent efficiency, analyses of operations shall be performed to examine 

the potential capital improvements to increase efficiency. 

6.7 Pressure-Reducing Stations 

In general, pressure-reducing stations should be provided when needed to supplement 

deliveries to lower pressure zones.  Pressure-reducing stations should also be considered when 

distribution piping is operated near or above the maximum pressure rating of the pipe.  
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Pressure-reducing stations shall be sized to meet PHD or MDD+FF, whichever is greater, within 

the continuous flow rating of the valves.  It is recommended that three valves be installed within 

each pressure-reducing station that is intended to feed a small closed pressure zone.  Two 

smaller valves should be installed that, combined, can provide the MDD.  One larger valve 

should be installed that can provide all flow required in the zone, including fire flow.  

Pressure-reducing stations that are intended to support lower zones from the upper zones 

should be analyzed for their specific tasks and sized appropriately.  Three valves, staggered to 

deliver the required flow and pressure, should be installed in this type of station. 

6.8 Fire Protection 

6.8.1 Minimum Fire Flow for Buildings 

BBCCSD has identified fire flow requirements by zoning and land use category.  These values 

are recorded in Section 2 of this WMP and are based on: 

• The 2001 California Fire Code, Appendix III-A (which is based on 2000 Uniform Fire 

Code and the Uniform Building Code) 

• Discussions with the San Bernardino County Fire Prevention Office 

• Discussions with the Big Bear City Fire Department 

6.8.2 Minimum Fire Hydrant Spacing Requirement 

The three sources listed in Section 6.8.1 were also consulted to determine the following fire 

hydrant spacing requirements.  

• Single family residences and duplexes: Minimum number of 1 fire hydrant with average 

space of 600 feet. 

• All other areas: Minimum number of 4 fire hydrants with average space of 300 feet. 
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• Hydrants should be of approved type and have no less than a 6-inch-diameter 

connection with water mains.  Hydrants should be placed at least 100 feet from the 

protected building and along fire apparatus access roads and drives. 
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7. Existing System Analysis and Proposed Improvements for  
Near-Term and Ultimate Development 

According to the San Bernardino County General Plan, the area in which BBCCSD currently 

serves its customers will experience slow but steady population growth through the year 2030.  

As a result, water demand is anticipated to increase by 45 percent, from a current ADD of 

1,238 ac-ft/yr to an ultimate ADD of 1,796 ac-ft/yr based on the demand projections presented 

in Section 2.  It is essential to compare the future total water demand and the associated water 

supply system capacity requirement with the capacities of the existing supply facilities based on 

the design criteria described in Section 6 so as to set up a step-by-step system improvement 

plan to ensure an adequate water supply system that will meet future demand.  

Analyses are presented for three planning periods: (1) existing (2009), (2) near-term (2014), and 

(3) ultimate (2030).  CIPs are recommended to resolve any deficiencies uncovered through the 

course of the various analyses.  Generally, funding and implementation of any CIPs to resolve 

deficiencies found under existing conditions are assumed to be the responsibility of BBCCSD.  

CIPs for near-term and ultimate conditions are developer driven.   

Groups of CIPs have been assigned letter designations for easier reference, as follows: 

• A – Existing Supply Improvements 

• B – Existing Booster Pump Improvements 

• C – Existing Pipeline Improvements 

• D – Meter Replacement Program 

• E – Near-Term and Ultimate Reservoir Improvements 

• F – Near-Term and Ultimate Booster Pump Improvements 

• G – Near-Term and Ultimate Pipeline Improvements 

There are frequently multiple solutions to any given engineering problem.  The CIPs presented 

in this section were determined to be the best alternatives to the cited deficiencies.  Basically, 

where a deficiency arises due to planned or predicted development that necessitates a new 

pressure zone, independent (gravity) storage alternatives were recommended.  The smaller 
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BBCCSD pressure zones currently share storage with the Rowe Pressure Zone (making them 

dependent) and are supplied via hydropneumatic pump stations that create a false hydraulic 

grade line to meet demands at higher elevations.  However, independent (gravity) storage offers 

greater system redundancy and lower operating costs.  Note that the location and capacity of 

storage affects other facilities, including supply, booster pumps, and distribution pipelines.   

7.1 Analyses of Existing Storage Facilities 

This section considers groundwater production, fluoride blending, fluoride treatment, well pump 

efficiency, and potential contamination issues as a basis for recommending CIPs.   

An analysis of the supply sources determined the adequacy of supply facilities as compared to 

the supply source design criteria defined in Section 6.  BBCCSD currently uses supply from 

gravity slant wells and gravity springs in addition to 12 groundwater production wells (Well 5 is 

inactive and therefore not included in any supply calculations.).  The existing sources provide 

3.74 million gallons per day (mgd) of system capacity when all sources are used at full capacity 

(Table 7-1).   

There are currently plans to replace Well 3 with a new well at the same site, Well 3B.  Pilot well 

testing indicates that Well 3B has high production capability (1,050 gpm) but will also yield high 

fluoride concentrations (up to 7.5 mg/L).  As a result, Well 3B can only be operated at 416 gpm 

to achieve compliance with the fluoride MCL after blending with the existing low-fluoride 

sources.  In 2011, a new well (the Sugarloaf Well) will be in operation at BBLDWP at 300 gpm.  

Negotiations are currently underway to procure sufficient low-fluoride water from this well to 

maximize production from Well 3B.  The data provided in Table 7-1 represent existing well 

production and planned production of the Sugarloaf Well and Well 3B (assuming that Well 3B 

production can be maximized under ultimate conditions).   

As discussed in Section 6, the supply design criteria require successful verification of two 

components.  First, supply sources must be collectively capable of serving the system MDD 

when the largest single source of supply is out of service.  Second, supply sources must be 

capable of refilling fire and emergency storage within 48 hours under MDD conditions with all 
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sources in operation.  An analysis of the existing, near-term, and ultimate supply against the 

design criteria (Table 7-2) indicates that there are no supply deficits for the existing, near-term, 

or ultimate planning periods.   

The supply analysis assumes that existing production remains constant and does not take into 

account decreased well pump efficiency, changes to prevailing contamination levels, or other 

factors that may affect the availability of groundwater.  For this reason, Civiltec recommends 

maximization of Well 3B production.  One alternative is for BBCCSD to continue its pursuit of 

negotiating an agreement with BBLDWP to develop an interdistrict fluoride blending plan with 

mutual benefits to both agencies.  Another alternative is fluoride treatment of water produced at 

Well 3B under ultimate conditions.   

Sections 7.1.1 and 7.1.2 describe blending and treatment options for managing high-fluoride 

production from Well 3B.  The CIPs recommended in these sections have been designated by 

letter as Existing Supply Improvements (A) and prioritized by number.   

7.1.1 Blending 

An analysis was performed on BBCCSD wells that discharge into the Restricted Main for 

fluoride blending.  Table 7-3 lists the average and maximum 2008 fluoride concentration as well 

as the design flow for each of these wells.  In the absence of historical data, the fluoride 

concentration of Well 3B was set at 7.5 mg/L in accordance with a water quality analysis 

conducted in 2000 by P. and Ch. Laboratory. 

Given the current fluoride concentrations and well pump flow rates, a mass balance calculation 

was performed to determine the maximum flow rate at Well 3B to achieve a total fluoride 

concentration of 2.4 mg/L (80 percent of the target MCL of 3.0 mg/L).  Assuming the fluoride 

concentration listed in Table 7-3, the maximum allowable production of Well 3B for the current 

Restricted Main configuration is 416 gpm, which is less than 40 percent of potential productivity 

(280 gpm, assuming maximum fluoride concentrations).   
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If an additional low-fluoride source is introduced into the Restricted Main, Well 3B production 

may be increased.  With all sources in operation, a mass balance calculation shows that 

1,418 gpm of water imported from BBLDWP is required to maximize Well 3B production while 

achieving a fluoride concentration of 2.4 mg/L, assuming average fluoride concentrations for all 

wells (1,722 gpm assuming maximum fluoride concentrations for all wells).  Water quality 

documentation for BBLDWP indicates that production from the Sugarloaf Well has a fluoride 

concentration of 0.12 mg/L.  With proper production management and assuming minimal 

fluctuation of contamination levels, the target range for importing water from BBLDWP to 

maximize Well 3B production should be between 1,418 and 1,722 gpm.  However, this high 

import flow may not be practical.  If continued monitoring of Well 3B reveals a reduction in 

fluoride concentration, then blending is a feasible option.  A maximum fluoride concentration of 

4.4 mg/L at Well 3B would assure a proper blend with the importation of only 300 gpm of low-

fluoride water from the Sugarloaf Well into the Restricted Main. 

An ancillary concern to maximizing well production is the capacity of the Restricted Main.  

Accordingly, the state of the Restricted Main when all wells are in production was analyzed, as 

described below.   

BBCCSD prefers to operate all wells simultaneously during the blending process unless water 

quality monitoring indicates that the fluoride concentration is approaching the MCL.  Since 

Well 8 has come online in 2008, no water quality issues have affected production.  

Generally, excessive pressure in the Restricted Main may result in low well pump efficiency.  To 

assure that the well pumps are not overworked, a maximum pipe velocity of 5 fps is 

recommended.  Figure 7-1 depicts the Restricted Main system with pipeline segments and 

points of well discharge labeled. 

Table 7-4 shows calculated pipe velocity and headloss within the existing Restricted Main with 

all sources in operation and recommends additional parallel pipes to reduce excessive head 

losses due to friction. 
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Capital Improvement Project A.1:  Restricted Main Upgrade  

The following improvements will reduce back pressure due to friction losses in the Restricted 

Main: 

• Install approximately 3,200 feet of new 10-inch pipeline parallel to pipeline segments 2 

and 4.   

• Install approximately 700 feet of new 12-inch pipeline parallel to the pipeline segment 3.   

7.1.2 Treatment 

In 2006, SAE completed a conceptual design of a fluoride treatment facility intended to reduce 

the fluoride concentration of Well 3B production to 1 mg/L (SAE, 2006 [Appendix H]).  The 

conceptual design drew heavily upon the design of an existing plant used by the 29 Palms 

Water District to cope with fluoride contamination of similar magnitude.  Four alternatives were 

presented, differing primarily in the disposal method for backwash.   

Capital Improvement Project A.2:  Fluoride Treatment Plant 

The estimated capital cost of the treatment plant construction is approximately $7 million based 

on the conceptual design detailed in Appendix H.  A later conceptual design estimated the cost 

of the treatment facility at $2 million. 

The well pumps were also analyzed for efficiency.  A minimum efficiency rating was established 

to ensure that the well pumps operate in their most productive condition.  This ensures that 

energy usage is appropriate for the service provided and that wells are able to operate at their 

highest capacity.  Table 7-5 details the booster pumps that currently exhibit less than the 

required efficiency.  The efficiency of Peery Booster 4 is unknown and has been included as a 

precautionary measure.   
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Capital Improvement Project A.3:  Well Pump Rehabilitation 

Improvement to the nine existing well pumps listed in Table 7-5 is warranted to ensure reliability 

of the system for current and future conditions based on their low efficiency ratings.  The priority 

of replacement or maintenance is based on efficiency, with the lowest efficiency having the 

highest priority.  Well pumps should be tested regularly for efficiency.  Whenever the efficiency 

of a well pump falls below 65 percent, it becomes a candidate for rehabilitation. 

Capital Improvement Project A.4:  Well Contamination Study 

Wells 1, 1B, and 2 are among the oldest production facilities in operation at BBCCSD.  Although 

they are still productive and reliable, they do not have sanitary seals and therefore pose a 

potential health hazard.  These wells are tested weekly for bacteria.  A study should be 

conducted to determine the risk of bacterial contamination. 

Capital Improvement Project A.5:  Equip Well 3B  

Figure 7-2 shows the Well 3B wellhead.  This project would equip Well 3B with a pump and 

motor and other minor appurtenances (meter, SCADA control, valves, disinfection equipment, 

discharge pipeline, etc.) as necessary to begin production. 

7.2 Analyses of Existing Storage Facilities  

The principal functions of storage in any water system are (1) to equalize fluctuations in hourly 

demand so that extreme and rapid variations in demands are not imposed on the source of 

supply, (2) to provide water for fire fighting, and (3) to meet demand during an emergency such 

as disruption of the major source of supply. 

The analysis of sufficient storage capacity described here used existing demands.  The design 

criteria in Section 6 specify the system storage required to meet operational demands, fire flow, 

and emergency demands, called the “total required storage,” as follows: 

• Operational Storage: Operational storage is determined by fluctuations in hourly demand 

during peak summer demand periods.  Peak demands in excess of the maximum daily 
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average are typically supplied from storage.  Reservoirs are refilled during off-peak 

hours when demand is below the maximum day average.  The volume of operational 

storage, as an industry standard, averages between 20 and 30 percent of MDD.  For this 

analysis, 30 percent of MDD has been adopted. 

• Fire Storage: The water system must be capable of meeting MDD and fire fighting 

requirements simultaneously.  The fire storage criterion is typically developed based on 

the recommendations of the Insurance Services Office, the County Fire Prevention 

Office, and the Fire Marshal.  For this analysis, pressure zones containing only 

residential zoning were assigned 1,500 gpm for two hours and all other pressure zones 

were assigned 3,000 gpm for three hours. 

• Emergency Storage: Emergency storage is required to meet demands during times of 

planned and unplanned equipment outages such as pump breakdown, power failure, 

and pipeline rupture.  Emergency storage is estimated based on the water supply to a 

pressure zone being out of service for a period of 24 hours under MDD conditions.  

• Equivalent ADD Storage.  Additional design criteria specify that the entire system is 

capable of providing three days of storage under ADD conditions.   

An analysis of the system storage indicates that BBCCSD has sufficient storage for existing 

demand requirements, and no additional storage is currently needed (Table 7-6).  The existing 

tanks are in excellent condition and have recently been painted and equipped with cathodic 

protection to minimize corrosion.   

The design criteria in Section 6 specify that the system has sufficient storage to meet 

operational demands, emergency demands, and fire flow.  Table 7-6 illustrates that the total 

required storage provides a surplus for the system.  Even though Table 7-6 indicates that the 

Rowe, Tanglewood, and Abbot Pressure Zones have a deficit, the total system has a surplus of 

1.57 million gallons.  While the analysis calculates each pressure zone individually, the 

BBCCSD system operates essentially as one zone.  Sufficient gravity storage in each pressure 

zone would provide superior redundancy; however, storage capacity may also be supplied by 
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pumping, provided that adequate emergency power generation is maintained at each booster 

station serving areas without access to gravity storage.  The latter is the case at BBCCSD, 

where the smaller pressure zones are fed by hydropneumatic pump stations.  Therefore, the 

system storage of 6.24 million gallons provides a surplus of 1.57 million gallons to serve the 

demand of 1,238 ac-ft/yr, although only the Rowe Pressure Zone benefits from the 

redundancies associated with gravity storage.  Should BBCCSD wish to construct additional 

gravity storage, the design volume for each pressure zone is indicated in Table 7-6 under the 

column heading “Total Required Storage.”  Gravity storage is recommended for any future 

pressure zones. 

An additional design criterion in Section 6 specifies that the entire system be capable of 

providing three days of storage for the existing demands under ADD conditions.  The intent of 

this design criterion is to provide storage in the system in case of a planned shutdown of well 

production.  Table 7-6 illustrates that shared storage as a whole is deemed feasible at 

5.65 days, meeting the ADD three-day storage criterion.   

7.3 Analyses of Existing Pumping Facilities 

As indicated in Section 6, there are two sets of design criteria for booster pumping stations: one 

set for pressure zones with gravity storage and the other for pressure zones without gravity 

storage.  The Rowe Pressure Zone is in the first category.  The Rowe Booster Pumping Station 

should be sized to supply MDD with the largest pump out of service. 

For the other pressure zones, where gravity storage is not available, the booster pumping 

stations must exceed the greater of either PHD or MDD+FF with the largest pump out of 

service.  However, as indicated in Section 4.2, several booster pumping stations servicing the 

smaller pressure zones are equipped with a fire pump specifically designed to meet the fire flow 

and pressure requirements as mandated by the fire marshal.  These fire pumps have dedicated 

power supplies to deliver fire flow during emergencies.  Therefore, although the design criterion 

in Section 6 requires analysis with the largest pump out of service, the analysis for the BBCCSD 

was conducted with the fire pump online and the largest of the remaining pumps taken out of 

service. 
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When recommending booster pump improvements, the following guidelines help to ensure 

compatibility with existing infrastructure and the potential to meet system requirements through 

the practical lifetime of the equipment:   

• If no pressure zone reconfiguration is anticipated through the practical lifetime of the 

recommended equipment, calculate MDD using demands for ultimate conditions. 

• If an existing fire pump is found to be deficient, recommend replacement with a 

sufficiently sized pump rather than an additional pump. 

• Pumps of similar size work more efficiently in tandem.  When recommending a new 

pump other than a fire pump, choose a size similar to an existing pump at the same 

booster station. 

Table 7-7 summarizes the data used in the analysis, including whether they represent design 

data or results from pump efficiency tests.  The term “design flow” refers to the target flow the 

pump was intended to deliver.  The term “actual flow” refers to the test flow recorded during the 

latest pump efficiency test.  Design flow tends to be more conservative than actual flow; 

however, such data were not available for all booster pumps. 

An analysis of the system booster pumps using existing demands indicates that the Rowe and 

Peery Pressure Zones have sufficient booster pumping capacity, while all other pressure zones 

are deficient due to fire flow requirements.  Table 7-6 delineates this analysis by pressure zone.  

The maximum flow per pressure zone is the summation of pump capacities provided in 

Table 7-7 minus the largest pump (excluding fire pumps for the smaller pressure zones).   

For the Rowe Pressure Zone, MDD is calculated as 2.0 times the ADD as indicated in 

Section 2.  For the smaller pressure zones, the greater of MDD+FF and PHD (4.0 times ADD 

[Section 2]) was used.  In every case concerning the smaller pressure zones, the MDD+FF was 

greater (Table 7-8).  A surplus or deficit was calculated as the difference between required and 

available flow.   
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For existing demands, Table 7-8 demonstrates that the Hicks, Abbott, and Greenspot Booster 

Stations are significantly deficient in capacity.  The Tanglewood Booster Station shows a minor 

deficiency.  The Abbott and Tanglewood deficiencies were addressed in conjunction with the 

establishment of the Cohila Pressure Zone (Section 7.6).  To solve the Hicks and Greenspot 

deficiencies, replacement of or addition to existing booster pumps with sufficiently sized new 

booster pumps is recommended.   

The following CIPs are recommended improvements to booster pumping facilities that will solve 

the most critical deficiencies.  Projects have been designated by letter as Existing Booster 

Pump Improvements (B) and prioritized by number.   

Capital Improvement Project B.1:  Hicks Booster 2A 

Replace existing Hicks Booster 2 with a new 1,300-gpm fire pump. 

Capital Improvement Project B.2:  Hicks Booster 3A 

Install a new 250-gpm booster pump at the Hicks Booster Station. 

Capital Improvement Project B.3:  Greenspot Boosters 

According to BBCCSD staff, the Greenspot Booster Station is in poor condition.  Accordingly, all 

three existing pumps are to be replaced.  Replace existing Greenspot Boosters 1 and 2 with 

new 240-gpm booster pumps.  Replace existing Greenspot Booster 3 with a new 1,500-gpm fire 

pump. 

Capital Improvement Project B.4: Booster Pump Rehabilitation 

The booster pumps have also been analyzed for efficiency.  A minimum efficiency rating was 

established to ensure that the booster pumps operate in their most productive condition.  This 

ensures that energy usage is appropriate for the service provided and that booster stations are 

able to operate at their highest capacity.  The design criterion in Section 6 states that pumps 

should maintain a minimum 65 percent overall efficiency.  As detailed in Table 7-9, all the 

booster pumps currently exhibit less than the required efficiency.  The efficiency of Peery 

Booster 4 is unknown and has been included as a precautionary measure.   
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Although Tanglewood Boosters 1, 2 and 3 have the lowest efficiency ratings, their rehabilitation 

priority is low due to minimal usage.  Furthermore, establishment of the Cohila Pressure Zone 

as a developer-driven project will render the Tanglewood Booster Station obsolete (Section 7.6).  

Greenspot Booster 3 is recommended for replacement as part of CIP B.3.  Extensive 

maintenance to this pump may not be warranted prior to replacement, provided it is in working 

order.  Improvement to the other six pumps listed in Table 7-9 is warranted to ensure system 

reliability for current and future conditions based on their low efficiency ratings.  The priority of 

replacement or maintenance is based on efficiency, with the lowest efficiency having the highest 

priority for replacement.    

Booster pumps should be tested regularly for efficiency.  Whenever the efficiency of a booster 

pump falls below 65 percent, it becomes a candidate for rehabilitation. 

7.4 Analyses of Existing Pipeline Facilities  

Recommendations for pipeline improvements represent the compilation of multiple analyses 

and observations as described below. 

An analysis of pipeline deficiencies was performed using the water model to determine where 

improvements need to be made on a hydraulic basis.  Among other things, the water model 

analyzed the impact of drawing fire flow from any hydrant represented in the database with 

respect to the design criteria established in Section 6.  Through this effort, initial CIPs were 

recommended (Section 5) to improve pipeline reliability and efficiency while maintaining the 

system within the design criteria.  The initial CIPs presented in Section 5 provide solutions to all 

hydraulic deficiencies uncovered during the water modeling process.  However, based on needs 

of the BBCCSD that extend beyond hydraulics and additional information, the CIPs presented in 

this section include refinements based on the following additional information: 

• A hydrant spacing analysis (Figure 7-3) was performed to determine compliance with the 

San Bernardino County Fire Code.  CIPs were recommended to ensure proper hydrant 

spacing and appropriate infrastructure to service those hydrant locations.  The BBCCSD 

includes 426 existing hydrants, and installation of 30 additional hydrants is 
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recommended.  These hydrant recommendations are either incorporated into related 

pipeline CIPs or listed by location as detailed in this section and in Section 7.9. 

• Other hydraulic issues observed through examination of the BBCCSD base map were 

also included in the development of CIPs. 

− Isolated fire hydrants on undersized mains are assumed to have met the San 

Bernardino County Fire Marshal’s requirements for fire flow and residual pressure at 

the time of installation and have been “grandfathered in” as sufficient pending future 

development.  Recommendations to provide current fire flow standards to such fire 

hydrants have been identified as developer-driven projects. 

− BBCCSD has taken great strides at implementing and maintaining a strong and 

comprehensive main line pipeline system.  Enhancements were recommended to the 

main line pipeline system that close significant loops and extend service to more 

distant areas. 

Based on these analyses and observations, along with those presented in Section 5, pipeline 

improvements were recommended and grouped into projects based on proximity.  The pipeline 

projects were arranged in order of priority based on the number and magnitude of deficiencies 

resolved.  The following recommended improvements to pipeline facilities will solve the most 

critical deficiencies.  Included in each CIP is a justification for the project and a description of the 

improvements necessary to meet design criteria or other criteria as indicated.  Projects have 

been designated by letter as Existing Pipeline Improvements (C) and prioritized by number.  

Each project has also been assigned a name to help describe its location.  

Capital Improvement Project C.1: State Lane (Appendix I, Figure CIP.1C) 

Justification.  The water model returned 17 pressure deficiencies throughout the southwest 

portion of the Rowe Pressure Zone downstream of the existing 8-inch main in State Lane 

between Lakewood Drive and Willow Lane (Appendix G, IDM CIP #1).  This pipe segment acts 

as a bottleneck.  Future development to the east in the vicinity of State Lane requires a strong 

main line pipeline system in this corridor.  Creating a loop between Lakewood Drive and Willow 

P:\_WR08-064\MasterPln-Fnl.1-10\BBCCSD-MstrPln_112.doc 7-12 



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Lane will improve low residual pressures and high pipe velocities as well as promote 

development in the area immediately south of State Lane, which is designated as medium-

density single-family residential (RS-20M [Table 2-1]).  This area has been identified for 

projected ultimate development as Area 13 in Figure 2-4. 

Recommended Improvements.  Install a new parallel 10-inch main in State Lane between 

Willow Lane and Cypress Lane.  Provide jumpers between the parallel pipes at Fir Lane and 

Hemlock Lane to provide adequate flow to the hydrants at those locations.  Install a new 10-inch 

main in the extension of Cedarpine Lane between Hatchery Drive and Willow Lane (if the 

extension of Cedarpine Lane proves to be infeasible, installation of a parallel 10-inch main in 

State Lane between Hatchery Drive and Willow Lane will satisfy the hydraulic requirements of 

this CIP). 

Capital Improvement Project C.2:  Michael Avenue (Appendix I, Figure CIP.2C) 

Justification.  The water model returned pressure and velocity deficiencies at 5 junctions in 

Pioneer Lane and Michael Avenue (Appendix G, IDM CIP #17).  The hydrant spacing analysis 

indicates that additional hydrants are required at the intersection of Nana Avenue and Curly 

Drive and the intersection of Tiger Lily Drive and Tinker Bell Avenue.  The current infrastructure 

cannot meet velocity design criteria at these locations.  Numerous pipes in the vicinity are 2-inch 

steel pipes, which are recommended to be phased out due to age and condition issues.   

Recommended Improvements.  Replace the following existing mains with new 8-inch mains:  

• Michael Avenue between Pioneer Lane and North Shore Drive 

• Sequoia Avenue between Pioneer Lane and North Shore Drive 

• Anita Avenue between Pioneer Lane and North Shore Drive 

• Nana Avenue between Pioneer Lane and Cinderella Drive 

• Peter Avenue between Cinderella Drive and North Shore Drive 

• Tiger Lily Drive between Wendy Avenue and Peter Avenue 

• Cinderella Drive between Nana Avenue and Michael Drive   
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Install new hydrants at the intersection of Nana Avenue and Curly Drive and the intersection of 

Tiger Lily Drive and Tinker Bell Avenue   

Capital Improvement Project C.3:  Cinderella Drive (Appendix I, Figure CIP.3C) 

Justification.  The water model returned eight velocity deficiencies in the south side of North 

Shore Drive between Sequoia Avenue and Paradise Way and in Cinderella Drive between 

Sequoia Avenue and Hugo Lane (Appendix G, IDM CIP #27).  The hydrant spacing analysis 

indicates that an additional hydrant is required mid-block in Tiger Lily Drive between Hugo Lane 

and Pan Springs Lane.   

Recommended Improvements.  Install a new 8-inch jumper across North Shore Drive at 

Sequoia Avenue.  Replace the following existing mains with new 8-inch mains: 

• Sequoia Avenue between North Shore Drive and Cinderella Drive 

• Cinderella Drive between Sequoia Avenue and Hugo Lane 

• Tiger Lily Drive between Hugo Lane and Paradise Way 

• Hugo Lane between Tiger Lily Drive and Cinderella Drive 

Install a new jumper across North Shore Drive at Hugo Lane.  Install a new hydrant mid-block in 

Tiger Lily Drive between Hugo Lane and Pan Springs Lane.   

Capital Improvement Project C.4:  Greenway Drive (Appendix I, Figure CIP.4C) 

Justification.  In accordance with the requirements of the Fire Marshal, hydrant spacing in a 

multi-family zone shall be 300 feet on center.  The existing pipeline in Greenway Drive between 

North Shore Drive and Meadow Drive is undersized to deliver the required fire flow of 

3,000 gpm to this multi-family zone. 

Recommended Improvements.  Replace the existing main in Greenway Drive between North 

Shore Drive and Meadow Drive with a new 12-inch main.  Install hydrants at the intersection of 

Greenway Drive and Coy Lane, at the intersection of Greenway Drive and North Shore Drive, at 

1041 Greenway Drive, and at 1021 Greenway Drive. 
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Capital Improvement Project C.5:  Fern Lane (Appendix I, Figure CIP.5C) 

Justification.  The water model returned multiple pressure and velocity deficiencies throughout 

the eastern portion of the Greenspot Pressure Zone (Appendix G, IDM CIP Nos. 5, 14, 25).  

These deficiencies are caused by a bottleneck in Glencove Drive. 

Recommended Improvements.  Install a new 8-inch main in Fern Lane between Hatchery Drive 

and E Lane to create a loop.  Install a new 8-inch jumper between the existing parallel 8-inch 

main and 4-inch main in Willow Lane in the vicinity of the hydrant at the intersection of Tuplin 

Lane and Willow Lane.   

Capital Improvement Project C.6:  Division Drive (Appendix I, Figure CIP.6C) 

Justification.  The water model returned pressure and velocity deficiencies at 15 junctions in the 

southwest corner of the service area bounded by West Big Bear Boulevard, Sugarloaf 

Boulevard, Division Drive, and Pineview Drive (Appendix G, IDM CIP #15).  Pipes in this area 

are generally undersized to deliver fire flow.  By observation, there are hydrants on 4-inch mains 

in Sugarloaf Boulevard, Robinhood Boulevard, and West Big Bear Boulevard that cannot meet 

pipe velocity design criteria.  The hydrant spacing analysis indicates that additional hydrants are 

required at the intersection of Division Drive and Robinhood Boulevard and the intersection of 

Holcomb View Drive and West Big Bear Boulevard.   

Recommended Improvements.  Replace the following existing mains with new 8-inch mains:  

• Division Drive between West Big Bear Boulevard and Sugarloaf Boulevard 

• Sugarloaf Boulevard between Division Drive and Pineview Drive 

• Robinhood Boulevard between Division Drive and Gildart Drive 

Install new 8-inch mains in:  

• Gildart Drive between Robinhood Boulevard and Rainbow Boulevard   

• Hillen Dale Drive between West Big Bear Boulevard and Rainbow Boulevard   
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• Holcomb View Drive between West Big Bear Boulevard and Sugarloaf Boulevard   

Install new hydrants at the intersection of Division Drive and Robinhood Boulevard and at the 

intersection of Holcomb View Drive and West Big Bear Boulevard. 

Capital Improvement Project C.7:  Maltby Boulevard (Appendix I, Figure CIP.7C) 

Justification.  The water model returned five velocity and pressure deficiencies in the vicinity of 

Maltby Boulevard and Shore Drive (Appendix G, IDM CIP #19).  By observation, there are 

hydrants on the 4-inch main in Maltby Boulevard that cannot meet velocity design criteria.  The 

hydrant spacing analysis indicates that additional hydrants are required at the intersection of 

Maltby Boulevard and Shore Drive, the intersection of Pintail Drive and Elysian Boulevard, and 

mid-block in Meadow Lane between Bluebill Drive and Shore Drive.   

Recommended Improvements.  Replace the existing mains in Maltby Boulevard between 

Bluebill Drive and Shore Drive and in Meadow Lane between Bluebill Drive and Shore Drive 

with new 8-inch mains.  Extend the 8-inch main in Bluebill Drive between Elysian Boulevard and 

Maltby Boulevard parallel to the existing Restricted Main with a new 8-inch main.  Extend the 

8-inch main in Widgeon Drive between Elysian Boulevard and Maltby Boulevard with a new 8-

inch main.  Install new hydrants at the corner of Maltby Boulevard and Shore Drive, the 

intersection of Pintail Drive and Elysian Boulevard, and mid-block in Meadow Lane between 

Bluebill Drive and Shore Drive.   

Capital Improvement Project C.8:  Barrett Way (Appendix I, Figure CIP.8C) 

Justification.  The water model returned five pressure and velocity deficiencies in the vicinity of 

Irving Way and Berhardt Lane (Appendix G, IDM CIP #16).  The hydrant spacing analysis 

indicates that an additional hydrant is required at the intersection of Shakespeare Lane and 

Barrett Way.  By observation, there is a hydrant on the 4-inch main at the intersection of Garrick 

Way and Shakespeare Lane that cannot meet velocity design criteria. 

Recommended Improvements.  Replace the following existing mains with new 8-inch mains:  

• Berhardt Lane between Big Bear Boulevard and Barrett Way 
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• Irving Way between Bernhardt Lane and the hydrant east of Bernhardt Lane  

• Barrett Lane between Big Bear Boulevard and the hydrant east of Berhardt Lane  

• Garrick Way between Paradise Way and Shakespeare Lane 

Install a new 8-inch main in Shakespeare Lane between Garrick Way and Barrett Way.  Install a 

new hydrant at the intersection of Shakespeare Lane and Barrett Way.   

Capital Improvement Project C.9:  Mountain View Boulevard (Appendix I, Figure CIP.9C) 

Justification.  The water model returned pressure and velocity deficiencies in the vicinity of 

Mountain View Boulevard and Mt. Doble Drive (Appendix G, IDM CIP #21). 

Recommended Improvements.  Replace the existing main in Mountain View Boulevard between 

Paradise Way and Mt. Doble Drive with a new 8-inch main.  Replace the existing main in Mt. 

Doble Drive between Mountain View Boulevard and Barker Boulevard with a new 8-inch main. 

Capital Improvement Project C.10:  2-inch Steel Pipe Replacement 

The BBCCSD distribution system contains a number of 2-inch steel pipelines.  These pipelines 

are among the oldest in the system.  Pipe leaks, pipe breaks, and customer complaints about 

insufficient pressure can be linked directly to the low capacity, age, and condition of these 

pipelines.  Table 7-10 lists alignments containing existing 2-inch pipelines totaling approximately 

25,410 linear feet.  The hydrant spacing analysis indicates that five of the alignments require 

additional hydrants.  Also, two alignments run along back fence lines.  These should be 

abandoned and services reconnected to new service mains in adjacent rights of way.   

There is no urgency to initiate replacement of 2-inch steel pipes from a hydraulics point of view 

with the possible exception of improving hydrant spacing.  However, BBCCSD must remain 

aware that any existing 2-inch mains are at risk and should be accounted for in improvement 

planning.  Replace the alignments listed in Table 7-10 as needed.   
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7.5 Meter Replacement 

Meters are mechanical devices and therefore require regular maintenance to ensure that they 

are functioning correctly.  Two general types of meters are used by BBCCSD: 

• Meters on customers’ service connections 

• Meters on production facilities 

Water meters that are not maintained may measure more or less than the actual flow, so it is 

important to maintain meters regularly to ensure proper billing.  Water loss has been steadily 

increasing at BBCCSD.  A portion of water loss can be attributed directly to meter inaccuracy.  

Because accurately functioning meters assure that customers are being charged for the water 

they use, a meter maintenance program may increase the amount of revenue generated at 

BBCCSD.  Such a program would likely pay for itself as a result of increased revenue. 

It is recommended that BBCCSD initiate a meter maintenance program to evaluate its meters 

on a regular basis.  The maintenance schedule depends on the type and size of the meter, the 

volume of use, the water quality, and the meter maintenance history.  As the number of meters 

that are found to be reading accurately increases, the maintenance frequency can be reduced. 

It is recommended that BBCCSD institute a meter replacement program with the goal of 

replacing all meters greater than 20 years old with new meters equipped with an automated 

meter reading (AMR) device.  An AMR system would assist the BBCCSD in detecting leaks on 

the customer's side of the meter and would streamline billing data collection. 

Typical costs associated with meter replacement are unit costs for the meter and AMR 

transmitter, meter installation, and an initial software setup cost.  Prices for the options that 

follow reflect typical ⅝-inch and ¾-inch residential meters, which comprise about 97 percent of 

the meters serviced by BBCCSD.  Three alternatives for replacement meters are recommended 

for consideration: 
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• Alternative 1:  Severn Trent SmartMeter 

− Meter: unit cost of $120 

− AMR: unit cost of $70 

− Union installation fee: $90 

− Setup costs for drive-by reading hardware and software: $18,000 

Total estimated cost to replace 7,000 meters is about $1.98 million. 

• Alternative 2:  The B.E.S.T. Meter Company of West Covina, California prepared an 

estimate for installation of their Master Meter Fixed Network System tailored to the 

specific needs of BBCCSD.  Depending on the specific options and redundancies 

preferred by BBCCSD, the total estimated cost ranges from $2.31 million to $2.47 

million.   

• Alternative 3:  Aclara Star Fixed Network metering system 

− Meter:  unit cost of $112 

− AMR:  unit cost of $118 

− Union installation fee:  $90 

− Setup costs for fixed network hardware and software: $35,000 

Total estimated cost to replace 7,000 meters is about $2.28 million. 

Capital Improvement Project D:  Meter Replacement Program 

Replace meters by route over a predetermined period with a fixed network.  See Appendix J 

regarding estimates for B.E.S.T. Meter and Aclara Fixed Network systems. 

7.6 Cohila Pressure Zone 

As discussed at the beginning of Section 7, gravity storage for new pressure zones will be 

assumed for developer-driven CIPs.  One such opportunity has the potential to solve numerous 

interrelated deficiencies and requirements across all three planning periods.  The Cohila 

Pressure Zone (Figure 7-4), named after Camp Cohila south of the terminus of Hillen Dale 

Drive, combines two small pressure zones, portions of the Rowe Pressure Zone, one near-term 
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development, and one ultimate development to be served by common booster pumping and 

storage facilities.  These areas are: 

• Abbott Pressure Zone (existing) 

• Tanglewood Pressure Zone (existing) 

• Saw Mill Creek Estates (near-term [Table 2-10]) 

• Area 12 (Hillen Dale) (ultimate [Table 2-11]) 

• Portions of Rowe Pressure Zone: 

− South of and including Mountain Lane between Hillen Dale Drive and Pineview Drive 

− Pineview Drive between Mountain Lane and Sugarloaf Boulevard 

− South of and including Rainbow Boulevard between Big Tree Drive and Saw Mill 

Drive 

− South of and including Aeroplane Boulevard between Saw Mill Drive and Kean Way 

− Kean Way between Aeroplane Boulevard and Bernhardt Lane 

− Bernhardt Lane between Kean Way and Booth Way 

− Booth Way between Shakespeare Lane and Adams Drive 

The concept for the Cohila Pressure Zone is to plan required developer-driven improvements in 

a way that benefits future and existing customers while providing superior redundancy and 

lower operating costs.  Figure 7-4 shows the general vicinity and potential extent of the Cohila 

Pressure Zone.  The area in question lies to the south of the Rowe Pressure Zone between 

Division Drive and Shore Drive.  Rather than trying to resolve deficiencies and anticipated new 

requirements on an individual basis, combining the areas detailed above into a single pressure 

zone will reduce the overall storage and booster pumping needs while raising deficient residual 

pressures in several areas.  The Cohila Pressure Zone will have the following parameters and 

consist of the following components: 
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7.6.1 Calculations 

7.6.1.1 Storage 

Design criteria require adequate fire storage, operational storage, and emergency storage in 

each pressure zone in accordance with the following guidelines: 

• Fire storage: 1,500 gpm for two hours (for residential areas) 

• Operational storage:  30 percent of one day at MDD 

• Emergency storage:  one day at MDD 

As shown in Table 7-11, the MDD for the combined areas is 494,671 gallons per day (gpd). 

The storage (S) required for the new zone configuration is approximately 1.0 million gallons: 
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7.6.1.2 Booster Pumping 

Design criteria require sufficient capacity to supply the MDD with the largest pump out of 

service.  MDD for the new zone configuration (Q) is approximately 400 gpm: 
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7.6.1.3 System Pressure 

Design criteria suggest a normal system pressure range between 40 and 120 psi.  Assuming 

that an elevated tank provides pressure to the new zone, the tank level may vary from 0 to 30 

feet above the base elevation.  A maximum elevation differential within the new pressure zone 

of approximately 150 feet will meet these design criteria: 
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Where ΔZ = elevation differential 

 ΔP = pressure differential 
 γw = density of water 
 ΔD = tank depth differential 

By observation, the lowest elevation in the new pressure zone is approximately 6,800 feet 

above mean sea level (msl).  Therefore, the highest elevation to be included in this new 

pressure zone should be limited to 6,950 feet msl: 

 feetfeetfeetZZZ lowhigh 950,6150800,6 =+=Δ+=  

Where Z = elevation above mean sea level 

The elevation of the base of the tank should be sufficiently high to provide 40 psi at the highest 

service elevation within the zone.  The base elevation of the tank is calculated at approximately 

7,045 feet msl: 
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Where Pmin = minimum pressure 

7.6.1.4 Summary 

Based on the calculations detailed in Sections 7.6.1.1 through 7.6.1.3, the conceptual design for 

the Cohila Pressure Zone includes: 

• Two storage tanks with a combined capacity of 1.0 million gallons are to be located at an 

elevation of approximately 7,045 feet msl in the vicinity of Saw Mill Creek Estates. 
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• Three booster pumps (each capable of supplying 200 gpm at 135 feet of head) are to be 

located at the site of the Abbott Booster Station, the Tanglewood Booster Station, or a 

site to be determined by the developer.  The Tanglewood Booster Station site is 

preferable due to the existing 12-inch intake pipeline.  The other two sites would require 

an intake pipeline upgrade to accommodate the increase in flow due to the demands 

posed by the entirety of the Cohila Pressure Zone.  It may be possible to continue to use 

the existing Abbott and Tanglewood Boosters to serve the Cohila Pressure Zone; 

however, it is unlikely that these pumps will be able to operate efficiently or provide 

adequate head.  Abbott Booster 3 and Tanglewood Booster 3 will no longer be required 

to supply fire flow.  The hydropneumatic tanks will no longer be required to dampen 

localized pressure fluctuations. 

• A pressure zone boundary reconfiguration will provide adequate looping and connectivity 

among the areas to be incorporated.  The reconfiguration will include new valve 

positions, jumpers, and additional pipelines to improve looping. 

• Service connections presently served by the Rowe Pressure Zone that will be 

reconfigured as part of the Cohila Pressure Zone will experience a pressure increase of 

approximately 50 psi.  This pressure change may increase the risk of failure of various 

fixtures and laterals at the service connections.  Care has been taken to minimize the 

number of affected service connections; however, in the interest of improving residual 

pressure deficiencies and promoting greater system redundancy, a number of service 

connections may require an individual PRV to reduce pressure between the main and 

the residence.  Similarly, service connections in the existing Abbott Pressure Zone will 

experience an increase of approximately 30 psi, and service connections in the existing 

Tanglewood Pressure Zone will experience an increase of approximately 20 psi.  As 

discussed in Section 6.2, individual pressure regulators should be installed and 

maintained by the customer. 

• The upper elevation limit for service connections within the Cohila Pressure Zone is 

6,950 feet msl.  The tracts identified as the near-term development of Saw Mill Creek 

Estates range in elevation from approximately 6,820 to 7,100 feet msl.  Construction of 
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infrastructure to provide service to connections at elevations higher than 6,950 feet msl 

is the responsibility of the developer and is not included in this analysis.  It is 

recommended that a hydraulic analysis of such infrastructure be conducted when the 

extent of the Saw Mill Creek Estates development is known.   

7.6.2 Benefits 

Elevated storage provides superior redundancy under emergency conditions.  With elevated 

storage in place, fire flow would be supplied by gravity rather than by pumping.  In the event of a 

catastrophic failure of supply or transmission due to an earthquake or other disaster, gravity 

storage will allow the Cohila Pressure Zone to operate independently of the rest of the BBCCSD 

system until affected elements are repaired or restored. 

Improvements in the Cohila Pressure Zone would be largely developer driven.  The near-term 

development of Sawmill Creek Estates, the ultimate development of Area 12 (Hillen Dale), and 

any further development in the vicinities of the Tanglewood and Abbott Pressure Zones would 

benefit directly from the establishment of the Cohila Pressure Zone.   

By specifying multiple tanks and booster pumps, improvements may be staged over several 

years.  One tank and two booster pumps will be sufficient for existing and near-term 

requirements, with additional improvements to be phased in only when demands warrant them.   

7.6.3 Phasing 

Establishment of the Cohila Pressure Zone will take place in two phases that coincide with 

development of Saw Mill Creek Estates and Area 12 (Hillen Dale), respectively.  Phase 1 

combines the Abbott and Tanglewood Pressure Zones, the Saw Mill Creek Estates 

development, and portions of the Rowe Pressure Zone between Adams Drive and Big Tree 

Drive.  Phase 2 connects the Area 12 (Hillen Dale) development and a portion of the Rowe 

Pressure Zone north of Mountain Lane to the rest of the Cohila Pressure Zone.   
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Analyses of near-term facilities (Sections 7.7 through 7.9) assume that Phase 1 of the Cohila 

Pressure Zone has been adopted.  Analyses of ultimate facilities (Sections 7.10 through 7.12) 

assume that Phase 2 of the Cohila Pressure Zone has been adopted.   

7.6.3.1 Cohila Pressure Zone Phase 1 

The costs for Phase 1 will be borne jointly by the developer of Saw Mill Creek Estates and 

BBCCSD.  The developer will be responsible for 64 percent of the off-site costs, which 

represents 60 percent of the storage tank costs, half of the booster station costs, and all of the 

costs for the new transmission mains required to bring adequate supply to the area.  BBCCSD 

will be responsible for 36 percent of the costs, which represents 40 percent of the storage tank 

costs, half of the booster station cost, and all of the costs for the pipelines required to 

reconfigure the Abbott and Tanglewood Pressure Zones.   

Tasks to be completed during Phase 1 include: 

• Construct a 0.6 million-gallon cylindrical steel reservoir (59-foot diameter and 32-foot 

depth) with a base elevation of 7,045 feet msl. 

• Equip the Tanglewood Booster Station with two pumps, each with a capacity of 200 gpm 

at 135 feet of head. 

• Install pipelines as indicated in Appendix I, Figure CIP.1G: 

− Replace existing 4-inch pipeline in Booth Way between Adams Drive and Bluebill 

Drive with new 8-inch pipeline. 

− Replace existing 4-inch pipeline in Booth Way between Sheridan Drive and 

Bernhardt Lane with new 8-inch pipeline. 

− Parallel existing 4-inch pipeline in Bernhardt Lane between Booth Way and Garrick 

Way with new 8-inch pipeline. 

− Parallel existing 4-inch pipeline in Garrick Way between Bernhardt Lane and Kean 

Way with new 8-inch pipeline. 
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− Replace existing 4-inch pipeline in Aeroplane Boulevard between Sawmill Drive and 

Paradise Way with new 8-inch pipeline. 

− Replace existing 4-inch pipeline in Rainbow Boulevard between Big Tree Drive and 

Sawmill Drive with new 8-inch pipeline. 

− Parallel existing 4-inch pipeline in Big Tree Drive between Rainbow Boulevard and 

Sugarloaf Boulevard with new 8-inch pipeline. 

− Replace existing 2-inch and 4-inch pipeline in Sherwood Boulevard between Sawmill 

Drive and Paradise Way with new 12-inch pipeline. 

− Replace existing 4-inch pipeline in Paradise Way between Sherwood Boulevard and 

East Big Bear Boulevard with new 12-inch pipeline. 

− Install sufficient piping to connect reservoir to southern terminus of Woodbridge Drive 

and either Sawmill Drive or Gold Mountain Drive. 

• Reposition valves.  Existing gate valves that will be repositioned to remain closed 

normally, to serve as the boundary between the Rowe and Cohila Pressure Zones, are 

indicated in Appendix I, Figure CIP.1G.  The following existing gate valves will be 

repositioned as normally open to promote connectivity within the Cohila Pressure Zone: 

− All valves at the intersection of Adams Drive and Barrymore Road 

− All valves at 512 Marlowe Drive 

− All valves at 532 Bernhardt Lane 

− All valves at the intersection of Kean Way and Beaumont Lane 

− All valves at the intersection of Rainbow Boulevard and Starr Drive 

• Reconnect or install fire hydrants as indicated in Appendix I, Figure CIP.1G. 

• Install PRVs on service connections as required.  In addition to service connections on 

new pipelines listed above, service connections on the following streets will experience 

an increase in pressure of approximately 50 psi and may require individual PRVs to 

reduce pressure at the residence.   
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− Booth Way between Bluebill Drive and Sheridan Drive 

− Marlowe Drive 

− Sheridan Drive 

− Bernhardt Lane south of Garrick Way 

− Kean Way 

− Shakespeare Lane 

− Rainbow Boulevard east of Sawmill Drive 

− Deerhorn Drive 

− Sawmill Drive south of Aeroplane Boulevard 

− Hilltop Lane 

− Sugarloaf Boulevard east of Big Tree Drive 

The cost of PRV installations on service connections is assumed to be borne by the 

affected customers and was not included as an existing or near-term cost. 

7.6.3.2 Cohila Pressure Zone Phase 2 

The costs for Phase 2 will be borne entirely by the developer of Area 12 (Hillen Dale).  Tasks to 

be completed during this phase include: 

• Construct a 0.4-million-gallon cylindrical steel reservoir (48-foot diameter and 32-foot 

depth) with a base elevation of 7,045 feet msl. 

• Equip the Tanglewood Booster Station with an additional pump with a capacity of 

200 gpm at 135 feet of head. 

• Install pipelines as indicated in Appendix I, Figure CIP.2G: 

− Parallel existing 4-inch and 6-inch pipeline in Sugarloaf Boulevard between Big Tree 

Drive and Pineview Drive with new 12-inch pipeline.  Install a new hydrant at Dawn 

Drive. 
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− Parallel existing 8-inch pipeline in Pineview between Sugarloaf Boulevard and 

Mountain Lane with new 8-inch pipeline.   

− Install new 8-inch pipeline in Mountain Lane between Hillen Dale Drive and the end 

of the existing 6-inch pipeline to close the loop. 

− Install sufficient piping to connect reservoir to either the southern terminus of Hillen 

Dale Drive or the intersection of Raleigh Drive and Salem Drive. 

• Reposition valves.  Existing gate valves that will be repositioned to remain normally 

closed, to serve as the boundary between the Rowe and Cohila Pressure Zones, are 

indicated in Appendix I, Figure CIP.2G.   

• Reconnect or install fire hydrants as indicated in Appendix I, Figure CIP.2G. 

• Install PRVs on service connections as required.  Service connections on the following 

streets will experience an increase in pressure of approximately 50 psi and may require 

individual PRVs to reduce pressure at the residence.   

− Mountain Lane 

− Salem Drive 

− Kingston Lane 

− Eton Lane 

− Pineview Drive south of Mountain Lane 

− Bedford Court 

− Wesley Court 

− Hillen Dale Drive south of Mountain Lane 

− London Lane 

− Dorset Drive 

− Belmont Drive 

− Raleigh Drive 
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The cost of PRV installations on service connections is assumed to be borne by the 

affected customers and was not included as an existing or near-term cost. 

7.7 Analysis of Near-Term Storage Facilities 

The analysis of sufficient storage capacity is described here using near-term demands.  The 

design criteria in Section 6 specify the system storage required to meet operational demands, 

emergency demands, and fire flow (total required storage).  Additional design criteria specify 

that the entire system is capable of providing three days of storage under ADD conditions 

(equivalent ADD three-day storage requirement).  Section 7.1 defines storage terminology and 

explains the storage calculations. 

The most significant change to near-term conditions is the Saw Mill Creek Estates development 

(Table 2-10).  As stated in Section 7.2, gravity storage is recommended for any future pressure 

zones.  The analysis that follows assumes that the Greenspot, Hicks, and Peery Pressure 

Zones will continue to be supplied by hydropneumatic pumping facilities that are dependent on 

storage in the Rowe Pressure Zone, and that gravity storage will be constructed as detailed in 

Section 7.6 to serve the Saw Mill Creek Estates development and adjacent areas as the Cohila 

Pressure Zone Phase 1 project.   

Using near-term demands, the analysis of system storage presented in Table 7-12 indicates 

that BBCCSD has sufficient storage and that the system also meets the equivalent ADD three-

day storage requirement, assuming that the Cohila Pressure Zone Phase 1 project is 

completed.   

Capital Improvement Project E.1:  Cohila Reservoir 1 

The storage provision of the Cohila Pressure Zone Phase 1 project consists of construction of 

one 600,000-gallon reservoir within the Saw Mill Creek Estimates boundary at an elevation of 

7,045 feet msl.  Preliminary planning calculations indicate that a 600,000-gallon cylindrical steel 

tank will have a depth of 32 feet and a diameter of 59 feet (the depth includes 2 feet of 

freeboard).  A reservoir siting investigation must be performed by the developer in order to plan 

the implementation of any additional necessary improvements.  The site must be sufficiently 
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large to accommodate one 59-foot-diameter cylindrical steel tank and one 48-foot-diameter 

cylindrical steel tank with adequate access for maintenance vehicles and personnel.  The 

second tank will be installed at a later date as part of the Cohila Pressure Zone Phase 2 project. 

No additional storage is required beyond Cohila Reservoir 1 to meet near-term requirements.  

As shown in Table 7-12, the system storage of 6.84 million gallons provides a surplus of 

2.18 million gallons to serve the demand of 1,309 ac-ft/yr.  Shared storage within the system as 

a whole is deemed feasible at 5.85 days, which exceeds the ADD three-day storage criterion. 

7.8 Analysis of Near-Term Pumping Facilities 

The near-term pumping analysis assumes that the Cohila Pressure Zone Phase 1 project as 

detailed in Section 7.6 has been completed and that recommendations for existing deficiencies 

have been addressed. 

The analysis of the system booster pumps using near-term demands presented in Table 7-13 

indicates that no additional booster pumps are required.  All pressure zones have surplus 

pumping capacity as shown in Table 7-13.   

Capital Improvement Project F.1:  Cohila Boosters, Phase 1 

During Phase 1 of the Cohila Pressure Zone, replace the existing service pumps at the 

Tanglewood Booster Station with two new booster pumps, each with a capacity to deliver 200 

gpm at 135 feet of head.  

There may be an opportunity to continue using the existing booster pumps at the Tanglewood 

and Abbott Booster Stations after establishment of the Cohila Pressure Zone.  Once more 

accurate parameters for the Saw Mill Creek Estates development are known, a study should be 

conducted to determine whether Abbott Boosters 1 and 2 and Tanglewood Boosters 1 and 2 

have sufficient capacity to service the Cohila Pressure Zone.  In accordance with Section 7.6, 

the Cohila Pressure Zone Phase 1 project indicates that the equivalent of two booster pumps, 

each capable of supplying 200 gpm at 135 feet of head, is required.   
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7.9 Analysis of Near-Term Pipeline Facilities 

Near-term demands were applied to the water model assuming that CIPs for existing 

deficiencies have been implemented.  Several minor deficiencies were found, largely in rural 

areas.  Due to the remote locations of the deficiencies, no improvements are necessary until 

further development occurs in the area.  This section lists recommended improvements to 

pipeline facilities that will solve these less critical deficiencies.  Section 7.4 describes the 

analysis and the basis of its implementation.   

Included in each CIP is a justification for the project and a description of the improvements 

necessary to meet design criteria.  In addition to deficiencies uncovered during the analysis, this 

section includes necessary pipeline improvements for implementation of the Cohila Pressure 

Zone as detailed in Section 7.6. 

Some neighborhoods are serviced by pipelines that were adequately sized for the fire flow 

demands in place at the time of their construction.  The Fire Marshal has since increased the 

fire flow requirements, rendering the capacity of certain pipelines in these neighborhoods as 

deficient.  However, the requirements at the time of construction are assumed to apply provided 

that no new construction takes place.  In the event of further development, the developer 

assumes responsibility for upgrading the existing pipelines to meet the current standards. 

Capital Improvement Project G.1:  Cohila Pipelines, Phase 1 (Appendix I, Figure CIP.1G) 

Justification.  A new pressure zone needs to be established, as discussed in Section 7.6. 

Recommended Improvements.  

• Replace existing 4-inch pipeline in Booth Way between Adams Drive and Bluebill Drive 

with new 8-inch pipeline. 

• Replace existing 4-inch pipeline in Booth Way between Sheridan Drive and Bernhardt 

Lane with new 8-inch pipeline. 
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• Parallel existing 4-inch pipeline in Bernhardt Lane between Booth Way and Garrick Way 

with new 8-inch pipeline. 

• Parallel existing 4-inch pipeline in Garrick Way between Bernhardt Lane and Kean Way 

with new 8-inch pipeline. 

• Replace existing 4-inch pipeline in Aeroplane Boulevard between Sawmill Drive and 

Paradise Way with new 8-inch pipeline. 

• Replace existing 4-inch pipeline in Rainbow Boulevard between Big Tree Drive and 

Sawmill Drive with new 8-inch pipeline. 

• Parallel existing 4-inch pipeline in Big Tree Drive between Rainbow Boulevard and 

Sugarloaf Boulevard with new 8-inch pipeline. 

• Replace existing 2-inch and 4-inch pipeline in Sherwood Boulevard between Sawmill 

Drive and Paradise Way with new 12-inch pipeline. 

• Replace existing 4-inch pipeline in Paradise Way between Sherwood Boulevard and 

East Big Bear Boulevard with new 12-inch pipeline. 

• Install sufficient piping to connect Cohila Reservoir to the southern terminus of 

Woodbridge Drive and either Sawmill Drive or Gold Mountain Drive. 

Capital Improvement Project G.2:  Cohila Pipelines, Phase 2 (Appendix I, Figure CIP.2G) 

Justification.  Establishment of new pressure zone in accordance with Section 7.6 will have 

cost-saving and efficiency benefits as outline in Section 7.6.2. 

Recommended Improvements. 

• Parallel existing 4-inch and 6-inch pipeline in Sugarloaf Boulevard between Big Tree 

Drive and Pineview Drive with new 12-inch pipeline.  Install new hydrant at Dawn Drive. 
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• Parallel existing 8-inch pipeline in Pineview Drive between Sugarloaf Boulevard and 

Mountain Lane with new 8-inch pipeline.   

• Install new 8-inch pipeline in Mountain Lane between Hillen Dale Drive and the end of 

the existing 6-inch pipeline to close the loop. 

• Install sufficient piping to connect Cohila Reservoir to either the southern terminus of 

Hillen Dale Drive or the intersection of Raleigh Drive and Salem Drive. 

Capital Improvement Project G.3:  Wendy Drive (Appendix I, Figure CIP.3G) 

Justification.  By observation, a new pipeline is required to complete a key segment of the main 

line pipeline system between the 12-inch main in North Shore Drive and the 12-inch main in 

Mountain View Boulevard. 

Recommended Improvements.  Install a parallel 12-inch pipeline in Wendy Drive between the 

southwest end of the 12-inch main in North Shore Drive and the 12-inch main in Meadow Lane.  

If the existing main in Wendy Drive is in poor condition, the new pipeline should replace the 

existing main instead of paralleling it.   

Capital Improvement Project G.4:  Big Bear Boulevard (Appendix I, Figure CIP.4G) 

Justification.  By observation, a new pipeline is required to complete a key segment of the main 

line pipeline system in East Big Bear Boulevard between Bernhardt Lane and Shore Drive. 

Recommended Improvements.  Install a parallel 10-inch pipeline in East Big Bear Boulevard 

between Bernhardt Lane and Shore Drive. 

Capital Improvement Project G.5:  Meadow Drive (Appendix I, Figure CIP.5G) 

Justification.  The water model returned multiple velocity deficiencies in Meadow Drive between 

Wendy Avenue and Sequoia Avenue (Appendix G, IDM CIP #28).  Deficiencies in Meadow 

Drive west of Anita Avenue are less critical and will be alleviated as older 2-inch mains in Nana 

Avenue, Tinker Bell Avenue, Peter Avenue, and Michael Avenue are replaced (Section 7.4, 

CIP C.10).  However, deficiencies in Meadow Drive east of Anita Avenue are more critical. 
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Recommended Improvements.  Replace the existing main in Meadow Drive between the 

12-inch main in Anita Avenue and the hydrant at the corner of Meadow Drive and Sequoia 

Avenue with a new 8-inch main. 

Capital Improvement Project G.6:  Hale Drive (Appendix I, Figure CIP.6G) 

Justification.  The water model returned pressure and velocity deficiencies in the vicinity of 

Holden Avenue and Hale Drive (Appendix G, IDM CIP #26).  By creating a series of loops 

between existing mains in Van Dusen Canyon Road, Holden Avenue, and Wendy Drive, system 

performance is enhanced and redundancy is improved. 

Recommended Improvements.  Install a new 8-inch main in Hale Drive between Van Dusen 

Canyon Drive and Wendy Drive.  Extend the existing main in Holden Avenue to Hale Drive with 

a new 8-inch main. 

Capital Improvement Project G.7:  Woodland Drive (Appendix I, Figure CIP.7G) 

Justification.  The hydrant spacing analysis indicates that hydrants are needed at the 

intersection of Woodland Drive and Cedarpine Lane and the intersection of Woodland Drive and 

Manzanita Lane.  The water model confirmed that there were deficiencies in the area 

(Appendix G, IDM CIP #4).  The current infrastructure cannot meet velocity design criteria at 

these locations. 

Recommended Improvements.  Install a new 8-inch main in Woodland Drive between 

Cedarpine Lane and Manzanita Lane to create a loop.  Install new hydrants at the intersection 

of Woodland Drive and Cedarpine Lane and the intersection of Woodland Drive and Manzanita 

Lane.   

Capital Improvement Project G.8:  Arbor Lane (Appendix I, Figure CIP.8G) 

Justification.  The water model returned four velocity and pressure deficiencies in San Anselmo 

Drive and in the vicinity of Sequoia Avenue and Arbor Lane (Appendix G, IDM CIP #20).  
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Recommended Improvements.  Replace the existing main in San Anselmo Drive between 

Paradise Way and the hydrant at 301 San Anselmo Drive with a new 8-inch main.  Replace the 

existing main in Mt. Doble Drive between Arbor Lane and the hydrant at the north end of Mt. 

Doble Drive with a new 8-inch main.  Replace the existing main in Arbor Lane between Mt. 

Doble Drive and Green Way Drive with a new 8-inch main.   

Capital Improvement Project G.9:  Fairway Boulevard (Appendix I, Figure CIP.9G) 

Justification.  The water model returned a velocity deficiency for the hydrant at the corner of 

Fairway Boulevard and Rosehill Drive (Appendix G, IDM CIP #34). 

Recommended Improvements.  Replace the existing main in Rosehill Drive between Fairway 

Boulevard and Country Club Boulevard with a new 8-inch main.   

Capital Improvement Project G.10:  Greenspot Road (Appendix I, Figure CIP.10G) 

Justification.  According to the water model, fire flow at the hydrant at the intersection of 

Greenspot Road and Mann Drive produces high velocities in the 4-inch main in Mann Drive 

(Appendix G, IDM CIP #29). 

Recommended Improvements.  Parallel the existing main in Mann Drive with a new 10-inch 

main between Murdoc Drive and Greenspot Road. 

Capital Improvement Project G.11:  Downey Drive (Appendix I, Figure CIP.11G) 

Justification.  By observation, the hydrant at 337 Downey Drive cannot meet velocity design 

criteria. 

Recommended Improvements.  Replace the existing main in Downey Drive between Dutch Way 

and Zaca Road with a new 8-inch main. 

Capital Improvement Project G.12:  Mariposa Lane (Appendix I, Figure CIP.12G) 

Justification.  By observation, the hydrant at 2190 Mariposa Lane and the hydrant at the corner 

of Hemlock Lane and Glencove Drive cannot meet velocity design criteria.  The hydrant spacing 
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analysis indicates that three additional hydrants are required, at the intersection of Mariposa 

Lane and Central Lane, the intersection of Mariposa Lane and Hemlock Lane, and the 

intersection of Glencove Drive and Willow Lane.   

Recommended Improvements.  Install a new 8-inch main in Central Lane between Glencove 

Drive and Mariposa Lane.  Replace the existing main in Mariposa Lane with a new 8-inch main.  

Replace the existing main in Hemlock Lane between Glencove Lane and Mariposa Lane with a 

new 8-inch main.  Replace the existing main in Glencove Lane between Hemlock Lane and the 

existing 8-inch main in Willow Lane with a new 8-inch main.  Install new hydrants at the 

intersection of Mariposa Lane and Central Lane, the intersection of Mariposa Lane and Hemlock 

Lane, and the intersection of Glencove Drive and Willow Lane. 

Capital Improvement Project G.13:  Malabar Way (Appendix I, Figure CIP.13G) 

Justification.  By observation, hydrants on Malabar Way between Greenspot Road and Dutch 

Way, on Turlock Drive, on Whipple Drive, and on Stanford Way between Turlock Drive and 

Greenspot Road cannot meet velocity design criteria.   

Recommended Improvements.  Replace the following existing mains with new 8-inch mains  

• Malabar Way between Greenspot Road and Dutch Way.   

• Turlock Drive 

• Whipple Drive 

• Stanford Drive between Whipple Drive and Turlock Drive 

For greater redundancy (if feasible), install a new 8-inch main in the Walkway connecting 

Turlock Drive to Big Bear Boulevard at 1400 East Big Bear Boulevard.   

Capital Improvement Project G.14:  Mt. Doble Drive (Appendix I, Figure CIP.14G) 

Justification.  By observation, the hydrant at 913 Mt. Doble Drive cannot meet velocity design 

criteria.  The hydrant spacing analysis indicates that there should be two hydrants in Mt. Doble 

Drive between Arbor Lane and Mountain View Boulevard.   
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Recommended Improvements.  Replace the existing main in Mt. Doble Drive between Arbor 

Lane and Mountain View Boulevard with a new 8-inch main.  Install two new hydrants trisecting 

the length of the new main. 

Capital Improvement Project G.15:  Monmouth Road (Appendix I, Figure CIP.15G) 

Justification.  The hydrant in Monmouth Road cannot achieve adequate pressure or fire flow 

due to the small diameter of the pipe in Monmouth Road and the high head loss experienced in 

the dead end pipe connecting it to the 8-inch main in Cascade Street via Ringwood Trail.  The 

hydrant on the 8-inch main in Ringwood Trail meets design criteria for fire flow and appears to 

have adequate range to service the residences in the area. 

Recommended Improvements.  As development proceeds in the Ringwood Trail area, close the 

loop by extending the dead-end in Monmouth Road to Bramble Bush Trail with a new 8-inch 

main, and install a new 8-inch main in Bramble Bush Trail between Monmouth Road and 

Cascade Street. 

Capital Improvement Project G.16:  E Lane (Appendix I, Figure CIP.16G) 

Justification.  The water model returned pressure deficiencies in the vicinity of Fox Road and 

Willow Lane. 

Recommended Improvements.  Two potential solutions are proposed: 

• Short-term solution:  Install a new zone valve south of the hydrant in Willow Lane 

between Manzanita Lane and Fox Road (Willow hydrant).  Open the existing zone valve 

north of Willow hydrant and close the new zone valve.  This action will reconfigure 

Willow hydrant as part of the Rowe Pressure Zone.  The combined flow between Willow 

hydrant and the hydrant in Chaparral Court will meet fire flow requirements for the 

immediate area.   

• Long-term solution:  Future development is anticipated along E Lane between Fox Road 

and Fern Lane.  Developer-driven improvements will include installation of a new 8-inch 

main in E Lane between Fox Road and Fern Lane and installation of a new 8-inch main 
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in Fox Road between E Lane and Willow Lane.  These improvements will improve 

pressure in the vicinity of Fox Road and Willow Lane, at which time the Willow hydrant 

may be reconfigured back to the Greenspot Pressure Zone.  Install a new hydrant at the 

intersection of E Lane and Fox Road. 

Capital Improvement Project G.17:  Lakewood Drive (Appendix I, Figure CIP.17G) 

Justification.  The water model returned pressure deficiencies in Jensen Drive, Lakewood Drive, 

and Erwin Ranch Road (Appendix G, IDM CIP #5).  By closing the loop in Lakewood Drive, 

these deficiencies are solved and greater redundancy is built into the system. 

Recommended Improvements.  Replace existing main in Lakewood Drive with a new 8-inch 

main.  Install additional 8-inch pipe to close the loop in Lakewood Drive between Erwin Ranch 

Road and Jensen Drive. 

Capital Improvement Project G.18:  Commercial Zone Hydrants  

Justification.  Much of Big Bear Boulevard is zoned as commercial, which requires hydrant 

spacing of 300 feet on center.  Hydrants are currently spaced 450 to 600 feet on center.  The 

existing main is capable of delivering the required fire flow. 

Recommended Improvements.  Install new commercial hydrants mid-block at the flowing 

locations: 

• 633 West Big Bear Boulevard 

• 521 West Big Bear Boulevard 

• 421 West Big Bear Boulevard 

• 325 West Big Bear Boulevard 

• 119 West Big Bear Boulevard 

• 121 East Big Bear Boulevard  

• 221 East Big Bear Boulevard  

• 325 East Big Bear Boulevard  
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Capital Improvement Project G.19:  Residential Hydrants 

Justification.  The hydrant spacing analysis revealed several gaps in the coverage of various 

residential areas that were not otherwise incorporated into the pipeline CIPs outlined in this 

section or in Section 7.4.  Hydrants should be installed to improve spacing; however, no 

additional infrastructure is required to deliver adequate fire flow.   

Recommended Improvements.  Install new residential hydrants at the flowing locations: 

• Intersection of Hicks Drive and Mound Street 

• Intersection of Fairway Boulevard and Drake Avenue 

• Intersection of Sugarloaf Boulevard and Pinon Drive 

• 1080 Whispering Forest Drive 

Capital Improvement Project G.20:  Panamint Mountain Drive  

Justification.  Velocity criteria are exceeded in the pipe serving the hydrant at the western end of 

Panamint Mountain Drive.  The Fire Marshal may allow for combining the fire flow with the 

hydrant at the intersection of Panamint Mountain Drive and Lookout Mountain Road. 

Recommended Improvements.  Inform the Fire Marshal that combined fire flow for the West 

Panamint Mountain Drive cul-de-sac is adequate for the given land use. 

Capital Improvement Project G.21:  Shady Lane 

Justification.  The water model returned a pressure deficiency at the hydrant at the west end of 

Shady Lane (Shady hydrant).  Currently, the Shady hydrant is capable of delivering 1,414 gpm 

at 20 psi (86 gpm short of target for residential hydrants).  The hydrant at the intersection of 

Shady Lane and Wilderness Drive (Wilderness hydrant) delivers 1,530 gpm at 20 psi.  These 

two hydrants are approximately 250 feet apart, which is well within the fire department’s spacing 

requirement of 600 feet.  Due to its elevation, the Shady hydrant cannot achieve the required 

fire flow for an individual hydrant. 
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Recommended Improvements.  Make the fire department aware that the flow available at Shady 

hydrant is 1,414 gpm and that Shady hydrant and Wilderness hydrant are to be used in tandem 

if a higher flow is required.   

7.10 Analysis of Ultimate Storage Facilities 

The analysis of sufficient storage capacity is described here using ultimate demands.  The 

design criteria in Section 6 specify the system storage required to meet operational demands, 

emergency demands, and fire flow (total required storage).  Additional design criteria specify 

that the entire system be capable of providing three days of storage under ADD conditions 

(equivalent ADD three-day storage requirement).  Section 7.1 defines storage terminology and 

explains the storage calculations. 

The most significant changes to ultimate conditions are the additions of Area 12 (Hillen Dale) 

and the Section 16 Pressure Zone.  As stated in Section 7.2, gravity storage is recommended 

for any future pressure zones.  The analysis that follows assumes that the Greenspot, Hicks, 

and Peery Pressure Zones will continue to be supplied by hydropneumatic pumping facilities 

that are dependent on storage in the Rowe Pressure Zone and that gravity storage will be 

constructed similarly to the Cohila Pressure Zone Phase 1 and Phase 2 projects. 

Using ultimate demands, the analysis of system storage presented in Table 7-14 indicates that 

the BBCCSD has sufficient storage and that the system also meets the equivalent ADD three-

day storage requirement, assuming that the Cohila Pressure Zone Phase 2 project is 

completed.   

Capital Improvement Project E.2:  Cohila Reservoir 2, Phase 2 

The storage provision of the Cohila Pressure Zone Phase 2 project consists of construction of 

one 400,000-gallon reservoir adjacent to Cohila Reservoir 1 at an elevation of 7,045 feet msl.  

Preliminary planning calculations indicate that a 400,000-gallon cylindrical steel tank will have a 

depth of 32 feet and a diameter of 48 feet.  The depth includes 2 feet of freeboard. 
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Capital Improvement Project E.3:  Section 16 Reservoirs 

To serve the demands of the Section 16 Pressure Zone, which currently has a storage deficit, 

construct two 250,000-gallon reservoirs.  A reservoir siting investigation must be performed by 

the developer in order to plan the implementation of any additional necessary improvements.  

Preliminary planning calculations indicate that each 250,000-gallon cylindrical tank at a depth of 

24 feet will require a 44-foot-diameter footprint.   

No additional storage is required beyond Cohila Reservoir 2 and the Section 16 Reservoirs.  As 

shown in Table 7-14, the system storage of 7.24 million gallons provides a surplus of 

1.67 million gallons to serve the demand of 1,620 ac-ft/yr.  Shared storage within the system as 

a whole is deemed feasible at 5.01 days, which exceeds the ADD three-day storage criterion. 

7.11 Analysis of Ultimate Pumping Facilities 

The ultimate pumping analysis assumes that the Cohila Pressure Zone Phase 2 project as 

detailed in Section 7.6 has been completed and that recommendations for existing and near-

term deficiencies have been addressed. 

The analysis of the system booster pumps using ultimate demands, presented in Table 7-15, 

indicates that additional booster pumps are required for the Section 16 Pressure Zone.  All other 

pressure zones have surplus pumping capacity (Table 7-15). 

Capital Improvement Project F.2 Cohila Booster, Phase 2 

The booster pumping provision of the Cohila Pressure Zone Phase 2 project consists of 

installation of a new booster pump at the Tanglewood Booster Station with a capacity to deliver 

200 gpm at 135 feet of head.  

Capital Improvement Project F.3:  Section 16 Booster Station 

To solve the Section 16 Pressure Zone booster deficiency, install a booster pump station to 

serve the Section 16 Pressure Zone with three 80-gpm pumps. 
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7.12 Analysis of Ultimate Pipeline Facilities 

Ultimate demands were applied to the water model assuming that CIPs for existing and near-

term deficiencies had been implemented.  No additional deficiencies were found. 

7.13 Time-Phased Improvements and Expenditures 

The improvements described herein include certain operational and maintenance items, as well 

as new requirements identified in this investigation.  Costs for each proposed CIP were 

estimated, and each project was scheduled for construction based on the perceived urgency.  

Total cost for pipeline installation and replacement was estimated at an appropriate rate to 

account for the current cost for materials and labor.  The costs for reservoir construction were 

estimated at $1.25 per gallon of storage, assuming that steel construction is used.  This value 

does not include costs for extensive site improvements or for the acquisition of property or rights 

of way.  Cost escalation is assumed to be 4 percent per year. 

The total cost has been estimated at 35 percent above construction cost, including: 

• 25 percent engineering design and construction management cost 

• 10 percent contingencies 

The schedules for the identified improvements are provided in Table 7-16 so that BBCCSD 

management can prioritize expenditures based on the availability of funding.  Market conditions, 

detailed design, and the extent to which designs are performed by consultants will determine 

actual cost. 

Projections were made on a yearly basis and extended across multiple years to account for 

anticipated project duration.  The current BBCCSD operating budget was used as a guide for 

scheduling and is provided as Appendix K.  The total estimate for the 22-year CIP plan 

(projecting out to year 2030) to remedy existing deficiencies is $16,284,000.   
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Developer-driven improvements anticipated for near-term and ultimate conditions have been 

identified in Table 7-17, and costs have been estimated in 2008 dollars.  It is anticipated that an 

additional $9,681,000 will be necessary to accommodate growth that is development- and 

developer-driven through 2030.   

CIP improvements were prioritized to allocate greatest importance to those facilities that were 

deemed to be the most critical to the BBCCSD infrastructure:   

• Supply facilities are considered to be the most integral to sustain growth and maintain a 

steady and redundant source for demand.   

• Pump stations are considered secondary in importance due to the volume of water 

demand and varying undulation in topography within the BBCCSD service area.  Within 

the pump station category, stations were prioritized based on need for immediate 

increases in capacity and upkeep of the existing facilities. 

• Storage capacity through reservoir availability is considered third most important to 

ensure that sufficient water is available to the respective pressure zones.   

• Programmed pipeline replacements follow in importance to the storage.  Operations 

personnel play an integral role in determining system conditions based on field 

experience.  Priority within this category has been determined based on interviews with 

these personnel and incorporating their professional opinion into pipeline replacement 

needs.  Also, projects that solved multiple deficiencies were given priority over smaller 

projects that dealt with isolated and less critical issues.  Figure 7-5 shows the locations 

of all pipeline CIPs.  Appendix I provides maps of individual pipeline CIPs, organized by 

designation as indicated in Sections 7.4 and 7.9, showing the proposed alignments and 

locations of proposed fire hydrants. 
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8. Methods of Financing 

The development of funding plans is based on an agency’s unique set of financial conditions.  

This section identifies some of the issues that BBCCSD should consider in the development of a 

capital improvement financing plan.  Many projects are financed by a combination of resources 

and funding methodologies.  Some of the more common financing techniques, including 

common types of debt instruments applicable in this case, are reviewed in Sections 8.1 

through 8.8. 

8.1 Pay-As-You-Go 

The accumulation of current funds for improvement projects is referred to as "pay-as-you-go" 

financing.  This method of financing requires that an agency accumulate the total capital cost of 

the improvements in advance of the start of construction.  Because several years may be 

required to accumulate the necessary funds for large projects, this method of funding is ideally 

applicable to smaller projects.   

Pay-as-you-go financing eliminates interest costs.  On the down side, current customers may 

pay for facilities that benefit future users, and system expansion or projects to increase the 

capacity of existing facilities to serve new users that are funded by pay-as-you-go financing are 

not equitable.  Projects to modernize or otherwise improve an existing system are appropriate 

for this method of financing.  The pay-as-you-go method requires matching of needed 

improvements to water revenues and an adequate water rate structure to ensure proper 

phasing of improvements. 

8.2 Pay-As-You-Use 

Capital items with a long useful life can be financed over the life of the project on a “pay-as-you-

use” basis using debt instruments.  The term of borrowing should coincide with the estimated 

useful life of the improvements, if market conditions permit and the debt obligation is within the 

community’s ability to pay. 
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8.3 State Revolving Fund 

The Drinking Water State Revolving Fund (DWSRF) program is an innovative method of 

financing for state water programs to further the goals of the Safe Drinking Water Act (SDWA).  

Under this program, the U.S. Environmental Protection Agency (EPA) provides grants to states 

to set up DWSRF programs.  These programs consist of federal and state matching funds 

placed in a revolving loan fund to finance low-interest loans for construction of eligible water 

projects, which address the public health and compliance priorities of SDWA.  Additionally, 

states can set aside federal funds from each grant to be used for state water program items 

and/or for direct assistance to water systems, subject to specified maximum limits for each 

activity. 

Provisions in the SDWA require that at least 15 percent of the loan fund be used for the direct 

benefit of small systems.  Other provisions allow for subsidization of loans for economically 

disadvantaged communities.  A unique provision of the DWSRF requires that communities not 

receive a loan unless they can either demonstrate the technical, managerial, and financial 

capacity to comply with the SDWA or agree to make the changes necessary to come into 

compliance. 

8.4 Water Bond 2000 (Proposition 13) 

The Water Bond 2000 measure, Proposition 13 approved March 2000, provides loan and grant 

funding for urban and agricultural water conservation, groundwater recharge and storage, and 

infrastructure rehabilitation projects or feasibility studies.  The Department of Water Resources 

(DWR) is developing administrative regulations, policies, and applications for these new 

programs, which include:  

• Groundwater Storage Program ($200 million): Provides money for grants to public 

agencies and mutual water companies to fund feasibility studies, project design, or the 

construction of facilities for conjunctive use projects. 
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• Interim Water Reliable Supply and Water Quality Infrastructure and Management 

Program ($180 million): Provides grants and/or loans to local agencies in the Delta 

export service areas for programs and projects designed to increase water supplies, 

enhance water supply reliability, or improve water quality. 

8.5 Contributions, Connection Fees, and Developer Impact Fees 

Several methods of obtaining contributions to fund improvement projects exist, such as:  

• Cash fees paid by developers to expedite construction of certain facilities  

• Financing by assessment district (Section 8.6) property owners for system 

improvements  

• Construction and dedication of facilities to BBCCSD by developers  

• Connection and developer impact fees 

Growth may be relatively aggressive at times, and at such times BBCCSD may also have 

capital needs for replacing facilities.  Contributions may not provide adequate revenue to meet 

requirements for replacement of existing facilities. 

Connection fees are often assessed on a lot-by-lot basis to offset the cost of connecting to an 

existing system and buying capacity in an existing system that has been previously constructed 

and paid for by the water purveyor.  The logic involved is that when a water system is initially 

constructed by a city or water district, good planning dictates that the system be designed and 

constructed to provide for future growth and extension of that system.  Thus, some main line 

elements of that system are oversized relative to the initial water conveyance requirements.  It is 

then reasonable that as future extensions and connections to that system are made, the 

individual lot owner or developer should pay a connection fee or development impact fee to 

offset a fairly determined portion of the initial system cost. 

In the case of BBCCSD, many of the recommended improvements are, in part, required to 

enhance the delivery capability of the system to fill-in lot development, to near-term planned 

developments such as Saw Mill Creek Estates, Wooden Door Estates, and Big Bear Pines, and 
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to development of currently undeveloped areas zoned as residential and commercial.  The 

projected new connections will represent approximately 32 percent of the total system 

connections (Table 8-1).  It is therefore reasonable that fees from these new connections should 

pay for an absolute minimum of 32 percent of the facilities improvement cost plus a buy-in 

assessment of 32 percent of the existing main line system elements.  These main line elements 

include wells, reservoirs, treatment facilities, booster pumping stations, and main line pipelines. 

The developer of any new development should pay for all new facilities required for that 

development.  The developer should also pay a connection fee (Table 8-1) to help fund facilities 

that were previously designed and installed that provide the capability for the main line system 

to convey an adequate supply of water to that new development.  Such new facilities must be 

approved by BBCCSD and satisfy the requirements of the Fire Marshal.  Acquired funding in 

excess of the amount necessary to construct the new facilities required for the development 

should go into a water facility improvement fund for future repairs and improvements. 

8.6 Revenue Bonds (1911 and 1915 Acts) 

Revenue bonds are used to finance capital infrastructure that is revenue producing.  Revenue 

bonds are special obligations of the issuing entity with repayment made solely from the 

revenues produced by the constructed infrastructure.  Revenues derived from the constructed 

facilities must normally also be sufficient to cover the cost of maintaining and operating the 

facility.  Thus bond covenants generally pledge that net revenues will be equal to an amount 

sufficient to meet all repayment and expense obligations plus an operating margin or coverage 

that typically varies from about 1.2 to 1.5 times the amount of the debt service.  Coverage 

margins typically reflect the source of the loan as well as the financial characteristics and credit 

worthiness of the issuing agency.  Water system facilities are typically financed with the use of 

revenue bonds in accordance with the Revenue Bond Law of 1941.  In accordance with this act, 

an election must be held with a majority of the voters at the election approving the revenue bond 

issue. 

Since the passage of Proposition 13 limiting the allowable increases in annual property taxes, 

the creation of assessment districts, in existence since the early 1900s, has been a popular 
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alternative method of financing public infrastructure.  Approximately one-third of privately owned 

property in California is included within an assessment district.  Assessment districts are created 

in accordance with either the Improvement Act of 1911 or the Municipal Improvement Act of 

1913.  The former act can also be used to fund improvement maintenance.  These two acts set 

forth the procedures for implementing an improvement project and for levying the assessment to 

pay for such work.  Assessment bonds to fund capital improvements can be issued by 

assessment districts in accordance with associated assessment bond acts.   

The Improvement Act of 1911 provides for authorization to levy assessments and issue related 

bonds.  The Improvement Act of 1913, however, has no bond procedures, but improvements 

can be financed through a subsequent bond act known as the Improvement Bond Act of 1915 

(solely a bond act).  These acts may be used in various combinations.  There may be a 1911 

act assessment with a 1911 or 1915 act bond, or a 1913 act assessment with a 1911 act or 

1915 act bond.  However, there is no such thing as a 1913 act bond or a 1915 act assessment.   

An assessment district is created by a local sponsoring governmental agency.  Property owners 

typically initiate creation of the assessment district by circulating a petition that must be signed 

by property owners representing 60 percent of the benefited land area.  It is essential that 

properties within the assessment district, which will bear the burden of tax levies to pay for the 

bond financings, receive a direct and special benefit (as distinguished from general benefits 

obtained by the community as a whole).  Following the creation of the assessment district, 

bonds can be approved by the governing board only after the preparation of an Engineer’s 

Report and at the conclusion of a public hearing.  In accordance with Proposition 13, the 

property assessment cannot be based directly on the value of each property, but rather on a 

mathematical formula that takes into account how much each property will benefit from the 

constructed infrastructure.  Each parcel in the assessment district is obligated for a fixed 

percentage of the total district debt and will be assessed each year for that portion of the annual 

debt service.   
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8.7 State Grants (Propositions 50 and 84) 

The State of California has one current grant program available to finance water infrastructure.  

Proposition 50 (known as the Water Security, Clean Drinking Water, Coastal and Beach 

Protection Act of 2002) authorized the legislature to appropriate funds for Integrated Regional 

Water Management (IRWM) projects.  This grant program is jointly administered by the DWR 

and State Water Resources Control Board.  

Chapter 8 of the act provides about $380 million for IRWM projects.  Grant funding is available 

to local agencies for projects that are formulated through an integrated regional planning 

process.  Funding is available for implementation of regional projects (Implementation Grant) 

and to support development of IRWM plans (IRWMPs).  Two cycles of funding were being used 

to select projects for funding.  The first cycle submittal deadline is past, leaving only on the order 

of $200 million available for cycle two funding.  To qualify for Implementation Grant funding, the 

proposed projects need to be the outcome of an IRWMP.  Only one Implementation Grant 

application will be accepted from each region.  However, each grant application may request 

funding for more than one project.  Each grant is limited to a maximum of $50 million.  This 

source of grant funding is probably not feasible for BBCCSD’s CIP implementation, as projects 

most likely to be funded should be related to regional rather than local projects.     

The second phase of IRWM project funding may not occur, as some of the remaining money 

could be used to fund cycle one projects not initially selected for funding.  Any remaining money 

would be transferred to the recently passed Proposition 84 program.  Limited funds may be 

available through the Proposition 84 program for BBCCSD’s CIP; however, the program details 

have not yet been fully established.   

8.8 Certificates of Participation 

In lieu of funding capital improvement projects on a pay-as-you-go basis or by assessment 

proceedings, BBCCSD may use a financing vehicle referred to as certificates of participation 

(COPs).  COPs were first developed in the late 1970s in response to Proposition 13, which 

limited an agency's ability to finance services and capital expenditures through property tax 
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increases and general obligation debt.  Proposition 13 prohibits agencies from incurring bonded 

indebtedness without voter approval.  However, agencies can enter into long-term lease 

obligations in lieu of bonded debt.  The COP structure is an extension of a long-term lease sold 

as a tax exempt investment in the capital markets. 

Agencies typically use two types of COP structures:   

• Under the first alternative, BBCCSD would issue a COP that directly finances certain 

capital improvements and would enter into a long-term lease purchase agreement with a 

nonprofit lessor.  The agreement would require BBCCSD to lease back the 

improvements at an annual cost equal to the annual debt service on the COP.  Upon 

redemption of the COP, BBCCSD would receive title of the financed capital 

improvements. 

• The second alternative involves the mortgaging or refinancing of publicly owned land 

and improvements.  The proceeds from the mortgage can fund projects including land 

acquisition, new facilities construction, capital improvements, and equipment purchases.  

This COP structure, known as the Asset Transfer Program (ATP), would enable 

BBCCSD to pledge its equity in existing real property for financing new projects.  Under 

this method, BBCCSD would sell an existing facility to a nonprofit corporation (typically 

comprised of members from the governing body) and would enter into a long-term lease 

purchase agreement at an annual cost equal to the debt service on the COP that initially 

financed the purchase of the facility.  Upon redemption of the COP, title to the refinanced 

facility would revert to BBCCSD at no additional cost 

The primary security for repayment of a COP is BBCCSD's pledge to establish rates and 

charges that will produce revenues, on an annual basis, in an amount sufficient to support its 

annual lease obligation to the nonprofit corporation. 

The ATP can provide at least four notable advantages over more conventional forms of tax 

exempt financing and a direct COP: 
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1. By borrowing against the appreciated value of existing property and improvements, 

BBCCSD would provide investors with greater security, in the form of real property and 

existing improvements, as compared to a simple pledge of proposed capital projects. 

2. By refinancing existing facilities, BBCCSD would eliminate the need to capitalize interest 

during construction, thereby reducing the total size of the issue and substantially 

decreasing BBCCSD's overall cost of borrowing. 

3. By eliminating the need for a conditional or provisional rating to be assigned, the 

marketability of the COP would improve. 

4. Water enterprise funds spent on capital improvements without the availability of ATP 

proceeds would be invested without any arbitrage restrictions. 

A COP can provide an agency with a flexible, cost-effective vehicle to finance capital 

improvement programs or leverage existing facilities.  Additionally, BBCCSD may choose to 

finance capital projects with a COP in lieu of enterprise funds and invest a like amount of money 

without any arbitrage restrictions.  Each of these structures can satisfy BBCCSD's goal of 

providing capital improvements at the lowest cost to its customers. 

8.9 Statement of Existing Rate Structure 

An extensive water rate review was conducted by Bartle Wells Associates in 1995 and is 

provided as Appendix L.  The review concluded that the rate structure in place in 1995 was 

equitable and that district revenues were adequate to fund ongoing operating and capital 

expenses.  The review recommended an increase in standby charges on undeveloped parcels 

and standardization of tier breakpoints to ensure that all district customers would be charged on 

the same basis.   

BBCCSD produces a water service operating budget (WSOB) annually.  The WSOB for fiscal 

year 2008-2009 is included in Appendix K.  This WSOB summarizes revenue and reserve 
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transfers, operations and maintenance appropriations, debt service, and a 5-year capital 

improvement program.  Revenue is generated according to the following rate structure: 

• The minimum base rate for residential water service, irrespective of meter size or 

consumption, is a bimonthly fee of $40.04.  The base rate increases per meter size are 

indicated in Table 8-2. 

• Bimonthly quantity rates are based on a tiered structure that accounts for meter size.  All 

quantity rates are based on a unit cost of dollars per 100 cubic feet (Table 8-3). 

• Owners of improved parcels receiving water service pay an additional annual fee of $30 

that is included on their property tax bill. 

• Owners of unimproved parcels where water service is available pay an annual fee of $40 

that is included on their property tax bill. 

8.10 Recommendations 

BBCCSD should conduct a water rate structure analysis and financing plan study before 

pursuing the construction of recommended improvements.  The rate analysis and financing plan 

study can assist BBCCSD in determining the most cost-effective and feasible funding approach 

for construction projects.  The pay-as-you-go method, along with special bond financing, 

remains the most feasible method. 
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Annual Production and Consumption 
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Figure 3-3

DPWM Mean Annual Precipitation
1981 - 2003
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Figure 3-5 Saturated Hydraulic Conductivity
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Figure 3-6 Depth to Lithic Bedrock
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Figure 3-7 Depth to Paralithic Bedrock
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Figure 3-8 Bedrock Geology
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Figure 3-9 GAP Landcover - Vegetation Types
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Cumulative Distribution Frequency of Modeled Precipitation 

1981–2003 
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Figure 3-11

DPWM Mean Annual Actual Evapotranspiration
1981 - 2003

BIG BEAR CITY COMMUNITY SERVICES DISTRICT

JN WR08.00641/8/2010
Daniel B. Stephens & Associates, Inc.

Explanation

< 1
1 -5
5 - 10

10 - 15
15 - 20
20 - 25

25 - 30
> 30

Basin
Sub-basin

N

0 3750 7500 Feet Evapotranspiration (in/yr)



P:\_WR08-064\MasterPln-Fnl.1-10\Figures\F3-12_CDF-Rchrg.doc 

 
 
 

BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Cumulative Distribution Frequency of Modeled Recharge 

1981–2003 

Figure 3-12
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Daniel B. Stephens & Associates, Inc.
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Figure 3-13

DPWM Mean Annual Recharge
1981 - 2003

BIG BEAR CITY COMMUNITY SERVICES DISTRICT

JN WR08.00641/8/2010
Daniel B. Stephens & Associates, Inc.

Explanation

0
1 - 5
5 - 10

10 - 50
50 - 100
100 - 500

500 - 1,000
> 1,000

Basin
Sub-basin

N

0 3750 7500 Feet Recharge (in/yr)



P:\_WR08-064\MasterPln-Fnl.1-10\Figures\F3-14_Rchrg-Precip.doc 

 
 
 

BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Recharge as Percentage of Precipitation 

1981–2003 

Figure 3-14
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Comparison of DPWM Mean Annual Precipitation to 

Weather Station Measured Annual Precipitation, 1981–2003 

Figure 3-15
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(Recharge/Precipitation)% = 17.83Ln{Precipitation(ac-ft)} - 178.86
R2 = 0.8541
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Recharge/Precipitation vs. Precipitation 

 
1/7/10 
Daniel B. Stephens & Associates, Inc.





P:\_WR08-064\MasterPln-Fnl.1-10\Figures\F4-2_Prdctn-Cnctn.doc 

 
 
 

BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Historical Production and Connection Totals 

Figure 4-2
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Rowe Booster Pumps 

Figure 4-3
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Peery Fire Pump 

Figure 4-4
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
2007 Water Supplied by BBCCSD 

Figure 4-5
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Well 10 

Figure 4-6
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Erwin Ranch Road Intertie Site 

Figure 4-7
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Greenspot Reservoir 

Figure 4-8
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
SCADA Hydraulic Profile Screenshot 

Figure 4-9a
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
SCADA Screenshot Showing Water Levels 

Figure 4-9b
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Kinetico Groundwater Treatment System at Well 8 

Figure 4-10
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Well 2 Chlorine Injection System 

Figure 4-11
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Greenspot Backup Power Generator 

Figure 4-12
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Portable Power Generator 

Figure 4-13
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BIG BEAR CITY COMMUNITY SERVICES DISTRICT 
BBCCSD Hydrant Test Location Map 

Figure 5-1
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Restricted Main Pipeline Schematic 

Figure 7-1
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Daniel B. Stephens & Associates, Inc.
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BIG BEAR CITY COMMUNITY SERVICE DISTRICT  
Well 3B Wellhead 

Figure 7-2
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Daniel B. Stephens & Associates, Inc.
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Table 2-1.  San Bernardino County Land Use Designations 

Code Name Density 
Minimum Parcel 

Area Intended Uses 
RS 1 unit per 0.25 acre 7,200 ft2

RS-20M 
Single 
residential 1 unit per 20,000 ft2 20,000 ft2

This district provides sites for single-family residential uses and similar and 
compatible uses. 

RS-10M  1 unit per 10,000 ft2 10,000 ft2  
RS-1  1 unit per 1 acre 1 acre  
RM Multiple 

residential 
1 unit per 0.05 acre 10,000 ft2 This district provides sites for multiple residential uses, mixed residential uses, and 

similar and compatible non-residential uses and activities. 
RL Rural living 1 unit per 2.5 acres 2.5 gross acres 
RL-5  1 unit per 5 acres 5 gross acres 

This district provides sites for rural residential uses, incidental agricultural uses, and 
similar and compatible uses. 

RL-10  1 unit per 10 acres 10 gross acres  
RL-20  1 unit per 20 acres 20 gross acres  
RL-40  1 unit per 40 acres 40 gross acres  
RC Resource 

conservation 
1 unit per 40 acres 40 gross acres This district provides sites for open space and recreational activities, single-family 

homes on very large parcels, and similar and compatible uses. 
SD-RES Special 

development 
0.3:1 Floor area 
ratio (FAR) 

40 acres This district provides sites for a combination of residential, commercial, industrial, 
agricultural, open space and recreation uses, and similar and compatible uses. 

CG General 
commercial 

0.5:1 (FAR) 5 acres This district provides sites for retail trade and personal services, lodging services, 
office and professional services, recreation and entertainment services, wholesaling 
and warehousing, contract/construction services, transportation services, open lot 
services, and similar and compatible uses. 

CN Neighborhood 
commercial 

0.25:1 (FAR) 1 acre This district provides sites for retail trade and personal services, repair services, 
professional services, recreation and entertainment services, and similar and 
compatible uses. 

CS Service 
commercial 

0.4:1 (FAR) 5 acres This district provides sites for a mixture of heavy commercial uses and light industrial 
uses, including light manufacturing uses, and similar and compatible uses. 

IC Community 
industrial 

0.4:1 (FAR) 5 acres This district provides sites for light industrial uses such as light manufacturing uses, 
wholesale/warehouse services, contract/construction services, transportation 
services, agriculture support services, incidental commercial and accessing 
residential uses, and similar and compatible uses. 

IN Institutional 0.5:1 (FAR) None indicated This district provides sites for public and quasi-public uses facilities and for similar 
and compatible uses. 
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Table 2-2.  Projected Average Annual Growth Rates for  
2000 through 2030 

Demographic 
Growth Rate 

(%) 
Population 1.8 
Households 2.0 
Employment 1.6 

 
 
 
 
 

Table 2-3.  BBCCSD Service Area Population Projection 

Year 2000 2005 2010 2015 2020 2025 2030 
Service population 7,884 8,620 9,424 10,303 11,264 12,315 13,464

 
 
 
 
 

Table 2-4.  BBCCSD New Service Connection Projection 

Year 2007 2010 2015 2020 2025 2030 
Connections 5,990 6,035 6,339 6,822 7,342 7,901 
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Table 2-5.  Top 50 Consumers  

January 1, 2000 to March 15, 2008 
Page 1 of 2 

Note:  Yellow shading indicates non-residential customers. 
ft3 = Cubic feet 
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Rank Account # Customer 
Consumption 

(ft3) 

1 0160010000 Whispering Pines Est. 16,655,000 
2 0180010000 Stickleback 10,785,600 
3 0150110000 Big Bear High School 9,892,000 
4 0150100000 Chautauqua High School 1,797,000 
5 0062211000 Inn Der Bach 1,466,900 
6 0101835000 Big Bear Airport District 1,429,000 
7 0108000000 Church of Jesus Christ, LDS 881,000 
8 0180040000 BBCCSD-Fire Station #292 741,000 
9 0087730000 Richard Ollila 647,300 

10 0100170000 Thelma's Restaurant 633,900 
11 0030025000 Guillermo & Clara A Santiso 628,500 
12 0150230000 J L Reed 552,300 
13 0073975000 Larry Moore Trust 535,300 
14 0105400000 Tom & Michelina Sakai 516,000 
15 0180020000 Inn Der Bach 475,500 
16 0041220000 BBCCSD - Erwin Lake Park 473,000 
17 0115315000 Big Bear Vly Rec & Park 471,000 
18 0000003410 Ronald Burkhard 462,000 
19 0130030000 Tamio & Michelina Sakai 382,600 
20 0061400000 Curt Williamson 367,200 
21 0062655000 Bbarwa 365,000 
22 0063540000 Cindy Raymond 360,700 
23 0041070000 Kathy & Thomas Bradford 359,400 
24 0013430000 Cathy's Country Cottages 342,800 
25 0105270000 Ken Willis 325,100 
26 0113010000 Ann Van Ausdeln 324,800 
27 0061450000 John Dykesten 323,200 
28 0042410000 Russell Wells 322,700 
29 0180050000 BBCCSD-Fire Station #291 310,000 
30 0103060000 N E Johnson 309,200 
31 0100310000 Morgan Properties 300,200 
32 0080990000 Tom & Theresa Spiegel 299,200 
33 0023500000 Big Bear B & B 295,000 
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Table 2-5.  Top 50 Consumers 

January 1, 2000 to March 15, 2008 
Page 2 of 2 
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Rank Account # Customer 
Consumption 

(ft3) 

34 0026790000 Doves 292,300 
35 0000003409 Gold Mountain Manor 290,900 
36 0075710000 Alex & Lois Dmytriw 276,600 
37 0150250000 Bob And Shirley Wood 274,200 
38 0075580000 George & Leslie Wilson 272,600 
39 0060990000 Kevin Donoho 270,400 
40 0170700000 Thomas & Gini Rebber 268,900 
41 0105470000 Kim & Kanita Rees 265,800 
42 0075480000 Rachel Miller 265,500 
43 0075600000 Paul Bedoe 258,000 
44 0073675000 Seventh Day Adventist Church 255,800 
45 0062560000 Edward E Becker 253,000 
46 0107060000 Catrine & Marvin Tadlock 253,000 
47 0075180000 John M Stock 251,800 
48 0111540000 BBC SawWorks Inc. 249,700 
49 0061540000 Kurt Cowell 248,200 
50 0052850000 Janet Evans 245,500 

Note:  Yellow shading indicates non-residential customers. 
ft3 = Cubic feet 
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Table 2-6.  Water Meter Data 

Rate 
Code 

Meter Size 
(inches) 

Number of 
Meters 

Total Demand 
per Rate Code 

(gpm) 

Demand per 
Meter 
(gpm) 

Percentage of 
Total Demand

(%) 
M00 ⅝ and ¾ 5,898 668.75 0.11 87.1 
M01 1 47 14.38 0.31 1.9 
M02 1½ 3 1.77 0.59 0.2 
M03 2 5 7.78 1.56 1.0 
M04 3 0 0.00 0.00 0.0 
M05 4 1 19.51 19.51 2.5 
M06 6 1 35.62 35.62 4.6 
M07  20 6.13 0.31 0.8 
M08  2 1.42 0.71 0.2 
M99  10 11.91 1.19 1.6 
CMtr a NA 2 0.12 0.06 0.0 
Well b NA 1 0.11 0.11 0.0 

 
a Construction meters are temporary by their nature and not necessarily 

associated with a specific meter size or typical demand. 
gpm = Gallons per minute 

b Private well at 1001 West Paradise Way.  

 
 
 
 

Table 2-7.  Water Loss Analysis 

 2001 2002 2003 2004 2005 2006 2007 
Production (ac-ft) 1,233 1,224 1,102 1,162 1,101 1,126 1,238 
Consumption (ac-ft) 1,186 1,147 1,039 1,064 986 1,005 1,099 
Loss (ac-ft) 47 77 64 97 115 121 139 
Loss (%) 3.8 6.3 5.8 8.4 10.5 10.7 11.2 

 

ac-ft = Acre-feet 
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Table 2-8.  Water Duty Factors 

 

 

Code Designation 
Water Duty Factor
(ac-ft/yr per acre) 

Average Meter 
Demand 

(ac-ft/yr per unit) 
RS Single-family residential 1.35 0.17 
RS-1 Single-family residential 0.47 0.43 
RS-10M Single-family residential 0.56 0.13 
RS-20M Single-family residential 0.52 0.29 
RM Multiple residential 1.53 0.24 
RL a Rural living 0.085 0.21 
RL-5 a Rural living 0.042 0.21 
RL-10 a Rural living 0.021 0.21 
RL-20 a Rural living 0.011 0.21 
RL-40 a Rural living 0.0053 0.21 
SD-RES Special development 0.88 0.17 
CG General commercial 2.45 0.25 
CN b Neighborhood commercial 1.73 0.17 
CS Service commercial 1.42 0.14 
IC Community industrial 1.73 NA 
IN Institutional 0.56 NA 
RC Resource conservation 0.00 NA 
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Table 2-9.  Summary of Build-Out Data 

Code a
Area 

(acres) 

Density 
(connections 

per acre) 
Build-Out 

Connections 

Water Duty 
Factor 

(ac-ft/yr per acre) 
Demand 
(ac-ft/yr) 

RS 1,409 4 5,635 1.35 1,897.8 
RS-1 556 1 556 0.47 262.8 
RS-10M 60 4 239 0.56 33.7 
RS-20M 307 2 614 0.52 158.4 
RM 77 16 1,239 1.53 118.3 
RL 321 0.025 8 0.04 14.2 
RL-5 415 0.2 83 0.042 17.6 
RL-10 38 0.1 4 0.021 0.8 
RL-20 665 0.05 33 0.011 7.0 
RL-40 199 0.025 5 0.0053 1.1 
SD-RES 252 3 756 0.88 220.9 
RC 1,171 0.025 29 0.0053 6.2 

Residential subtotal 5,470  9201  2,739 

CG 119 10 1,195 2.45 293.1 
CN 1 10 7 1.94 1.4 
CS 41 10 409 1.42 58.2 
IC 24 10 240 1.94 46.6 
IN 218 NA NA 0.56 122.5 

Non-residential subtotal 403  1,851  522 

Total 5,873  11,052  3,261 
 
a Explanations of land use codes are provided in Table 2-1 ac-ft/yr = Acre-feet per year 
 NA = Not applicable 
 
 
 
 

Table 2-10.  Near-Term Development within  
BBCCSD Service Area 

Development Units 
Wooden Door Estates 37 
Big Bear Pines Residential Community 66 
Saw Mill Drive 242 

Total 345 
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Table 2-11.  Projected Ultimate (2030) Development within BBCCSD Service Area 

Area Projected Development 
Area 

(acres) Land Use a
Density 

(units/acre)
Total 
Units 

Demand 
(ac-ft/yr) Notes 

1 North Shore Drive & Live Oak Place 37.0 RS 4 148 29.6 SBC land use density 
2 North Shore Drive & Live Oak Place 4.9 RS-1 1 5 1.0 SBC land use density 
3 Greenspot Road & Erwin Ranch Road 14.8 CG 1.5 22 4.4 Density similar to adjacent lots 
4 Pine Lane & Amber Park Drive 15.0 RS 4 60 12.0 SBC land use density 
5 Shore Drive & E. Big Bear Blvd. 24.8 CG 4 99 19.8 Density similar to adjacent lots 
6 Northeast of E. Big Bear Blvd. 304.8 RS-1 0.4 122 24.4 Estimated to be 60% built-out 
7 Erwin Ranch Road & Cypress Lane 83.8 RS-1 1 84 16.8 SBC land use density 
8 Shay Road Tract 1730 PM 7114 4.4 RS 7.9 35 7.0 Density based on number of lots 
9 Minnow Lane Tract 1730 1.5 RS 10.5 16 3.2 Density based on number of lots 

10 Vicinity of Erwin Lake 186.5 SD-RES 0.2 30 6.0 Density based on number of lots 
11 Greenspot and Erwin Lane 38.8 SD-RES 3.5 136 27.2 Adopted density of Tanglewood SD 
12 Hillen Dale Lane 59.1 RS 4 237 47.4 SBC land use density 
13 State Lane & Willow Lane 20.6 RS-20M 2.178 45 9.0 SBC land use density 
14 Section 16 Development 118.5 RS 4 474 94.8 SBC land use density 
15 Greenspot Road & Mitchell Lane 10.0 CG 1 10 2.0 Density similar to adjacent lots 
16 N. Maple Lane & E. Big Bear Blvd. 9.0 RS-10M 4.356 39 7.8 SBC land use density 

 Densification and rural development    706 141.2  

   Total 1,562 312.4  
 

a Explanations of land use codes are provided in Table 2-1 
ac-ft/yr = Acre-feet per year 
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Table 2-12.  Projected Water Requirements 

Planning Period Connections 
Average Day Demand 

(ac-ft/yr) 
Existing 5,990 1,238.0 
Near-term 6,335 1,307.0 
Ultimate 7,901 1,620.2 
ac-ft/yr = Acre-feet per year 

 
 
 
 

Table 2-13.  Demand Fluctuation Summary 

  Demand  
Scenario Factor ac-ft/d mgd gpm Period 

Average daily demand 1.00 3.39 0.15 767.5 2007 
Maximum day demand a 1.95 6.63 0.29 1500.2 Thursday, July 19, 2007 
Peak hour demand 3.90 13.26 0.58 3,000.4 NA 
Minimum day demand b 0.43 1.47 0.06 331.8 Saturday, February 17, 2007 

 
a The peaking factor for maximum day demand (MDD) was calculated at 1.95, which was then rounded up to 2.0 to simplify 

certain applications and to give a slightly more conservative estimate.  See Appendix A for methodology and calculations. 
b The peaking factor for minimum day demand was calculated at 0.433, which was then rounded down to 0.4 to simplify certain 

applications and to give a slightly more conservative estimate.  See Appendix A for methodology and calculations. 

ac-ft/d = Acre-feet per day gpm = Gallons per minute 

mgd = Million gallons per day NA = Not applicable 
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Table 3-1.  Sources of Data for Water Balance Model 
Page 1 of 2 
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Parameter 

Published 
Site-Specific 

Data 
Literature 

Data 

Estimated 
from Other 
Properties Comment 

Soils     
Saturated hydraulic conductivity X   USDA, 2008 
Soil texture X   USDA, 2008 
Water retention characteristics   X Estimated with Rosetta (Schapp 

et al., 2001) 
Soil depth X   USDA, 2008 
Bedrock     
Saturated hydraulic conductivity  X  Brassington, 1988 

Maidment, 1993 
USDA, 2008 
Belcher et al., 2002 

Unit map X   Dibblee, 1971 
Vegetation     
Mean maximum root depth  X  Rundel and Gibson, 1996 

Schenk and Jackson, 2002 
Mean maximum height  X  Rundel and Gibson, 1996 

Tirmenstein, 1999 
Leaf area index (LAI)  X  DBS&A, 2008 

Breuer and Frede, 2003  
Phenology  X  Appears to correspond with NTS 

studies (Rundel and Gibson, 
1996) 

Vegetation type and distribution X   GAP study (USGS, 2008a; 
UCSB, 2008) 
DBS&A site visits 

Stomatal resistance  X  Huxman et al., 1999 
Huxman and Smith, 2001 
Naumburg et al., 2003 
Hamerlynck et al., 2000a 
Hamerlynck et al., 2000b 
Hamerlynck et al., 2002 
Hamerlynck et al., 2004 
Pataki et al., 2000 
Smith et al., 1995 

Climate     
Precipitation X   DAYMET, 2007 
Air temperature X   DAYMET, 2007 
Precipitation intensity   X CIMIS, 2009, #199 
Climate (cont.)     
Wind speed   X CIMIS, 2009, #199 
Snow sublimation rate  X  Hood et al., 1999 
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Parameter 

Published 
Site-Specific 

Data 
Literature 

Data 

Estimated 
from Other 
Properties Comment 

Snowmelt rate   X Average of values from 12/1/06 
through 4/1/07 using HELP 
model methodology (Schroeder 
et al., 1994) 

Precipitation lapse   X Estimated from DAYMET, 2007 
Temperature lapse   X Estimated from DAYMET, 2007 
Geography     
Ground elevation X   USGS, 2008b 
Basin boundary X   USGS, 2008b 
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Table 3-2.  Soils Data for the Bear Valley Basin Reported by U.S. Department of Agriculture 

MUKEY = Map unit key (SSURGO database) cm = Centimeter(s cm/s = Centimeters per second 
MUSYM = Map unit symbol (SSURGO database)  Ksat = Saturated hydraulic conductivity  
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MUKEY MUSYM 
Area 

(acres) 

Percent of 
Basin Area

(%) 

Depth to 
Bedrock 

(cm) 

Uppermost 
Layer Ksat 

(cm/s) 

Percent 
Sand 
(%) 

Percent 
Silt 
(%) 

Percent 
Clay 
(%) 

Percent 
Bare Rock

(%) 
471613 BoD 6,102 14.58 201 9.0 x 10–5 39.1 36.9 24.0 0 
471614 BoE 4,579 10.94 201 9.0 x 10–5 39.1 36.9 24.0 0 
471622 DaE 3,512 8.39 38 9.2 x 10–4 84.0 11.0 5.0 0 
471623 DaF 4,047 9.67 38 9.2 x 10–4 84.0 11.0 5.0 0 
471624 DaG 479 1.14 25 9.2 x 10–4 78.5 16.5 5.0 0 
471627 DdDE 4,110 9.82 38 9.2 x 10–4 84.0 11.0 5.0 0 
471630 DhG 58 0.14 46 9.2 x 10–4 78.5 16.5 5.0 0 
471637 DxF 211 0.50 25 9.2 x 10–4 78.5 16.5 5.0 0 
471638 DxG 27 0.07 25 9.2 x 10–4 78.5 16.5 5.0 0 
471640 FaE 619 1.48 66 2.8 x 10–4 65.9 19.1 15.0 0 
471641 FaF 2,327 5.56 66 2.8 x 10–4 65.9 19.1 15.0 0 
471642 FbE 1,492 3.56 76 2.8 x 10–4 44.3 40.7 15.0 0 
471643 FbF 1,611 3.85 76 2.8 x 10–4 44.3 40.7 15.0 0 
471645 FLG 49 0.12 114 9.2 x 10–4 84.0 11.0 5.0 0 
471646 FrE 64 0.15 117 9.0 x 10–5 68.8 16.2 15.0 0 
471647 FrF 3,491 8.34 38 9.0 x 10–5 68.8 16.2 15.0 0 
471651 HoD 1,322 3.16 201 9.0 x 10–5 39.1 36.9 24.0 0 
471652 HoE 634 1.51 201 9.0 x 10–5 39.1 36.9 24.0 0 
471656 LcF 323 0.77 38 9.0 x 10–5 68.8 16.2 15.0 0 
471661 MbF 84 0.20 127 9.0 x 10–5 44.3 40.7 15.0 0 
471664 PsD 2,846 6.80 201 9.2 x 10–4 84.0 11.0 5.0 0 
471666 Rs 50 0.12 0 No data No data No data No data 100 
471670 SgF 2,810 6.71 66 2.8 x 10–4 65.9 19.1 15.0 0 
471671 SgG 867 2.07% 66 2.8 x 10–4 65.9 19.1 15.0 0 
471676 WpG 137 0.33% 102 9.2 x 10–4 69.1 23.9 7.0 0 
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Table 3-3.  Soil Properties Predicted by Rosetta for Bear Valley Basin Soils 

van Genuchten  
USDA 
Map 

Symbol MUSYM 

Residual 
Water 

Content 

Saturated 
Water 

Content 
α 

(1/cm) n 

Saturated 
Hydraulic 

Conductivity 
(cm/s) 

471613 BoD 0.0693 0.4140 0.0113 1.4594 8.67 x 10–5

471614 BoE 0.0693 0.4140 0.0113 1.4594 8.67 x 10–5

471622 DaE 0.0434 0.3833 0.0391 1.927 1.67 x 10–3

471623 DaF 0.0434 0.3833 0.0391 1.927 1.67 x 10–3

471624 DaG 0.0378 0.3874 0.0424 1.6353 1.02 x 10–3

471627 DdDE 0.0434 0.3833 0.0391 1.927 1.67 x 10–3

471630 DhG 0.0378 0.3874 0.0424 1.6353 1.02 x 10–3

471637 DxF 0.0378 0.3874 0.0424 1.6353 1.02 x 10–3

471638 DxG 0.0378 0.3874 0.0424 1.6353 1.02 x 10–3

471640 FaE 0.0510 0.3835 0.0301 1.3816 3.51 x 10–4

471641 FaF 0.0510 0.3835 0.0301 1.3816 3.51 x 10–4

471642 FbE 0.0528 0.3963 0.0101 1.4996 1.64 x 10–4

471643 FbF 0.0528 0.3963 0.0101 1.4996 1.64 x 10–4

471645 FLG 0.0434 0.3833 0.0391 1.927 1.67 x 10–3

471646 FrE 0.0514 0.3815 0.0315 1.3899 3.79 x 10–4

471647 FrF 0.0514 0.3815 0.0315 1.3899 3.79 x 10–4

471651 HoD 0.0693 0.4140 0.0113 1.4594 8.67 x 10–5

471652 HoE 0.0693 0.4140 0.0113 1.4594 8.67 x 10–5

471656 LcF 0.0514 0.3815 0.0315 1.3899 3.79 x 10–4

471661 MbF 0.0528 0.3963 0.0101 1.4996 1.64 x 10–4

471664 PsD 0.0434 0.3833 0.0391 1.927 1.67 x 10–3

471666 Rs NA NA NA NA NA 
471670 SgF 0.0510 0.3835 0.0301 1.3816 3.51 x 10–4

471671 SgG 0.0510 0.3835 0.0301 1.3816 3.51 x 10–4

471676 WpG 0.0366 0.3883 0.0362 1.4335 6.18 x 10–4

 

USDA = U.S. Department of Agriculture cm = Centimeter(s) 
MUSYM = Map unit symbol (SSURGO database) cm/s = Centimeters per second 
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Table 3-4.  Saturated Hydraulic Conductivity Values for Bedrock Hydrogeologic Units 

   Saturated Hydraulic Conductivity 
Formation Abbreviation Description cm/s m/s ft/d 

Precambrian gneissic rocks gn Gneiss 1.0 x 10–6 1.0 x 10–8 2.6 x 10–3

hd Hornblende diorite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5Mesozoic plutonic rocks and 
Paleozoic quartzite  hqm Hornblende quartz monzonite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5

  mq Quartzite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5

  pqm Porphyritic quartz monzonite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5

  qd Quartzite diorite and granodiorite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5

  qm Quartz monzonite 2.0 x 10–8 2.0 x 10–10 5.7 x 10–5

ml Limestone and dolomite marble 3.66 x 10–8 3.66 x 10–8 1.0 x 10–2

ms Schist and phyllite 3.66 x 10–6 3.66 x 10–8 1.0 x 10–2
Paleozoic metamorphic rocks 
and Mesozoic porhpyry 
complex  

pc Porphyritic andesite to quartz latite 3.66 x 10–6 3.66 x 10–8 1.0 x 10–2

Quaternary clay Qc Playa clay 9.0 x 10–6 9.0 x 10–8 2.6 x 10–2

Qa Alluvium 9.0 x 10–4 9.0 x 10–6 2.6 Quaternary coarse grain 
deposits Qf Alluvial fan gravel 9.0 x 10–4 9.0 x 10–6 2.6 
 Qoa Older alluvium 9.0 x 10–4 9.0 x 10–6 2.6 
 Qof Older alluvial fan gravel 9.0 x 10–4 9.0 x 10–6 2.6 

 

cm/s = Centimeters per second 
m/s = Meters per second  
ft/d = Feet per day 
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Table 3-5.  Gap Analysis Project Codes and Ecological Systems for 
Big Bear Valley Watershed Vegetation Types 

GAP 
Code 

Percent Area 
of Basin 

(%) Vegetation Association GAP Ecological System 

AL 3.22 Bromus–graminoid (grassland) Agricultural land 
BSS 2.97 Artemisia (sagebrush) Big sagebrush scrub 
ILOC 0.15 Quercus (scrub oak) Interior live oak chaparral 
JPF 7.62 Pinus (pine) Jeffrey pine forest 

JPFF 40.71 Pinus (pine) / Abies (fir) Jeffrey pine-fir forest 
MMC 0.19 Artemisia (sagebrush) Mixed montane chaparral 
MPJW 30.63 Piñon–juniper Mojavean piñon and juniper woodlands 
NNG 0.75 Bromus–graminoid (grassland) Non-native grassland 
SOC 0.08 Quercus (scrub oak) Scrub oak chaparral 

SMCF 11.54 Pinus (pine) / Abies (fir) Sierran mixed coniferous forest 
SCSF 1.75 Pinus (pine) Southern California subalpine forest 
SCWF 0.39 Abies (fir) Southern California white fir forest 

 

GAP = Gap Analysis Project (U.S. Geological Survey) 
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Table 3-6.  Rooting Depths of Vegetation Associations 

Vegetation Association 

USGS 
Map 
Code 

Percent 
Area of 
Basin 
(%) 

Rooting
Depth 

(meters) Source 

Agricultural land 
Bromus–graminoid (grassland) 

AGRI 3.22 1.04 Geometric mean maximum rooting depth 
for grasses in water-limited environ-
ments (Schenk and Jackson, 2002) 

Big sagebrush scrub 
Artemisia (sagebrush) 

BSG 2.97 2.14 Geometric mean maximum rooting depth 
for shrubs in water-limited environments 
(Schenk and Jackson, 2002) 

Interior live oak chaparral 
Quercus (scrub oak) 

ILO 0.15 2.14 Geometric mean maximum rooting depth 
for shrubs in water-limited environments 
(Schenk and Jackson, 2002) 

Jeffrey pine forest 
Abies (fir) 

JFP 7.62 1.50 Rundel and Gibson, 1996, pp. 98-99 

Jeffrey pine-fir forest 
Abies (fir) 

JPNF 40.71 1.50 Rundel and Gibson, 1996, pp. 98-99 

Mixed montane chaparral 
Artemisia (sagebrush) 

MXMT 0.19 2.14 Geometric mean maximum rooting depth 
for shrubs in water-limited environments 
(Schenk and Jackson, 2002) 

Mojavean piñon and juniper 
woodlands 
Piñon–juniper 

PJP 30.63 3.27 Geometric mean maximum rooting depth 
for trees in water limited environments 
(Schenk and Jackson, 2002) 

Non-native grassland 
Bromus–graminoid (grassland)  

GRS 0.75 1.04 Geometric mean maximum rooting depth 
for grasses in water-limited environ-
ments (Schenk and Jackson, 2002) 

Scrub oak chaparral 
Quercus (scrub oak) 

SOC 0.08 2.14 Geometric mean maximum rooting depth 
for shrubs in water-limited environments 
(Schenk and Jackson, 2002) 

Sierran mixed coniferous forest 
Abies (fir) 

SMC 11.54 1.50 Rundel and Gibson, 1996, pp. 98-99 

Southern California subalpine 
forest 
Abies (fir) 

SCS 1.75 1.50 Rundel and Gibson, 1996, pp. 98-99 

Southern California white fir 
forest  
Abies (fir) 

SCWF 0.39 1.50 Rundel and Gibson, 1996, pp. 98-99 

USGS = U.S. Geological Survey 
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Table 3-7.  Mean Leaf Stomatal Resistance 

Mean Leaf Stomatal Resistance (s/m) 

Vegetation Association 
USGS Map 

Code 

Percent 
Area of 
Basin 
(%) Initial 

Mid-
Season Late Source 

Agricultural land 
Bromus–graminoid (grassland) 

AL 3.22 352 123 352 Average for Bromus 

Big sagebrush scrub 
Artemisia (sagebrush) 

BSS 2.97 390 233 695 Average of values for drought 
deciduous and evergreen species 

Interior live oak chaparral Quercus 
(scrub oak) 

ILOC 0.15 100 100 100 Assume FAO-56 reference value 

Jeffrey pine forest 
Pinus (pine) 

JPF 7.62 100 100 100 Assume FAO-56 reference value 

Jeffrey pine-fir forest 
Pinus (pine)/Abies (fir) 

JPFF 40.71 100 100 100 Assume FAO-56 reference value 

Mixed montane chaparral Artemisia 
(sagebrush) 

MMC 0.19 390 233 695 Average of values for drought 
deciduous and evergreen species 

Mojavean piñon and juniper 
woodlands 
Piñon - juniper 

MPJW 30.63 100 100 100 Assume FAO-56 reference value 

Non-native grassland 
Bromus - graminoid (grassland)  

NNG 0.75 352 123 352 Average for Bromus 

Scrub oak chaparral 
Quercus (scrub oak) 

SOC 0.08 100 100 100 Assume FAO-56 reference value 

Sierran mixed coniferous forest 
Pinus (pine)/Abies (fir) 

SMCF 11.54 100 100 100 Assume FAO-56 reference value 

Southern California subalpine  
Pinus (pine) 

SCSF 1.75 100 100 100 Assume FAO-56 reference value 

Southern California white fir forest 
Abies (fir) 

SCWF 0.39 100 100 100 Assume FAO-56 reference value 

 

USGS = U.S. Geological Survey 
s/m = Seconds per meter 
NA = Not applicable 
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Table 3-8.  Mean Maximum Plant Height 

Vegetation Association 

USGS 
Map 
Code 

Percent 
Area of 
Basin 
(%) 

Mean 
Maximum 

Plant Height
(meters) Source 

Agricultural land 
Bromus–graminoid (grassland) 

AL 3.22 0.3 Rundel and Gibson, 1996 

Big sagebrush scrub 
Artemisia (sagebrush) 

BSS 2.97 0.6 Rundel and Gibson, 1996 

Interior live oak chaparral 
Quercus (scrub oak) 

ILOC 0.15 6.1 UCSB, 1998 

Jeffrey pine forest 
Abies (fir) 

JPF 7.62 60 Holland, 1986 

Jeffrey pine-fir forest 
Abies (fir) 

JPFF 40.71 60 Holland, 1986 

Mixed montane chaparral 
Artemisia (sagebrush) 

MMC 0.19 0.6 Rundel and Gibson, 1996 

Mojavean piñon and juniper 
woodlands 
Piñon–juniper 

MPJW 30.63 5 Assumed maximum 

Non-native grassland 
Bromus–graminoid (grassland)  

NNG 0.75 0.3 Rundel and Gibson, 1996 

Scrub oak chaparral 
Quercus (scrub oak) 

SOC 0.08 6.1 Tirmenstein, 1999 

Sierran mixed coniferous forest 
Abies (fir) 

SMCF 11.54 60 Holland, 1986 

Southern California subalpine 
forest 
Abies (fir) 

SCSF 1.75 10 Holland, 1986 

Southern California white fir forest 
Abies (fir) 

SCWF 0.39 60 Holland, 1986 

 

USGS = U.S. Geological Survey 
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Table 3-9.  Leaf Area Index and Phenology 

 Leaf Area Index     

Vegetation Association 

USGS 
Map 
Code 

Percent 
Area of 
Basin 
(%) 

Maximum 
Peak 

Average 
Peak 

Minimum 
Peak 

Average 
Dormant 

Start 
Development 

Start 
Mid-Season 

Start Late 
Season 

Start 
Dormancy 

Agricultural land 
Bromus - graminoid (grassland) 

AL 3.22 4.10 0.91 0.40 0.35 Mar Apr Oct Nov 

Big sagebrush scrub 
Artemisia (sagebrush) 

BSS 2.97 2.20 0.93 0.60 0.47 Mar Apr Oct Nov 

Interior live oak chaparral 
Quercus (scrub oak) 

ILOC 0.15 2.60 1.00 0.60 0.44 Oct Jan Jun Jul 

Jeffrey pine forest 
Abies (fir) 

JPF 7.62 13.26 13.26 13.26 13.26 Mar Jun Aug Nov 

Jeffrey pine-fir forest 
Abies (fir) 

JPFF 40.71 14.43 14.43 14.43 14.43 Mar Jun Aug Nov 

Mixed montane chaparral 
Artemisia (sagebrush) 

MMC 0.19 2.20 0.93 0.60 0.47 Mar Apr Oct Nov 

Mojavean piñon and juniper 
woodlands 
(Piñon - juniper) 

MPJW 30.63 2.60 0.92 0.60 0.45 Oct Jan Jul Sep 

Non-native grassland 
Bromus - graminoid (grassland)  

NNG 0.75 4.10 0.91 0.40 0.35 Mar Apr Oct Nov 

Scrub oak chaparral 
Quercus (scrub oak) 

SOC 0.08 2.60 1.00 0.60 0.44 Oct Jan Jun Jul 

Sierran mixed coniferous forest 
Abies (fir) 

SMCF 11.54 14.43 14.43 14.43 14.43 Mar Jun Jul Nov 

Southern California subalpine 
forest 
Abies (fir) 

SCSF 1.75 14.40 14.40 14.40 14.40 Mar Jun Jul Nov 

Southern California white fir 
forest 
Abies (fir) 

SCWF 0.39 15.50 15.50 15.50 15.50 Mar Jun Aug Nov 

 

Sources: DBS&A, 2008; Breuer and Frede, 2003 USGS = U.S. Geological Survey 
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Table 3-10.  General Model Parameters 

Page 1 of 2 

°C/m = Degrees Celsius per meter mm/m = Millimeters per meter 
ft msl = Feet above mean sea level mm = Millimeters 
USGS = U.S. Geological Survey cm = Centimeters 
DEM = Digital elevation model NA = Not applicable 
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Parameter Variable Value Units Comment 

Temperature lapse rate (dry adiabatic lapse rate) CTcor 0.0094 ºC/m From linear regression of DAYMET data 
Elevation of reference weather station elevref 6963 ft msl Elevation of CIMIS station #199 (Big Bear Lake) 
Average elevation for entire basin elevavg 7332 ft msl Average of USGS DEM cells within basin 
Average latitude for entire basin Latavg 34.253 degrees Approximate basin midpoint 
Precipitation coefficient of elevation change CPrecipcor 0.003 mm/m From linear regression of DAYMET data 
Adjustment coefficient in Hargreaves’ radiation 
formula 

Krs 0.19 ºC-0.5 Standard value near a large body of water 

Evaporation layer depth (m) Ze 0.1 meters Depth of the surface soil layer that is subject to drying 
by way of evaporation.  Upper end of range in Allen et 
al. (1998), p. 144 (ranges 0.10 to 0.15 meters) 

Readily evaporable water (mm) REW 8 mm Upper end of range for loamy sand (see Table 19 in 
Allen et al., 1998, p. 144) 

Initial capillary head node 1 IC1 61293 cm Set to wilting point  
Initial capillary head node 2 IC2 61293 cm Set to wilting point  
Initial capillary head node 3 IC3 61293 cm Set to wilting point  
Initial capillary head node 4 IC4 340.5167 cm Set to field capacity  
Depletion factor:  Average fraction of total 
available soil water (TAW) that can be depleted 
from the root zone before moisture stress 
(reduction in evapotranspiration) occurs (0 to 1). 

p 0.5 fraction Varies 0 to 1 but typically ranges 0.30 for shallow rooted 
plants at high crop evapotranspiration (ETc) (>8mm/d) to 
0.70 for deep rooted plants at low values of ETc 
(<3mm/d) with 0.5 in common use. 

Terrain albedo albedo 0.23 NA Reference albedo for green vegetation (Allen et al., 
1998, p. 43) 

Fraction of snowfall that eventually sublimates Csublime 0.15 NA Hood et al., 1999, p. 1794 
Coefficients describing snow melting with 
temperature 

Csnowmelt 2.6 mm/d/ºC Average from 12/1/06 through 4/1/07 using Equation 40 
in HELP manual (Schroeder et al., 1994) 
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Parameter Variable Value Units Comment 

Crop canopy coefficient fc_switch –1 NA –1 = calculate internally by Allen et al., 1998, 
Equation 76 

Minimum transpiration coefficient (Kc) for dry 
surface soil (upper 0.10 to 0.15 meter) with no 
vegetation cover 

Kc_min 0 NA 0 recommended by Allen et al. (1998) for arid 
environments 

Field capacity pressure head head_fc 340.5167 cm ⅓bar 
Wilting point pressure head head_wp 61,293 cm 60 bar 

 

°C/m = Degrees Celsius per meter mm/m = Millimeters per meter 
ft msl = Feet above mean sea level mm = Millimeters 
USGS = U.S. Geological Survey cm = Centimeters 
DEM = Digital elevation model mm/d/°C = Millimeters per day per degree Celsius 
 NA = Not applicable 
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Table 3-11.  DPWM Subunit Results 

 Result (acre-feet) 

Subunit Precipitation  Actual ET Recharge Net Runoff 
Change in 
Storage 

Snow 
Sublimation 

Big Bear Lake       
Division 1,530 1,123 296 -15 26 100 
Gray's Landing 1,645 791 6 732 0 117 
Grout Creek 9,419 4,855 1,394 2,471 29 671 
Mill Creek 8,458 4,776 980 2,105 2 596 
North Shore 7,145 3,439 2,609 547 60 491 
Rathbone 10,951 6,249 3,498 384 21 800 
Village 4,241 2,655 1,120 164 10 293 
Big Bear Lake totals 43,391 23,888 9,902 6,387 147 3,067 

Baldwin Lake       
East Baldwin 8,090 4,486 2,373 568 132 530 
Erwin 22,150 11,584 8,205 518 162 1,681 
Van Dusen 9,744 5,048 2,762 1,128 85 721 
West Baldwin 7,821 5,383 1,652 229 39 517 

Baldwin Lake totals 47,805 26,501 14,992 2,444 419 3,449 

Totals 91,196 50,389 24,894 8,831 566 6,516 
 
ET = Evapotranspiration 
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Table 3-12.  Comparison of Estimated Recharge with USGS-Estimated Recharge and 
Geoscience Estimated Maximum Perennial Yield 

  Maximum Perennial Yield or Estimated Recharge (ac-ft/yr) 

Watershed Subunit 
Geoscience a 

 
USGS BCM a 

(Alluvium) 
USGS BCM a 
(Whole Basin) 

USGS INFILv3 a

(Alluvium) 
USGS INFILv3 a

(Whole Basin) 
DBS&A DPWM
(Whole Basin) 

Big Bear Lake Grout Creek 280 97 1,031 300 512 1,394 
 Gray’s Landing 0–140 5 145 0 2 6 
 Mill Creek 100–175 60 708 452 508 980 
 Village 250 91 349 240 283 1,120 
 Rathbone 1,100 303 1,998 426 1,238 3,498 
 Division 540 b 100 227 26 84 296 
 North Shore 240 c 351 1,172 129 1,287 2,609 

Big Bear Lake subtotal 2,510–2,725 1,008 6,630 1,618 3,971 9,902 

Baldwin Lake Erwin 890–900 178 5,439 1,977 3,404 8,205 
 Van Dusen 800–900 0 1,541 448 1,125 2,762 
 West Baldwin 500–1,000 350 389 277 527 1,652 
 East Baldwin 100 58 1,798 449 545 2,373 

Baldwin Lake subtotal 2,290–2,900 586 9,166 3,150 5,600 14,992 

Combined Big Bear Valley 
Watershed total 

4,800–5,625 1,594 15,796 4,768 9,571 24,894 

 
a Geoscience, 2007 ac-ft/yr = Acre-feet per year 
b Does not include North Shore Tributary Subarea F  USGS = U.S. Geological Survey 
c Does not include North Shore Tributary Subarea F  BCM = Basin Characterization Model 
 DBS&A = Daniel B. Stephens & Associates, Inc. 
 DPWM = Distributed parameter watershed model 
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Table 4-1.  Existing Pipe Breakdown by Diameter per Linear Foot 

 Diameter (inches)  
Material 2 4 6 8 10 12 14 16 20 Total 

Pipeline length 
(linear feet) 1,345 1,416 63,203 235,776 27,600 81,990 1,367 14,094 4,746 431,536

 
 
 
 
 

Table 4-2.  Booster Pump Station Data 

Pump Station 
Number of 

Pumps 
Total Capacity 

(gpm) 
Abbott 3 1,200 
Greenspot 3 1,507 
Hicks 2 1,068 
Peery 4 4,393 
Rowe 3 2,417 
Tanglewood 3 2,070 
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Booster Pump Name To Zone 
Pump 

Manufacturer 
Type of 
Pump 

Motor 
Manufacturer

Horse-
power 

Design 
Flow 
(gpm) 

Design 
Head 
(feet) 

Actual 
Flow 
(gpm) 

Actual 
Head 
(feet) 

Pump 
Efficiency 

(%) 
Date 

Tested 
Installation 

Date 

Abbott Booster #1 Abbott Simflo TB US 5 100 100 100 90 46.4 11/13/08 1995 
Abbott Booster #2 Abbott Simflo TB US 5 100 100 110 99.5 60.5 11/13/08 1995 
Abbott Booster #3 Abbott Simflo TB US 100 1,000 240 995 240 71.3 11/15/08 1995 
Greenspot Booster #1 Greenspot — TB Newman 10 — — 212 123.9 49.1 11/11/08 1981 
Greenspot Booster #2 Greenspot — TB Newman 10 — — 219 115.5 46.6 11/11/08 1981 
Greenspot Booster #3 Greenspot — TB — 40 — — 560 117.7 38.7 11/11/08 1981 
Hicks Booster #1 Hicks Peerless CF Marathon 

Elec. 
15 250 — 314 101.7 50.6 5/29/01 a 1980 

Hicks Booster #2 b Hicks Peerless CF Marathon 
Elec. 

30/25 — — 754 86.6 45.1 — a 1980 

Peery Booster #1 Peery Byron Jackson TB US 30 400 190 600 128 72.3 10/9/07 1985 
Peery Booster #2 Peery Byron Jackson TB US 30 400 190 600 123.9 71.1 10/9/07 1985 
Peery Booster #3 Peery Byron Jackson TB US 75 1,000 190 960 179.3 72.3 10/9/07 1985 
Peery Booster #4 Peery Byron Jackson TB — DFP 3,000 190 2,233 235.6 — — a 1985 
Rowe Booster #1 Rowe Peabody Floway TB US 75 750 265 825 236 75.9 10/9/07 1990 
Rowe Booster #2 Rowe Peabody Floway TB US 75 750 265 801 246 76.9 10/9/07 1990 
Rowe Booster #3 Rowe Peabody Floway TB US 75 750 265 791 246.4 77.1 10/9/07 1990 
Tanglewood Booster #1 Tanglewood — TB Newman 20 — — 390 84 30.5 11/11/08 1979 
Tanglewood Booster #2 Tanglewood — TB — 40 — — 653 87.7 30.3 — a 1979 
Tanglewood Booster #3 Tanglewood — TB — 60 — — 1030 90.8 35.4 — a 1979 

 

a No efficiency test data available TB = Turbine booster CF = Centrifugal 
b Motor repaired and rewound in 2009 — = Information not available DFP = Diesel fire pump 
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Table 4-4.  Well Drilling Data 

Well Name State Designation 
Date 

Drilled 
Depth 
(feet) 

Perforation Depth 
(feet) 

Pump 
Setting 
(feet) 

Casing 
Diameter 
(inches) Sanitary Seal 

Ground 
Elevation 

(feet) 

Vertical Wells 
Well 1 T02N/R01E-02N — 111 — 100 12 — 6,722 
Well 1B T02N/R01E-12 2/2/58 332 100–312 170 16 No 6,722 
Well 2 T02N/R01E-18L 1/11/58 248 40–218 185 16 Yes 6,760 
Well 3 T02N/R01E-12N 3/15/58 324 52–115, 135–240, 304–

316 
143 16 No 6,708 

Well 3A T02N/R01E-12Q01 11/16/87 203 91–129, 136–166 85 8 Yes 6,712 
Well 4 T02N/R01E-2N 12/5/80 112 40–100 90 12 Yes 6,715 
Well 4A T02N/R01E-12M01 11/10/87 150 42–80, 85–106 85 8 Yes 6,713 
Well 5 (inactive) T02N/R01E-11G01 7/1/79 155 75–145 143 8 Yes 6,765 
Well 6 T02N/R01E-12L01 10/30/81 150 80–140 90 10 Yes 6,715 
Well 7A T02N/R01E-15B01 7/16/87 142 48–68, 118–132 105 8 Yes 6,749 
Well 8 State Well #3610008-014 06/25/03 380 90-175, 195-245, 260-360 360 12 Yes 6,710 
Well 9 State Well #3610008-015 07/14/03 536 200-362, 470-516 440 12 Yes 6,760 
Well 10 State Well # 3610008-016 06/08/04 640 195-295, 545-620 315 26 Yes 6,930 
Van Dusen Slant Wells (gravity) 
Van Dusen 1 T02N/R01E-02N 6/26/70 395 NA NA NA Yes 7,000 
Van Dusen 2  8/7/73 400 NA NA NA Yes  
Greenspot Springs (gravity) 
Greenspot T02N/R01E-29D NA NA NA NA NA Surface sealed 6,995 
Fish Hatchery T02N/R01E-3001 NA NA NA NA NA Surface sealed 7,360 

NA = Not applicable — = Information not available 
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Table 4-5.  Vertical Well Pump Data 

Well Name 

Ground 
Elevation 

(feet) 
Pump 

Manufacturer 
Motor 

Manufacturer 
Horse 
power 

Design 
Flow 
(gpm) 

Design 
Head 
(feet) 

Actual 
Flow 
(gpm) 

Actual 
Head 
(feet) 

Pump 
Efficiency 

(%) Date Tested 

Well 1 6,722 Goulds Franklin 20 200 — 232 72.8 21.1 10/17/2007 
Well 1B 6,722 Crown 6 H-300 Franklin 20 300 300 364 85.3 31.8 11/14/2008 
Well 2 6,760 Goulds Franklin 15 100 — 87 279 40.11 10/17/2007 
Well 3 6,708 Goulds Franklin 20 350 100 305 75.5 24.4 11/14/2008 
Well 3A 6,712 Goulds Franklin 15 225 280 150 91.7 34.7 10/17/2007 
Well 4 6,715 Goulds U.S. Motors 5 165 — 205 69.4 57.8 10/17/2007 
Well 4A 6,713 Grunfos 135S Franklin 5 47 86 58 51.2 17.3 11/13/2008 
Well 5 a 6,765 Pioneer Franklin Elec. 2 20 — — — — — b

Well 6 6,715 J-line Hitachi 5 120 — 71 61.9 29.1 10/17/2007 
Well 7A a 6,749 Myers Myers 75 45 — — — — — b

Well 8 6,710 Goulds U.S. Motors 75 550 332 552 204 67.1 11/12/2008 
Well 9 6,760 Christiansen U.S. Motors 20 160 375 160 363 68.0 10/17/2007 
Well 10 6,930 Grunfos Franklin 10 100 260 97 286 64.1 11/13/2008 

 
a Inactive — = Information not available 
b No test data available 
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Table 4-6.  Reservoir Data 

Tank Name 
Year 

Constructed 

Zone 
Served 

by 
Gravity 

Zone 
Served by 
Booster 
Pumps 

Total 
Capacity 
(million 
gallons) 

Base 
Elevation 

(feet) 

Maximum 
Water Surface 

Elevation 
(feet) 

Depth 
(feet) 

Diameter 
(feet) 

Greenspot 1965 Rowe Greenspot 1.0 6,931.0 6,967 36 70 
Hicks 1970 Rowe Hicks 1.14 6,950.0 6,974 24 90 
Peery 1984 Rowe Peery 1.6 6,941.0 6,967 26 105 
Rowe 1989 None Entire 

system 
2.5 6,717.5 6,740.5 24 136 

 
 
 
 
 

Table 4-7.  Disinfection Injection Locations 

Source Location 
Van Dusen slant wells Van Dusen Canyon Road 1 mile north of Hale Drive 
Greenspot Reservoir Hatchery Drive and Glencove Drive 
Rowe Blending Reservoir Grenfall Lane and Paradise Way 
Well 2 East Big Bear Boulevard near Zaca Road 
Well 6 Maltby Boulevard and Pintail Drive 
Well 8 Palomino Drive near Shay Road 
Well 9 Barker Boulevard and Mount Doble Drive 
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Table 5-1.  Tank Hydraulic Attributes 

Model Tank ID  Tank Name  
Diameter 

(feet)  
Base Elevation 

(ft msl)  
Maximum Height 

(feet) 
GRN_RES Greenspot    69 6,931 36 
HIC_RES    Hick 90 6,950 24 
PER_RES   Peery 102 6,941 26 
ROW_RES    Rowe 136 6,718 26 

 

ft msl = Feet above mean sea level 
 
 
 
 

Table 5-2.  Pump Hydraulic Attributes 

Model Pump 
ID Pump Description 

Elevation 
(ft msl) 

Design 
Head 
(feet) 

Design 
Flow 
(gpm) 

ABB_BP1 Abbott Booster Pump 1 6,830 80.4 128 
ABB_BP2 Abbott Booster Pump 2 6,830 84.3 128 
BBC_W02 Well Pump 2 6,758 279 87 
BBC_W09 Well Pump 9 6,731 236 825 
BBC_W3B Well Pump 3B 6,708 91.7 150 
BCC_W05 Well Pump 5 6,760 143 20 
BCC_W7A Well Pump 7A 6,746 105 45 
GRN_FP Greenspot Fire Pump 6,931 83.2 1,091 
GRN_P1 Greenspot Booster Pump 1 6,931 129.3 201 
GRN_P2 Greenspot Booster Pump 2 6,931 135.1 215 
HIC_BP1 Hicks Booster Pump 1 6,950 101.7 314 
HIC_BP2 Hicks Booster Pump 2 6,950 101.7 314 
HIC_FP Hicks Fire Pump 6,950 86.6 754 
PER_FP Peery Fire Pump 6,941 235.6 2,233 
PER_P1 Peery Booster Pump 1 6,941 128 600 
PER_P2 Peery Booster Pump 2 6,941 124 600 
PER_P3 Peery Booster Pump 3 6,941 195.2 960 
ROW_BP1 Rowe Booster Pump 1 6,718 236 825 
ROW_BP2 Rowe Booster Pump 2 6,718 246 801 
ROW_BP3 Rowe Booster Pump 3 6,718 264.4 791 
TAN_BP1 Tanglewood Booster Pump 1 6,800 73.9 387 

 

ft msl = Feet above mean sea level 
gpm = Gallons per minute 
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Table 5-3.  Pressure Zone Break Locations 

Pressure Zone Break Location 
Greenspot and Main Willow Lane, South of Manzanita Lane 
Abbott and Main Beaumont Lane, North of Kean Way 
Abbott and Main Shakespeare Lane 
Peery and Main Lofty View Drive, North of Panorama Drive 
Abbott and Main Rainbow Boulevard, East of Deerhorn Drive 
Peery and Main San Martin Drive, West of St. Cloud Circle 
Tanglewood and Main Meadowbrook Drive, North of Baskin Court 
Abbott and Main Marlowe Drive, South of Barrymore Road 
Peery and Main Kayah Drive, West of Mann Drive 
Peery and Main Pine Lane, West of Mann Drive 
Abbott and Main Bernhardt Lane, South of Garrick Way 
Abbott and Main Adams Drove and Barrymore Road 
Restricted and Main South of Well 4A 
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Table 5-4.  Average Day Demand Allocation by Pressure Zone 

Pressure Zone or Top User 
Percentage of System 

Demand Demand (gpm) 
Hicks 2.8 21.3 
Peery a 6.6 50.9 
Abbott 1.4 10.4 
Greenspot 6.3 48.5 
Tanglewood 0.4 3.4 
Whispering Pines 4.6 35.6 
Big Bear H.S. 2.5 19.5 
Stickleback Pond 1.2 9 
Remaining System b 74.1 568.9 

Total 100 767.5 
 

a Peery Pressure Zone, excluding demand from Whispering Pines and Big Bear H.S. 
b Main Pressure Zone, excluding demand from the Stickleback Fish Environment large user. 
gpm = Gallons per minute 

 
 
 

Table 5-5.  Average Day Demand Point Demand Allocation 

Large User Junction ID Demand (gpm) 
Whispering Pines 426 35.6 
Big Bear H.S. 612 19.5 
Stickleback Pond 466 9 

 

gpm = Gallons per minute 
 
 
 

Table 5-6.  Hydrant Test Scenario Demands 

Test Time of Test 
Adjusted Demand 

(gpm) 
Demand Factor 

Adjustment Fire Flow (gpm) 
Test 1 8:38 – 8:47 a.m. 829 0.54 1,250 
Test 2 9:20 – 9:34 a.m. 911 0.59 2,250 
Test 3 9:58 – 10:07 a.m. 765 0.50 2,495 
Test 4 10:44 – 10:54 a.m. 765 0.50 2,870 
Test 5 1:23 – 1:38 p.m. 845 0.55 980 
Test 6 11:18 – 11:30 a.m. 769 0.50 1,865 

gpm = Gallons per minute 
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Table 5-7.  Summary of Total Calibration Results 

Calibration Criteria 
Static 

Number 
Static 

% 
Dynamic 
Number

Dynamic 
% 

Overall 
Number

Overall 
% 

Difference 
in Pressure 

Drop 
Pressure 
Drop % 

Number of sites 36 — 37 — 73 — 36 — 
Within 5 psi  7 75 27 73 54 74 32 89 
Between 5 and 10 psi 9 25 10 27 19 26 4 11 
Greater than 10 psi 0 0 0 0 0 0 0 0 

— = Not applicable 
psi = Pounds per square inch 
 
 
 

Table 5-8.  Master Planning Scenarios 

Demand Condition Model Scenario Name 
Existing average day demand EX_SS_ADP 
Existing maximum day demand EX_SS_MDP 
Existing peak hour demand EX_SS_PHP 
Existing maximum day demand + fire flow EX_SS_MDP+FF 
2013 average day demand 2013_SS_ADP 
2013 maximum day demand 2013_SS_MDP 
2013 peak hour demand 2013_SS_PHP 
2013 maximum day demand + fire flow 2013_SS_MDP+FF 
2030 average day demand 2030_SS_ADP 
2030 maximum day demand 2030_SS_MDP 
2030 peak hour demand 2030_SS_PHP 
2030 maximum day demand + fire flow 2030_SS_MDP+FF 

 
 
 

Table 5-9.  Master Plan Total System Demands 

 Demand (gpm) 
Planning Year ADD MDD PHD 

Existing 767.5 1,535 3,070 
2013 810.3 1,620.6 3,241.2 
2030 1,116 2,232 4,464 

 
gpm = Gallons per minute MDD = Maximum day demand 
ADD = Average day demand PHD = Peak hour demand 
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Table 5-10.  Summary of Base Analysis Runs 

Scenario 
Model 

Facility Set Model Simulation Run System Demands 
EX_SS_MDD EX_FAC Steady-state Existing maximum day 
EX_SS_MDP+FF EX_FAC Steady-state FF analysis Existing maximum day plus fire flow 
2013_SS_MDD 2013_FAC Steady-state 2013 maximum day 
2013_SS_MDP+FF 2013_FAC Steady-state FF analysis 2013 maximum day plus fire flow  
2030_SS_MDD 2030_FAC Steady-state 2030 maximum day 
2030_SS_MDP+FF 2030_FAC Steady-state FF analysis 2030 maximum day plus fire flow  

 
 
 
 
 

Table 5-11.  Summary of Improved Analysis Runs 

Scenario 
Model Facility 

Set Model Simulation Run System Demands 
EX_SS_MDD IMP_FAC Steady-state Existing maximum day 
EX_SS_MDP+FF IMP_FAC Steady-state FF analysis Existing maximum day plus fire flow 
2013_SS_MDD 2013_IMP_FAC Steady-state 2013 maximum day 
2013_SS_MDP+FF 2013_IMP_FAC Steady-state FF analysis 2013 maximum day plus fire flow  
2030_SS_MDD 2030_IMP_FAC Steady-state 2030 maximum day 
2030_SS_MDP+FF 2030_IMP_FAC Steady-state FF analysis 2030 maximum day plus fire flow  
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Table 5-12.  Commercial Zone Hydrants Flowed Simultaneously to 
Achieve Target Fire Flow Capacity 

Target Hydrant Adjacent Hydrant 

Total Simultaneous 
Fire Flow 

(gpm) 
77 78 5,100 

713 28 3,200 
341 540 7,800 
28 713 3,200 

224 225 4,700 
193 J-192 3,000 
166 165 5,900 
538 537 1,455 a

a Still deficient, needs improvements 
gpm = Gallons per minute 

 
 
 
 

Table 5-13.  High Elevation Hydrants 

Hydrant 
Junction 
Model ID 

Available 
Fire Flow  

(gpm) Location Resolution 
196 1,495 Hilltop Lane and Sawmill Boulevard CIP G.1 (Section 7.9) 
N-36 1,461 West end of Shady Lane Superintendent deemed available 

flow to be adequate 
469 954 Monmouth Road CIP G.15 ( Section 7.9) 
554 402 Mariposa Lane and Hemlock Lane CIP G.12 (Section 7.9) 

gpm = Gallons per minute 
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Table 6-1.  BBCCSD Design Criteria 

Element Design Criteria 
System pressure • Goal for normal system pressure range: 40 to 120 pounds per square 

inch (psi). 
 • Goal for minimum pressure during fire: 20 psi. 
 • Goal for maximum pressure during minimum hour: 150 psi or pipeline 

pressure class, whichever is less. 
 • Daily pressure fluctuations: 20 psi maximum. 
Supply • Combined production capacity of maximum day demand (MDD) with 

largest single source out of service. 
 • Combined production capacity sufficient to refill emergency and fire 

storage in two days with all sources operating. 
Storage capacity • Operational: 30 percent of MDD. 
 • Fire flow: based upon land use. 
 • Emergency: 24 hours at MDD. 
Booster pumping stations  • If gravity storage is available: capacity equals MDD within each pressure 

zone with largest single pump out of service. 
 • If gravity storage is not available: capacity equals MDD within each 

pressure zone plus fire flow or peak hour demand (PHD), whichever is 
greater, with largest pump out of service. 

Pressure reducing stations  • Capacity equals MDD or PHD within the continuous rating of valves. 
Maximum intermittent flow rating of valves is acceptable for fire flows. 
Allowance made for low flows. 

Pipeline sizes • Use standard pipe diameters of 6, 8, 12, and 16 inches for distribution.  
Transmission mains • Sized to meet MDD for pumping plant discharge lines. 
 • Sized for MDD plus fire flow or PHD, whichever is greater. 
 • For reservoir inlet-outlet, velocity = 4 to 6 feet per second (fps). 
Distribution mains • Sized to meet MDD plus fire flow or PHD, whichever is greater. 
 • Maximum velocity: 10 fps, except under fire flow conditions. 
Fire hydrant spacing • Single-family residential and duplexes: 600 feet on center 
 • All others, 300 feet on center 
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Table 7-1.  Supply Data 

Design Flow Required Flow (mgd) 

Source Name Horsepower ac-ft/yr gpm Existing 
Near-
Term Ultimate 

Well 1 20 323 200 0.29 0.29 0.29 
Well 1B 20 484 300 0.43 0.43 0.43 
Well 2 15 161 100 0.14 0.14 0.14 
Well 3 20 565 350 0.50 NA NA 
Well 3A 15 242 150 0.22 0.22 0.22 
Well 3B TBD 1,145 416 NA 0.60 1.51 
Well 4 5 266 165 0.24 0.24 0.24 
Well 4A 5 76 47 0.07 0.07 0.07 
Well 6 5 194 120 0.17 0.17 0.17 
Well 7A 75 73 45 0.06 0.06 0.06 
Well 8 75 887 550 0.79 0.79 0.79 
Well 9 20 258 160 0.23 0.23 0.23 
Well 10 10 161 100 0.14 0.14 0.14 
Sugarloaf well TBD 484 300 NA 0.43 0.43 
Van Dusen slant wells No pump 223 138 0.20 0.20 0.20 
Greenspot Springs No pump 278 172 0.25 0.25 0.25 

   Total 3.74 4.27 5.18 
 Total minus largest source 2.95 3.48 3.67 

 
ac-ft/yr = Acre-feet per year mgd = Million gallons per day TBD = To be determined 
gpm = Gallons per minute NA = Not applicable  

 
 
 
 

Table 7-2.  Analysis of Supply 

Maximum Day Demand (MDD) Criterion Two-Day Criterion 

Planning 
Period 

Supply Minus 
Largest Source 

(mgd) 

System 
MDD a 

(mgd) 

Surplus or 
(Deficit) 

(mg) 

All Supply 
Sources 
(mgd) 

Emergency + 
Fire Storage b 

(mg) 

2 Days > 
Refill 

(days) 
Existing 2.95 2.21 0.74 3.74 2.75 0.7 
Near-term 3.48 2.34 1.14 4.27 3.06 0.7 
Ultimate 3.67 2.90 0.77 5.18 3.77 0.7 

 
a Average day demand (ADD) times a peaking factor of 2.0 (Section 2). mgd = Million gallons per day 
b Calculations based on data  presented in Sections 7.2, 7.7, and 7.10   mg = Million gallons 
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Table 7-3.  Data on Fluoride-Blending Wells 

 Fluoride Concentration (mg/L) 
Well ID Average  Maximum 

Design Flow  
(gpm) 

Well 1 0.28 0.40 230 
Well 1B 3.64 5.10 350 
Well 3B 7.50 7.50 1,050 
Well 3A 2.82 3.20 155 
Well 4 0.13 0.18 205 
Well 4A 1.62 2.30 55 
Well 6 0.67 0.77 145 
Well 8 0.31 0.32 550 
Well 10 0.04 0.32 95 

 
mg/L = Milligrams per liter 
gpm = Gallons per minute 

 
 
 
 

Table 7-4.  Restricted Main Pipe Capacities 

Pipe 
Segment 
Number 

Length 
(feet) 

Existing 
Diameter 
(inches) 

Combined 
Flow 
(gpm) 

Existing 
Velocity 

(fps) 

Existing 
Head Loss 

(feet) Recommendation 
1 1,300 8 500 3.2 5.1  
2 2,000 12 2,770 7.9 25.0 Add parallel 10-inch pipe 
3 700 8 2,150 13.7 41.2 Add parallel 12-inch pipe 
4 1,200 8 1,750 11.2 48.3 Add parallel 10-inch pipe 
5 8,000 12 550 1.6 5.2  
6 6,000 10 400 1.6 5.3  

gpm = Gallons per minute 
fps = Feet per second 
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Table 7-5.  Well Pump Efficiency Analysis 

Well 
Name 

Horse 
Power 

Design Flow 
(gpm) 

Design 
Head 
(feet) 

Actual 
Flow 
(gpm) 

Actual 
Head 
(feet) 

Pump 
Efficiency 

(%) 
Date 

Tested 
Well 4A 5 47 86 58 51.2 17.3 11/13/2008
Well 1 20 200 — 232 72.8 21.1 10/17/2007
Well 6 5 120 — 71 61.9 29.1 10/17/2007
Well 1B 20 300 300 364 85.3 31.8 11/14/2008
Well 3A 15 225 280 150 91.7 34.7 10/17/2007
Well 2 15 100 — 87 279 40.11 10/17/2007
Well 4 5 165 — 205 69.4 57.8 10/17/2007
Well 10 10 100 260 97 286 64.1 11/13/2008
Well 7A 75 45 — — — — — a 

 

 a No test data available gpm = Gallons per minute 
 — = Information not available 
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Table 7-6.  Analysis of Storage for Existing Requirements 

Fire Storage e
Operational   

Storage f

Zone Tanks 

Total 
Usable 
Gravity 

Storage a 
(mg) 

Average 
Annual 

Demand a

(ac-ft/yr) 
ADD c

(mgd) 
MDD d

(mgd) (gpm) (hrs) (mg) (mg) 

Emergency 
Storage g 

(mg) 

Total 
Required 
Storage h 

(mg) 

Surplus or 
(Deficit) i 

(mg) 

Equivalent 
ADD 

(days) 

Rowe Rowe 2.50 1,027 0.917 1.83 3,000 3 0.54 0.55 1.83 2.92 (0.42) 2.73 
Hicks Hicks 1.14 32 0.029 0.06 1,500 2 0.18 0.02 0.06 0.25 0.89 39.90 
Tanglewood 0 0.00 4 0.004 0.01 1,500 2 0.18 0.00 0.01 0.19 (0.19) 0.00 
Abbot 0 0.00 15 0.013 0.03 1,500 2 0.18 0.01 0.03 0.21 (0.21) 0.00 
Peery Peery 1.60 82 0.073 0.15 3,000 3 0.54 0.04 0.15 0.73 0.87 21.85 
Greenspot Greenspot 1.00 78 0.070 0.14 1,500 2 0.18 0.04 0.14 0.36 0.64 14.36 

Total 6.24 1,238 1.11 2.21   1.80 0.66 2.21 3.41 1.57 5.65 
 

a Capacity of existing tanks at established high water lines ADD = Average day demand mg = Million gallons 
b Demand by pressure zone (Section 4) MDD = Maximum day demand ac-ft/yr = Acre-feet per year 
c Average day demand, conversion of average annual demand from ac-ft/yr to mgd  mgd = Million gallons per day 
d Maximum day demand, ADD times a peaking factor of 2.0 (Section 2)  gpm = Gallons per minute 
e Flow times duration of fire flow as required by the Fire Marshal (Section 4)  hrs = Hours 
f 30% of MDD (Section 6)   
g One day of MDD (Section 6)   
h Sum of fire, operational, and emergency storage   
i Total usable gravity storage minus total required storage   
j Total usable gravity storage divided by ADD; must be greater than 3 days   
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Table 7-7.  Existing Booster Pumps 

Booster Pump Name Data Source Status 
Flow  
(gpm) 

Abbott Booster 1 Design flow Online 100 
Abbott Booster 2 Design flow Online 100 
Abbott Booster 3 Design flow Online 1,000 
Greenspot Booster 1 Actual flow Online 212 
Greenspot Booster 2 Actual flow Online 219 
Greenspot Booster 3 Actual flow Online 560 
Hicks Booster 1 Design flow Online 250 
Hicks Booster 2 Design flow Online 754 
Peery Booster 1 Design flow Online 400 
Peery Booster 2 Design flow Online 400 
Peery Booster 3 Design flow Online 1,000 
Peery Booster 4 Design flow Online 3,000 
Rowe Booster 1 Design flow Online 750 
Rowe Booster 2 Design flow Online 750 
Rowe Booster 3 Design flow Online 750 
Rowe Booster 4 Empty bay Empty bay 0 
Tanglewood Booster 1 Actual flow Online 390 
Tanglewood Booster 2 Actual flow Online 653 
Tanglewood Booster 3 Actual flow Online 1,030 

gpm = Gallons per minute 
 
 

Table 7-8.  Analysis of Booster Pumps for Existing Requirements 

  Required Capacity (gpm)  
No Gravity Storage, the 

greater of: 
Zone 

Booster 
Pump 

Numbers 

Maximum Flow 
per Zone minus 
Largest Pump 

(gpm) 

Gravity 
Storage: 

MDD MDD+FF PHD 

Surplus or 
(Deficit) a 

(gpm) 
Rowe 2, 3 1,500 1,274 NA NA 226 
Hicks 2 754 NA 1,540 77 (786) 
Tanglewood 1, 3 1,420 NA 1,505 10 (85) 
Abbott 1, 3 1,100 NA 1,519 36 (419) 
Peery 1, 2, 4 3,800 NA 3,102 198 698 
Greenspot 1, 3 772 NA 1,597 189 (825) 

 

a Maximum flow minus required capacity gpm = Gallons per minute 
 MDD = Maximum day demand 
 MDD+FF = Maximum day demand plus fire flow 
 PHD = Peak hour demand 
 NA = Not applicable 
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Table 7-9.  Booster Pump Efficiency Analysis 

Booster Pump Name To Zone 
Type of 
Pump 

Horse-
power 

Design 
Flow 
(gpm) 

Design 
Head 
(feet) 

Actual 
Flow 
(gpm) 

Actual 
Head 
(feet) 

Pump 
Efficiency 

(%) Date Tested 

Tanglewood Booster 2 Tanglewood TB 40 — — 653 87.7 30.3 — a

Tanglewood Booster 1 Tanglewood TB 20 — — 390 84 30.5 11/11/2008 
Tanglewood Booster 3 Tanglewood TB 60 — — 1,030 90.8 35.4 — a

Greenspot Booster 3 Greenspot TB 40 — — 560 117.7 38.7 11/11/2008 
Abbott Booster 1 Abbott TB 5 100 100 100 90 46.4 11/13/2008 
Greenspot Booster 2 Greenspot TB 10 — — 219 115.5 46.6 11/11/2008 
Greenspot Booster 1 Greenspot TB 10 — — 212 123.9 49.1 11/11/2008 
Hicks Booster 1 Hicks CF 15 250 — 314 101.7 50.6 5/29/2001 
Abbott Booster 2 Abbott TB 5 100 100 110 99.5 60.5 11/13/2008 
Peery Booster 4 Peery TB DFP 3,000 190 2,233 235.6 Unknown — a

 
a Data taken from 1991 Water Master Plan TB = Turbine booster  CF = Centrifugal 
 — = Information not available DFP = Diesel fire pump 
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Table 7-10.  2-inch Steel Pipe Replacement Data 

 Alignment Location 
Length 
(feet) 

Diameter 
(inches) Additional Information 

1 Nana Ave., between Meadow Ln. and North Shore Dr. 870 8 Install hydrant at mid-block 
2 Peter Ave., between Meadow Ln. and North Shore Dr. 920 8 Install hydrant at mid-block 
3 Myrtle Ave., between Meadow Ln. and North Shore Dr. 1,630 8 Install hydrant at mid-block 
4 Fairway Blvd., between Greenway Dr. and Paradise Way 1,640 8 Install hydrant at Gold 

Mountain Dr. 
5 Barranca Blvd., between Country Club Blvd. and Shay Rd. 1,700 8 Install hydrant at 1208 

Barranca Blvd. 
6 Paradise Way, between Tiger Lily Ave. and North Shore Dr. 860 8 Install hydrant at back 

fence line 
7 Pan Springs Ln., between Tiger Lily Ave. and Cinderella Dr. 540 8 Install hydrant at back 

fence line 
8 North Shore Drive, between Greenway Dr. and Sierra Ave. 370 8  
9 North Shore Drive, between Michael Ave. and Wendy Ave. 1,650 8  
10 North Shore Dr., between Sequoia Dr. and Gold Mountain 

Dr. 
480 8  

11 W. Cinderella Dr., between Peter Ave. and Michael Ave. 230 8  
12 Mullins Dr., between Nana Ave. and Michael Ave. 730 8  
13 Curly Ave., between Nana Ave. and Michael Ave. 730 8  
14 Myrtle Ave., between Pioneer Ln. and North Shore Dr. 840 8  
15 Sierra Ave., between Pioneer Ln. and North Shore Dr. 450 8  
16 Nana Ave., between Tiger Lily Dr. and North Shore Dr. 540 8  
17 Tinkerbell Ave., between Tiger Lily Dr. and North Shore Dr. 380 8  
18 Tinkerbell Ave., between Meadow Ln. and North Shore Dr. 1,000 8  
19 Michael Ave., between Meadow Ln. and North Shore Dr. 1,070 8  
20 Coy Ln., between Anita Ave. and Greenway Dr. 560 8  
21 Cinderella Dr., between Hugo Ln. and Paradise Way 620 8  
22 Aeroplane Blvd., between Division Dr. and Pineview Dr. 2,050 8  
23 Fairway Blvd., between Division Dr. and Keiner Dr. 2,810 8  
24 Gildhart Dr., between Aeroplane Blvd. and Big Bear Blvd. 230 8  
25 Winding Ln. 1,400 8  
26 Mojave Blvd., between Mt. Doble Dr. and Paradise Way 1,180 8  
27 Mountain View Blvd., west of Mt. Doble Dr. 140 8  
28 Angeles Blvd., between Paradise Way and west of Mt. 

Doble Dr. 
1,260 8  

29 Gold Mountain Dr., north of Mountain View Blvd. 200 8  
30 Elysian Blvd., east of Shore Dr. 460 8  
31 Mt. Doble Dr., between Cinderella Dr. and North Shore Dr. 350 8  
32 Gold Mountain Dr., between Cinderella Dr. and North Shore 

Dr. 
430 8  

33 Bowles Dr., between Aeroplane Blvd. and Valley Blvd. 880 8  
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Table 7-11.  Cohila Pressure Zone Maximum Day Demand 

Area 
MDD 
(gpd) 

Tanglewood 7,838 
Abbot 29,423 
Saw Mill Creek Estates 97,142 
Area 12 (Hillen Dale) 95,142 
Portions of Rowe Pressure Zone a 265,126 b

Total 494,671 
a Approximately 110 acres of single-family residential 
b See  calculation below. RoweV

( )( ) gallons
days

year
ft

gal
acre

ft
acre

AFYacresWDFAPFVRowe 126,265
365

.48.7560,4335.11100.2 3

2
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⎠
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where VRowe = the required volume of the Rowe Reservoir 
 PF = the peaking factor for maximum day demand (see Section 6.1) 
 A = area in acres 

 WDF = single family residential water duty factor (see Section 2.6) 
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Table 7-12.  Analysis of Storage for Near-Term Requirements 

Fire Storage 

Zone Tanks 

Total 
Usable 
Gravity 
Storage 

(mg) 

Average 
Annual 

Demand 
(ac-ft/yr) 

ADD 
(mgd) 

MDD 
(mgd) (gpm) (hrs) (mg) 

Operational 
Storage a 

(mg) 

Emergency 
Storage b 

(mg) 

Total Required 
Storage c 

(mg) 

Surplus 
or 

(Deficit) d

(mg) 

Equivalent. 
ADD e 

(days) 

Rowe Rowe 2.50 969 0.865 1.73 3,000 3 0.54 0.52 1.73 2.79 (0.29) 2.89 
Hicks Hicks 1.14 32 0.029 0.06 1,500 2 0.18 0.02 0.06 0.25 0.89 39.90 
Peery Peery 1.60 82 0.073 0.15 3,000 3 0.54 0.04 0.15 0.73 0.87 21.85 
Greenspot Greenspot 1.00 78 0.070 0.14 1,500 2 0.18 0.04 0.14 0.36 0.64 14.36 
Cohila Cohila 1 0.60 148 0.132 0.26 1,500 2 0.18 0.08 0.26 0.52 0.08 4.54 

Total 6.84 1,309.10 1.17 2.34   1.62 0.70 2.34 4.66 2.18 5.85 
 

a 30% of the MDD. ADD = Average day demand mg = Million gallons 
b 100% of the MDD. MDD = Maximum day demand ac-ft/yr = Acre-feet per year 
c Fire storage plus operational storage plus emergency storage  mgd = Million gallons per day 
d Total usable gravity storage minus total required storage  gpm = gallons per minute 
e Total usable gravity storage divided by ADD ; must be greater than 3 days  hrs = Hours 
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Table 7-13.  Analysis of Booster Pumps for Near-Term Requirements 

  Required Capacity (gpm)  
Non-Gravity Storage, the 

greater of: 
Zone 

Booster 
Pump 

Numbers 

Maximum Flow 
per Zone minus 
Largest Pump 

(gpm) 
Gravity 

Storage:  MDD+ FF PHD 

Surplus or 
(Deficit) a 

(gpm) 
Rowe 2, 3 1,500 1,202 NA NA 298 

Hicks 2, 3 1,550 NA 1,540 77 10 

Peery 1, 2, 4 3,800 NA 3,102 198 698 

Greenspot 1, 3 1,712 NA 1,597 189 115 
Cohila 1 200 184 NA NA 16 

 

a Maximum flow minus required capacity gpm = Gallons per minute 
 MDD = Maximum day demand 
 MDD+FF = Maximum day demand plus fire flow 
 PHD = Peak hour demand 
 NA = Not applicable 
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Table 7-14.  Analysis of Storage for Ultimate Requirements 

Fire Storage 
Zone Tanks 

Total 
Usable 
Gravity 
Storage 

(mg) 

Average 
Annual 

Demand 
(ac-ft/yr) 

ADD 
(mgd) 

MDD 
(mgd) (gpm) (hrs) (mg) 

Operational 
Storage a 

(mg) 

Emergency 
Storage b 

(mg) 

Total Required 
Storage c 

(mg) 

Surplus or 
(Deficit) d 

(mg) 

Equivalent. 
ADD e 

must be 
> 3 days 
(days) 

Rowe Rowe 2.50 1,015 0.906 1.81 3,000 3 0.54 0.54 1.81 2.90 (0.40) 2.76 
Hicks Hicks 1.14 33 0.029 0.06 1,500 2 0.18 0.02 0.06 0.26 0.88  38.69 
Peery Peery 1.60 90 0.080 0.16 3,000 3 0.54 0.05 0.16 0.75 0.85  19.91 
Greenspot Greenspot 1.00 85 0.076 0.15 1,500 2 0.18 0.05 0.15 0.38 0.62  13.18 
Cohila Cohila 1, 2 1.00 277 0.247 0.49 1,500 2 0.18 0.15 0.49 0.82 0.18  4.04 
Section 16 0 0.00 120 0.107 0.22 1,500 2 0.18 0.07 0.22 0.47 (0.47) 0.00 

Total 7.24 1,620 1.45 2.90     1.80 0.87 2.90 5.57 1.67 5.01 
 

a 30% of the MDD. ADD = Average day demand mg = Million gallons 
b 100% of the MDD. MDD = Maximum day demand ac-ft/yr = Acre-feet per year 
c Fire storage plus operational storage plus emergency storage  mgd = Million gallons per day 
d Total usable gravity storage minus total required storage  gpm = gallons per minute 
e Total usable gravity storage divided by ADD  hrs = Hours 
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Table 7-15.  Analysis of Booster Pumps for Ultimate Requirements 

  Required Capacity (gpm)  
Non-Gravity Storage, the 

greater of: 
Zone 

Booster 
Pump 

Numbers 

Maximum Flow 
per Zone minus 
Largest Pump 

(gpm) 

Gravity 
Storage 

MDD  MDD+ FF PHD 

Surplus or 
(Deficit) a 

(gpm) 
Rowe 2, 3 1,500 1,259 NA NA 241 
Hicks 2, 3 1,550 NA 1,541 80 9 
Peery 1, 2, 4 3,800 NA 1,612 218 2,188 
Greenspot 1, 3 1,712 NA 1,605 206 107 
Cohila 1, 2 400 344 NA NA 56 
Section 16 None 0 156 NA NA (156) 

 

a Maximum flow minus required capacity gpm = Gallons per minute 
 MDD = Maximum day demand 
 MDD+FF = Maximum day demand plus fire flow 
 PHD = Peak hour demand 
 NA = Not applicable 
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Table 7-16.  Existing Capital Improvement Projects 

  Capital Cost ($1,000) by Fiscal Year (July to June)  

Description Justification 
2008 
Est. 09-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24 24-25 25-26 26-27 27-28 28-29 29-30 

A.  Supply                        
1. Restricted Main upgrade Well pump efficiency 698 73 75 78 82 85 88 92 95 99 103            
2. Fluoride treatment facility Health standards 2,000     243 253 263 274 285 296 308 320 333 346        
3. Well pump rehabilitation As needed 450 22 23 24 25 26 27 28 29 30 32 33 34 36 37 39 40 42 43 45 47 49 
4. Well contamination study Health standards 20 21                     
5. Equip Well 3B Increase capacity 300   169 175                  
B.  Pump Stations                        
1. Hicks Booster 2A (new 

1,300-gpm fire pump) 
Improve fire flows 30 31                     

2. Hicks Booster 3A (new 
250-gpm booster pump) 

Increase redundancy 22  24                    

3. Greenspot Boosters 
(2 boosters and 1 fire pump) 

Improve fire flows 74 26 27 28                   

4. Booster pump rehabilitation As needed 220 11 11 12 12 13 13 14 14 15 16 16 17 17 18 19 20 20 21 22 23 24 
C.  Distribution Pipeline Improvements                       
1. State Lane Improve fire flows 536    157 163 169 176               
2. Michael Avenue Improve fire flows 1,224        335 348 362 377 392          
3. Cinderella Drive Improve fire flows 561             467 485        
4. Greenway Drive Hydrant spacing 458               824       
5. Fern Lane Improve fire flows 162                303      
6. Division Drive Improve fire flows 1,133                708 736 765    
7. Maltby Boulevard Improve fire flows 477                   1,006   
8. Barrett Way Improve fire flows 660                    724 752 
9. Mountain View Boulevard Improve fire flows 377                    413 430 
10. 2-inch steel pipe 

replacement 
As needed 4,602 228 237 247 256 267 277 288 300 312 324 337 351 365 380 395 410 427 444 462 480 499 

D.  Meter Replacement  Reduce water loss 2,280    267 277 288 300 312 325 337 351 365 380         

 Total 16,284 412 397 558 974 1,074 1,115 1,161 1,359 1,414 1,470 1,422 1,479 1,598 1,266 1,277 1,481 1,225 1,273 1,535 1,687 1,754 
 
Notes: 1. Capital cost = 1.35 x construction cost 
 2. Costs escalated at 4% per year 
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Table 7-17.  Near-Term and Ultimate Capital Improvement Projects 

  Capital Cost ($1,000) by Fiscal Year (July to June) 

Description Justification 
2008 
Est. 09-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24 24-25 25-26 26-27 27-28 28-29 29-30 

E.  Reservoirs                        
1. Cohila Reservoir 1 (0.6 mg) New pressure zone 750     304 316 329               
2. Cohila Reservoir 2 (0.4 mg) New pressure zone 500        342 356             
3. Section 16 Reservoirs 

(2 @ 0.25 million gallons) 
New pressure zone 625                   439 456 475 

F.  Pump Stations                        
1. Cohila Boosters, Phase 1 

(two 200-gpm boosters) 
New pressure zone 44     18 19 19               

2. Cohila Boosters, Phase 2 
(one 200-gpm booster) 

New pressure zone 22        15 16             

3. Section 16 Boosters  
(three 75-gpm boosters) 

New pressure zone 66                   46 48 50 

G.  Distribution Pipeline Improvements                       
1. Cohila pipelines, Phase 1 New pressure zone 2,439     989 1,028 1,070               
2. Cohila pipelines, Phase 2 New pressure zone 520        356 370             
3. Wendy  Drive Complete main line 188          278            
4. Big Bear  Boulevard system 275          407            
5. Meadow Drive Improve fire flows 316           486           
6. Hale Drive Improve continuity 135           208           
7. Woodland Drive Improve fire flows 104            166          
8. Arbor Lane Improve fire flows 455            729          
9. Fariway Boulevard Improve fire flows 67             111         
10. Greenspot Road Improve fire flows 42             70         
11. Downey Drive Improve fire flows 251             418         
12. Mariposa Lane Improve fire flows 505              874        
13. Malabar Way Improve fire flows 1,086               652 678 705     
14. Mt . Doble Drive Improve fire flows 236                  477    
15. Monmouth Road Improve fire flows 345                  699    
16. E Lane Improve fire flows 261                   550   
17. Lakewood Drive Improve fire flows 397                    435 452 
18. Commercial zone hydrants Hydrant spacing 54     16 17 18 18              
19. Residential zone hydrants Hydrant spacing 27     16 17                

 Total 9,681         1,327 1,380 1,436 731 742 685 694 895 599 874 652 678 705 1,176 1,035 939 977 
 
Notes: 1. Capital cost = 1.35 x construction cost 
 2. Costs escalated at 4% per year 
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Table 8-1.  Impact Fees for New Connections 

Projected new connections 2,791 connections 
Percentage of total connections 32% 
32% of recommended improvements $8 million 
32% of existing main line system $14 million 
Total benefit to new development $22 million 
Connection fee $7,976 per connection 

 
 
 
 

Table 8-2.  Bimonthly Base Rates for Residential Meters 

Meter Size 
(inches) 

Rate 
Code 

Bimonthly 
Base Rate

($) 
⅝ and ¾ M00 40.04 
1 M01 80.05 
1½ M02 160.13 
2 M03 256.19 
3 M04 480.36 
4 M05 800.58 
6 M06 1,601.15 

 
 
 
 

Table 8-3.  Bimonthly Quantity Rates for Residential Meters 

Tier 1 Tier 2 Tier 3 
Meter Size 

(inches) 
Rate 
Code 

Cost per 
Unit ($) Units 

Cost per 
Unit ($) Units 

Cost per 
Unit ($) Units 

⅝ and ¾ M00 1.48 0-24 1.86 25-40 2.21 41-70 
1 M01 1.48 0-48 1.86 49-80 2.21 81-140 
1½ M02 1.48 0-96 1.86 97-160 2.21 161-280 
2 M03 1.48 0-154 1.86 155-256 2.21 257-560 
3 M04 1.48 0-288 1.86 289-480 2.21 481-1,120 
4 M05 1.48 0-480 1.86 481-800 2.21 801-2,240 
6 M06 1.48 0-960 1.86 961-1,600 2.21 1,601-4,480 

Note:  A unit is 100 cubic feet of water. 
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APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 
 
Assumptions 
 
Use of production data to estimate demand makes the following assumptions: 
 

• There is a 1-to-1 relationship between production and demand (i.e. no water is exported). 
• Meter readings are taken at the same time each day. 
• Meters are accurate. 
• The meters for some production facilities were not read every day; missing readings were 

interpolated. 
• Variation in storage is negligible. 

 
Methodology and Calculations 
 
The Maximum Day Demand (MDD) peaking factor is the ratio of the MDD to the Average Day 
Demand (ADD). The Minimum Day Demand (Min Day) peaking factor is the ratio of the Min 
Day to the ADD. 
 
The ADD was computed as the total volume of water supplied during the calendar year 2007 
divided by 365 days: 
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The MDD and Min Day were identified as the highest and lowest production volume for a single 
day respectively. Daily readings are taken by hand at the various well, slant wells and spring 
sites. The meter readings for July (highest monthly production) and February (lowest monthly 
production) were tabulated, converted to daily volumes and summed on a daily basis. The 
highest daily volume produced in July and the lowest daily volume produced in February were 
determined to represent the MDD and Min Day respectively. Those volumes and peaking factor 
ratios are as follows: 
 

0.295.1
5.767

500,1

500,1
6024

48.7560,4363.6
3

2

≅===

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

gpm
gpm

ADD
MDDFactorPeaking

gpm
nutesmi

day
ft
gallons

acre
ft

day
AFMDD

 

 

4.0433.0
5.767

333

333
6024

48.7560,4347.1
3

2

≅===

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

gpm
gpm

ADD
MDDFactorPeaking

gpm
nutesmi

day
ft
gallons

acre
ft

day
AFMDD

 

 
Following are tables containing the tabulated production meter readings and converted daily 
volumes for MDD and Min Day. 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-1 - Tabulated Production Meter Readings for July 2007 
 

 Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 

Previous Reading 457708 54759 608404 241440 395649 94074 422452 105496 29556 531741 86377 47078 15566 
7/1/2007 457965 55038 608697 241440 395772 94074 424242 105727 30208 531741 86377 47314 15696 
7/2/2007 458276 55390 609111 241440 395903 94074 426081 105974 30900 531916 86377 47553 15822 
7/3/2007 458484 55596 609288 241440 396033 94074 427920 106220 31592 531961 86651 47792 15947 
7/4/2007 458769 55847 609529 241440 396164 94074 429925 106409 32127 532035 86784 48050 16048 
7/5/2007 459002 56132 609776 241440 396275 94074 430999 106624 32731 532083 87028 48200 16166 
7/6/2007 459227 56414 610010 241447 396383 94074 432380 106813 33310 532139 87215 48444 16272 
7/7/2007 459528 56708 610275 241447 396534 94078 433944 107019 34442 532201 87402 48673 16376 
7/8/2007 459711 57038 610530 241447 396661 94078 435789 107261 34837 532275 87402 49034 16530 
7/9/2007 460044 57260 610885 241447 396787 94078 437634 107503 35231 532349 87402 49395 16632 

7/10/2007 460309 57496 611096 241447 396900 94078 438801 107659 35674 532396 87693 49507 16720 
7/11/2007 460550 57775 611273 241447 397012 94078 439968 107815 36117 532442 87720 49618 16800 
7/12/2007 460751 58058 611518 241449 397143 94078 441408 108012 36679 532501 87720 49832 16900 
7/13/2007 461024 58272 611750 241449 397273 94078 443023 108235 37313 532540 87764 50068 16997 
7/14/2007 461240 58525 612012 241449 397365 94078 444638 108445 37910 532613 87827 50230 17108 
7/15/2007 461487 58803 612275 241449 397485 94078 446252 108655 38508 532686 87890 50488 17218 
7/16/2007 461770 59122 612537 241449 397645 94078 447867 108865 39105 532759 87953 50745 17329 
7/17/2007 461983 59333 612799 241449 397733 94078 448739 108990 39457 532800 88145 50954 17417 
7/18/2007 462292 59592 612979 241449 397853 94078 450199 109190 40029 532853 88755 51117 17524 
7/19/2007 462516 59876 613205 241460 397982 94078 451623 109363 40519 532900 88896 51840 17607 
7/20/2007 462760 60227 613453 241460 398111 94078 452982 109561 41081 533045 89036 51945 17722 
7/21/2007 463043 60620 613639 241460 398253 94078 454617 109779 41701 533045 89058 52050 17836 
7/22/2007 463224 60876 613826 241460 398395 94078 456252 109998 42320 533120 89079 52123 17951 
7/23/2007 502502 60946 614012 241460 398488 94078 457887 110216 42940 533160 89101 52316 18065 
7/24/2007 502731 61192 614199 241460 398601 94078 458296 110326 43250 533175 89122 52508 18123 
7/25/2007 502995 61456 614385 241464 398724 94078 458705 110326 43250 533190 89144 52701 18123 
7/26/2007 503236 61768 614658 241464 398852 94084 460352 110547 43879 533279 89144 52968 18236 
7/27/2007 503436 61995 614931 241464 398940 94090 461998 110767 44508 533325 89144 53104 18349 
7/28/2007 503681 62290 615115 241464 399061 94090 463628 110986 45133 533384 89144 53397 18473 
7/29/2007 503970 62545 615300 241464 399209 94090 465257 111205 45759 533451 89144 53604 18598 
7/30/2007 504164 62813 615484 241464 399301 94090 466887 111424 46384 533527 89144 53824 18722 
7/31/2007 504430 63079 615846 241464 399432 94090 469346 111727 47245 533619 89144 54083 18842 

 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-2 – Production Meter Readings Differences for July 2007 
 

  
Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 

7/1/2007 257 279 293 0 123 0 1790 231 652 0 0 236 130 
7/2/2007 311 352 414 0 131 0 1839 247 692 175 0 239 126 
7/3/2007 208 206 177 0 131 0 1839 247 692 45 274 239 126 
7/4/2007 285 251 241 0 131 0 2005 189 535 74 133 258 101 
7/5/2007 233 285 247 0 111 0 1074 215 604 48 244 150 118 
7/6/2007 225 282 234 7 108 0 1381 189 579 56 187 244 106 
7/7/2007 301 294 265 0 151 4 1564 206 1132 62 187 229 104 
7/8/2007 183 330 255 0 127 0 1845 242 395 74 0 361 154 
7/9/2007 333 222 355 0 127 0 1845 242 395 74 0 361 102 

7/10/2007 265 236 211 0 113 0 1167 156 443 47 291 112 88 
7/11/2007 241 279 177 0 113 0 1167 156 443 47 27 112 80 
7/12/2007 201 283 245 2 131 0 1440 197 562 59 0 214 100 
7/13/2007 273 214 232 0 131 0 1615 223 634 39 44 236 97 
7/14/2007 216 253 262 0 92 0 1615 210 597 73 63 162 111 
7/15/2007 247 278 262 0 120 0 1615 210 597 73 63 258 111 
7/16/2007 283 319 262 0 160 0 1615 210 597 73 63 258 111 
7/17/2007 213 211 262 0 88 0 872 125 352 41 192 209 88 
7/18/2007 309 259 180 0 120 0 1460 200 572 53 610 163 107 
7/19/2007 224 284 226 11 129 0 1424 173 490 47 141 723 83 
7/20/2007 244 351 248 0 129 0 1359 198 562 145 141 105 115 
7/21/2007 283 393 186 0 142 0 1635 218 620 0 22 105 115 
7/22/2007 181 256 186 0 142 0 1635 218 620 75 22 73 115 
7/23/2007 205 70 186 0 93 0 1635 218 620 40 22 193 115 
7/24/2007 229 246 186 0 113 0 409 110 310 15 22 193 58 
7/25/2007 264 264 186 4 123 0 409 0 0 15 22 193 0 
7/26/2007 241 312 273 0 128 6 1647 221 629 89 0 267 113 
7/27/2007 200 227 273 0 88 6 1647 221 629 46 0 136 113 
7/28/2007 245 295 184 0 121 0 1630 219 625 59 0 293 124 
7/29/2007 289 255 184 0 148 0 1630 219 625 67 0 207 124 
7/30/2007 194 268 184 0 92 0 1630 219 625 76 0 220 124 
7/31/2007 266 266 362 0 131 0 2459 303 861 92 0 259 120 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-3 – Daily Production Volumes for July 2007 (acre-feet) 
 

  Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 Daily 

Totals 

7/1/2007 0.789 0.640 0.899 0.000 0.377 0.000 0.549 0.709 0.200 0.000 0.000 0.724 0.399 5.290 
7/2/2007 0.954 0.808 1.271 0.000 0.401 0.000 0.564 0.757 0.212 0.537 0.000 0.734 0.385 6.620 
7/3/2007 0.638 0.473 0.543 0.000 0.401 0.000 0.564 0.757 0.212 0.138 0.841 0.734 0.385 5.690 
7/4/2007 0.875 0.576 0.740 0.000 0.402 0.000 0.615 0.580 0.164 0.227 0.408 0.792 0.310 5.690 
7/5/2007 0.715 0.654 0.758 0.000 0.341 0.000 0.330 0.660 0.185 0.147 0.749 0.460 0.362 5.360 
7/6/2007 0.691 0.647 0.718 0.021 0.331 0.000 0.424 0.580 0.178 0.172 0.574 0.749 0.325 5.410 
7/7/2007 0.924 0.675 0.813 0.000 0.463 0.012 0.480 0.632 0.347 0.190 0.574 0.703 0.319 6.130 
7/8/2007 0.562 0.758 0.783 0.000 0.388 0.000 0.566 0.743 0.121 0.227 0.000 1.108 0.473 5.730 
7/9/2007 1.022 0.510 1.090 0.000 0.388 0.000 0.566 0.743 0.121 0.227 0.000 1.108 0.313 6.090 

7/10/2007 0.813 0.542 0.648 0.000 0.345 0.000 0.358 0.479 0.136 0.143 0.893 0.342 0.270 4.970 
7/11/2007 0.740 0.640 0.543 0.000 0.345 0.000 0.358 0.479 0.136 0.143 0.083 0.342 0.246 4.050 
7/12/2007 0.617 0.650 0.752 0.006 0.401 0.000 0.442 0.605 0.172 0.181 0.000 0.657 0.307 4.790 
7/13/2007 0.838 0.491 0.712 0.000 0.401 0.000 0.496 0.684 0.195 0.120 0.135 0.724 0.298 5.090 
7/14/2007 0.663 0.581 0.805 0.000 0.282 0.000 0.496 0.645 0.183 0.224 0.193 0.497 0.340 4.910 
7/15/2007 0.758 0.638 0.805 0.000 0.368 0.000 0.496 0.645 0.183 0.224 0.193 0.790 0.340 5.440 
7/16/2007 0.869 0.732 0.805 0.000 0.491 0.000 0.496 0.645 0.183 0.224 0.193 0.790 0.340 5.770 
7/17/2007 0.654 0.484 0.805 0.000 0.270 0.000 0.268 0.384 0.108 0.126 0.589 0.641 0.270 4.600 
7/18/2007 0.948 0.595 0.552 0.000 0.368 0.000 0.448 0.614 0.176 0.163 1.872 0.500 0.328 6.560 
7/19/2007 0.687 0.652 0.694 0.034 0.396 0.000 0.437 0.531 0.150 0.144 0.431 2.219 0.255 6.630 
7/20/2007 0.749 0.806 0.761 0.000 0.396 0.000 0.417 0.608 0.172 0.445 0.431 0.322 0.351 5.460 
7/21/2007 0.869 0.902 0.572 0.000 0.436 0.000 0.502 0.670 0.190 0.000 0.066 0.322 0.351 4.880 
7/22/2007 0.556 0.588 0.572 0.000 0.436 0.000 0.502 0.670 0.190 0.230 0.066 0.224 0.351 4.390 
7/23/2007 0.629 0.161 0.572 0.000 0.285 0.000 0.502 0.670 0.190 0.123 0.066 0.591 0.351 4.140 
7/24/2007 0.703 0.565 0.572 0.000 0.347 0.000 0.126 0.338 0.095 0.046 0.066 0.591 0.178 3.630 
7/25/2007 0.811 0.606 0.572 0.012 0.377 0.000 0.126 0.000 0.000 0.046 0.066 0.591 0.000 3.210 
7/26/2007 0.738 0.716 0.838 0.000 0.393 0.018 0.505 0.677 0.193 0.273 0.000 0.819 0.347 5.520 
7/27/2007 0.613 0.521 0.838 0.000 0.270 0.018 0.505 0.677 0.193 0.141 0.000 0.417 0.347 4.540 
7/28/2007 0.753 0.677 0.566 0.000 0.371 0.000 0.500 0.672 0.192 0.181 0.000 0.899 0.382 5.190 
7/29/2007 0.887 0.585 0.566 0.000 0.454 0.000 0.500 0.672 0.192 0.206 0.000 0.635 0.382 5.080 
7/30/2007 0.595 0.615 0.566 0.000 0.282 0.000 0.500 0.672 0.192 0.233 0.000 0.675 0.382 4.710 
7/31/2007 0.818 0.611 1.111 0.000 0.402 0.000 0.755 0.930 0.264 0.282 0.000 0.795 0.368 6.340 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-4 – Tabulated Production Meter Readings for February 2007 
 

 Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 

Previous Reading 416011 10048 588501 241075 388609 93861 307622 89818 994094 526652 82080 29016 7967 

2/1/2007 416334 10438 588520 241078 388609 93861 307845 89818 994141 526661 82080 29331 7971 

2/2/2007 416661 10711 588520 241078 388609 93861 307845 89818 994141 526661 82080 29586 7971 

2/3/2007 417028 11015 588520 241078 388609 93861 307845 89819 994141 526661 82080 29586 7971 

2/4/2007 417356 11377 588601 241078 388609 93861 308660 89879 994308.5 526678.5 82080 29586 8019 

2/5/2007 417642 11644 588682 241078 388609 93861 308660 89939 994476 526696 82080 29619 8019 

2/6/2007 417963 11918 588787 241083 388609 93861 309376 90021 994591.5 526727 82080 29650 8062 

2/7/2007 418313 12258 588793 241088 388609 93871 309437 90024 994707 526729 82080 29650 8068 

2/8/2007 418619 12663 588843 241101 388609 93878 309437 90063 994818 526741 82080 29650 8123 

2/9/2007 418944 12887 588843 241101 388609 93878 309691 90063 994818 526741 82080 29697 8123 

2/10/2007 419275 13242 588894.5 241101 388609 93878 310283 90142 994927.5 526766 82080 29753 8140.5 

2/11/2007 419605 13597 588946 241101 388609 93878 310283 90142 995037 526766 82080 29753 8158 

2/12/2007 419913 13864 589106 241101 388609 93878 311207 90264 995377 526806 82080 29844 8213 

2/13/2007 420226 14205 589106 241101 388609 93878 311207 90264 995377 526806 82080 29844 8213 

2/14/2007 420523 14468 589220 241102 388609 93878 311930 90267 995632 526834 82080 29908 8257 

2/15/2007 420838 14811 589247 241103 388609 93878 312020 90373 995675 526841 82080 29908 8260 

2/16/2007 421143 15091 589305 241103 388609 93878 312353 90416 995798 526856 82080 29958 8281 

2/17/2007 421469 15263 589316 241103 388609 93878 312356 90425 995826 526856 82080 29958 8281 

2/18/2007 421795 15780 589491 241103 388609 93878 313433 90512 995865 526902 82080 30066 8291 

2/19/2007 422105 16140 589592 241103 388609 93878 314019 90636 996410 526927 82080 30123 8382 

2/20/2007 422353 16355 589616 241103 388609 93878 314258 90654 996459 526936 82080 30160 8382 

2/21/2007 422669 16650 589733 241115 388609 93890 314863 90744 996706 526963 82080 30194 8431 

2/22/2007 422966 16986 589736 241122 388609 93894 314874 90750 996727 526964 82080 30194 8435 

2/23/2007 423317 17296 589739 241122 388609 93894 314874 90861 997032 527001 82080 30250 8478 

2/24/2007 423575 17609 589739 241122 388609 93894 314874 90861 997032 527001 82080 30250 8484 

2/25/2007 423884 17909 589739 241122 388609 93894 314874 91067 997602 527076 82080 30335 8580 

2/26/2007 424205 18292 589739 241122 388609 93894 314874 91111 997726 527077 82080 30390 8603 

2/27/2007 424491 18566 589810 241122 388609 93894 314941 91163 997869 527098 82080 30482 8646 

2/28/2007 424789 18840 589881 241122 388609 93894 315008 91215 998012 527119 82080 30574 8654 

 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-5 – Production Meter Readings Differences for February 2007 
 

  Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 

7/1/2007 323 390 19 3 0 0 223 0 47 9 0 315 4 

7/2/2007 327 273 0 0 0 0 0 1 0 0 0 255 0 

7/3/2007 367 304 0 0 0 0 0 60 0 0 0 0 0 

7/4/2007 328 362 81 0 0 0 815 60 168 18 0 0 48 

7/5/2007 286 267 81 0 0 0 0 82 168 18 0 33 0 

7/6/2007 321 274 105 5 0 0 716 82 116 31 0 31 43 

7/7/2007 350 340 6 5 0 10 61 3 116 2 0 0 6 

7/8/2007 306 405 50 13 0 7 0 39 111 12 0 0 55 

7/9/2007 325 224 0 0 0 0 254 0 0 0 0 47 0 

7/10/2007 331 355 52 0 0 0 592 79 110 25 0 56 18 

7/11/2007 330 355 52 0 0 0 0 0 110 0 0 0 18 

7/12/2007 308 267 160 0 0 0 924 122 340 40 0 91 55 

7/13/2007 313 341 0 0 0 0 0 0 0 0 0 0 0 

7/14/2007 297 263 114 1 0 0 723 3 255 28 0 64 44 

7/15/2007 315 343 27 1 0 0 90 106 43 7 0 0 3 

7/16/2007 305 280 58 0 0 0 333 43 123 15 0 50 21 

7/17/2007 326 172 11 0 0 0 3 9 28 0 0 0 0 

7/18/2007 326 517 175 0 0 0 1077 87 39 46 0 108 10 

7/19/2007 310 360 101 0 0 0 586 124 545 25 0 57 91 

7/20/2007 248 215 24 0 0 0 239 18 49 9 0 37 0 

7/21/2007 316 295 117 12 0 12 605 90 247 27 0 34 49 

7/22/2007 297 336 3 7 0 4 11 6 21 1 0 0 4 

7/23/2007 278 310 3 0 0 0 0 111 305 37 0 56 43 

7/24/2007 258 313 0 0 0 0 0 0 0 0 0 0 6 

7/25/2007 309 300 0 0 0 0 0 206 570 75 0 85 96 

7/26/2007 321 383 0 0 0 0 0 44 124 1 0 55 23 

7/27/2007 286 274 71 0 0 0 67 52 143 21 0 92 43 

7/28/2007 298 274 71 0 0 0 67 52 143 21 0 92 8 

 



APPENDIX A – Methodology and Calculations for Maximum Day Demand and Minimum Day Demand 
 

Table A-6 – Daily Production Volumes for February 2007 (acre-feet) 
 

  Green 
Spot 

Van 
Dusen Well 1 Well 1B Well 2 Well 3 Well 3A Well 4 Well 4A Well 6 Well 8 Well 9 Well 10 Daily 

Totals 

7/1/2007 0.991 0.895 0.058 0.009 0.000 0.000 0.068 0.000 0.014 0.028 0.000 0.967 0.012 3.04 

7/2/2007 1.004 0.627 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.783 0.000 2.42 

7/3/2007 1.126 0.698 0.000 0.000 0.000 0.000 0.000 0.184 0.000 0.000 0.000 0.000 0.000 2.01 

7/4/2007 1.007 0.831 0.249 0.000 0.000 0.000 0.250 0.184 0.051 0.054 0.000 0.000 0.147 2.77 

7/5/2007 0.878 0.613 0.249 0.000 0.000 0.000 0.000 0.252 0.051 0.054 0.000 0.101 0.000 2.20 

7/6/2007 0.985 0.629 0.322 0.015 0.000 0.000 0.220 0.252 0.035 0.095 0.000 0.095 0.132 2.78 

7/7/2007 1.074 0.781 0.018 0.015 0.000 0.031 0.019 0.009 0.035 0.006 0.000 0.000 0.018 2.01 

7/8/2007 0.939 0.930 0.153 0.040 0.000 0.021 0.000 0.120 0.034 0.037 0.000 0.000 0.169 2.44 

7/9/2007 0.997 0.514 0.000 0.000 0.000 0.000 0.078 0.000 0.000 0.000 0.000 0.144 0.000 1.73 

7/10/2007 1.016 0.815 0.158 0.000 0.000 0.000 0.182 0.242 0.034 0.077 0.000 0.172 0.054 2.75 

7/11/2007 1.013 0.815 0.158 0.000 0.000 0.000 0.000 0.000 0.034 0.000 0.000 0.000 0.054 2.07 

7/12/2007 0.945 0.613 0.491 0.000 0.000 0.000 0.284 0.374 0.104 0.123 0.000 0.279 0.169 3.38 

7/13/2007 0.961 0.783 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.74 

7/14/2007 0.912 0.604 0.350 0.003 0.000 0.000 0.222 0.009 0.078 0.086 0.000 0.196 0.135 2.59 

7/15/2007 0.967 0.787 0.083 0.003 0.000 0.000 0.028 0.325 0.013 0.021 0.000 0.000 0.009 2.24 

7/16/2007 0.936 0.643 0.178 0.000 0.000 0.000 0.102 0.132 0.038 0.046 0.000 0.153 0.064 2.29 

7/17/2007 1.001 0.395 0.034 0.000 0.000 0.000 0.001 0.028 0.009 0.000 0.000 0.000 0.000 1.47 

7/18/2007 1.001 1.187 0.537 0.000 0.000 0.000 0.331 0.267 0.012 0.141 0.000 0.331 0.031 3.84 

7/19/2007 0.951 0.826 0.310 0.000 0.000 0.000 0.180 0.381 0.167 0.077 0.000 0.175 0.279 3.35 

7/20/2007 0.761 0.494 0.074 0.000 0.000 0.000 0.073 0.055 0.015 0.028 0.000 0.114 0.000 1.61 

7/21/2007 0.970 0.677 0.359 0.037 0.000 0.037 0.186 0.276 0.076 0.083 0.000 0.104 0.150 2.96 

7/22/2007 0.912 0.771 0.009 0.021 0.000 0.012 0.003 0.018 0.006 0.003 0.000 0.000 0.012 1.77 

7/23/2007 0.852 0.712 0.009 0.000 0.000 0.000 0.000 0.341 0.094 0.114 0.000 0.172 0.132 2.42 

7/24/2007 0.792 0.719 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.018 1.53 

7/25/2007 0.948 0.689 0.000 0.000 0.000 0.000 0.000 0.632 0.175 0.230 0.000 0.261 0.295 3.23 

7/26/2007 0.985 0.879 0.000 0.000 0.000 0.000 0.000 0.135 0.038 0.003 0.000 0.169 0.071 2.28 

7/27/2007 0.878 0.629 0.218 0.000 0.000 0.000 0.021 0.160 0.044 0.064 0.000 0.282 0.132 2.43 

7/28/2007 0.915 0.629 0.218 0.000 0.000 0.000 0.021 0.160 0.044 0.064 0.000 0.282 0.025 2.36 
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1. Introduction 

This report has been prepared by Daniel B. Stephens & Associates, Inc. (DBS&A) on behalf of 

Big Bear City Community Services District (BBCCSD) in support of its water master plan. 

The BBCCSD has tasked DBS&A to quantify the natural recharge in the Big Bear Valley 

watershed.  Natural recharge was estimated to range from 3,500 to 10,000 acre-feet per year 

(ac-ft/yr).  The recharge rate was calculated by a physically based water balance model.  In the 

DPWM, recharge is the quantity of water passing below the root zone and is referred to as net 

infiltration.  In DBS&A’s original analysis, basin-wide estimates of mean annual precipitation 

from DAYMET (1981-2003) fell between recorded precipitation levels recorded at the National 

Weather Service (NWS) gauges at Big Bear Lake Dam and the City of Big Bear Lake (2008).   
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2. Distributed Parameter Watershed Model Documentation 

2.1 Model Description 

The DPWM estimates the daily water balance for discrete locations in a watershed.  Using 

climate, soil, vegetation, and bedrock properties distributed throughout the watershed at the cell 

scale, the water balance components can be computed for each of the individual cells.  Rather 

than a lumped water balance for the entire watershed, the DPWM can map at a relatively fine 

spatial scale the rates of recharge, runoff, and evapotranspiration.  Water balance components 

include precipitation, runon, runoff, evaporation, transpiration, net infiltration (recharge), soil 

water storage, snowmelt, snowpack accumulation, and sublimation.  The DPWM has the ability 

to route runoff through the watershed using an elevation-based algorithm.  Rather than simply 

assuming that a percentage of runoff becomes recharge, routing of runoff allows for the water to 

enter the water balance computations of downstream cells, where it can ultimately become 

runoff from the basin, net infiltration, change in soil water storage, or evapotranspiration. 

The DPWM uses the widely accepted FAO-56 method for computing water uptake by 

vegetation (Allen et al., 1998).  The FAO-56 method uses the FAO Penman-Monteith equation 

to estimate the reference evapotranspiration for the given latitude, elevation, and climate 

conditions.  The DPWM implements an unpublished modification to the reference 

evapotranspiration calculation by one of the authors of FAO-56 that accounts for the slope and 

orientation of the cell (Allen and Trezza, 2006).  The reference evapotranspiration is for a well 

watered grass with an assumed height of 0.12 meter, a fixed surface resistance of 70 seconds 

per meter (s/m) and an albedo of 0.23.  The reference evapotranspiration is translated to 

another type of vegetation using what is termed a “crop coefficient”.  The reference crop 

coefficient is 1.0; vegetation that transpires less than the reference crop will have a crop 

coefficient less than 1.0, while vegetation that transpires more than the reference crop will have 

a crop coefficient greater than 1.0.  The crop coefficient typically changes for most vegetation as 

it enters different growth stages (initial, development, peak or mid-season, late season, and 

dormancy).  Although the FAO-56 method was originally developed for agricultural vegetation, it 

has been adapted for natural vegetation including desert vegetation.  The FAO-56 method 

provides equations for estimating crop coefficients of natural vegetation based on leaf area 
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index (LAI) or fraction of vegetation ground cover (Allen et al., 1998).  The FAO-56 method 

provides additional equations for modifying the crop coefficients for natural vegetation based on 

measurements of stomatal resistance.  This can account for the ability of desert vegetation to 

conserve water by closing their stomata.  Also, any wilting point pressure can be used with the 

FAO-56 method.  Typical agricultural vegetation has a wilting point of about 15 bars.  The 

DPWM reduces evaporation and transpiration as the soil dries using evaporation and 

transpiration reduction coefficients described in the FAO-56 method (Allen et al., 1998). 

The water balance calculation in the DPWM generally follows the FAO-56 method except in 

shallow depth soils where bedrock may restrict net infiltration.  The water balance calculation 

can use either a field capacity approach or the van Genuchten-Mualem (VGM) model.  The field 

capacity approach allows for instantaneous drainage when the water level in the soil is above 

the level determined from field capacity (typically the water level corresponding to capillary 

pressures of 1/10 to 1/3 bar) and no drainage when the water level is below field capacity.  The 

VGM water balance allows for continuous drainage but at progressively lower rates as the soil 

dries.  The VGM method assumes a unit gradient with downward flow only. 

In both the field capacity and VGM models, drainage from the soil layers in a cell is restricted by 

the soil saturated hydraulic conductivity.  Additionally, drainage or net infiltration from the bottom 

of the cell is restricted by the bedrock saturated hydraulic conductivity.  Runoff can occur when 

the water content equals the saturated water content of the soil or the infiltration rate exceeds 

the saturated hydraulic conductivity of the uppermost soil layer.  

Climate inputs to DPWM include daily total precipitation, minimum and maximum air 

temperature, wind speed, and the duration of precipitation for a reference location in the 

watershed.  Precipitation and temperature are adjusted from the reference point in the basin for 

the elevation of each cell using a simple linear regression.  The dewpoint temperature is 

adjusted downward below the minimum daily temperature as described in FAO-56 for arid 

environments (Allen et al., 1998).   

The DPWM does not have the ability to calculate lateral saturated or unsaturated subsurface 

flow.  It also cannot calculate stream flow other than simple elevation-based ephemeral runoff 
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routing.  The DPWM is not an ecological model in that it does not simulate root growth, 

migration of vegetation types, plant height growth, etc. 

2.1.1 Description of DPWM Model Cell 

The computational “core” of the DPWM is the “cell”, which describes the soil and water transport 

in a comparatively small region.  The cells model a 90-meter by 90-meter region. 

The cell is composed of four nodes (Figure 1).  Nodes 1 and 2 comprise the first layer, which is 

only a few centimeters deep.  Node 1 models the bare soil region near the ground surface.  In 

addition to plant transpiration via plant roots, higher levels of short-term evaporation extract 

water from this region.  Node 2 models the ground surface under the plant canopy.  Shade from 

the canopy strongly reduces the evaporation component from this node.  The small fraction of 

evaporation that occurs is lumped into the transpiration component from this node. 

The balance of the root zone is modeled by Node 3.  In most soils, most of the plant 

transpiration takes place in this node.  Vapor migrations to the ground surface, caused by 

gradients in vapor pressure, are lumped into the transpiration term. 

The balance of the soil region is modeled by Node 4.  Neither evaporation nor transpiration 

takes place with this node.  However, if the underlying rock has a sufficiently low permeability, 

water can accumulate within Node 4 and drain into the rock over a prolonged period of time. 

2.1.2 Compiling and Executing DPWM 

The DPWM was written in the C/C++ computer language.  The code is relatively easy to 

understand for anyone experienced with computer languages, in that it is simply composed of 

function calls, if-then statements, arithmetic expressions, and for-loops.  Executables have been 

compiled in release mode with Microsoft Visual C++ version 7.1.6030.  Microsoft compilers 

(available for free at http://www.microsoft.com/express/vc/) have also been used to successfully 

compile DPWM.   The DPWM is executed at the command line.  All input and output files have 

the same root name with different extensions.  The DPWM will query the user to enter the root 
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name for a simulation or the user can use the DOS redirection command to enter the root name 

automatically from a text file (e.g., DPWM < root.txt). 

2.1.3 Input Files 

There are seven input files for the DPWM, one of which is optional.  All files are standard ASCII 

text files that can be edited with any text editing software.  The nomenclature for the input file 

extension names is “i” for input followed by a two-letter abbreviation for the input file type 

(e.g., ipm for the input parameter file).   

2.1.3.1 Input Parameter File (*.ipm) 

The parameter input file has the soil, vegetation, bedrock, and general model parameter values.  

The file has two columns: (1) the parameter name identifier and (2) the parameter value.  

Table 1 describes the input parameters and provides the units.  The file is in a space delimited 

format. 

2.1.3.2 Input Climate File (*.icl) 

The climate input file has climate data for the reference location in the watershed.  Columns are 

as follows: 

• Month  

• Day of month [DOM]  

• Water year 

• Day of water year [DOWY] 

• Precipitation in millimeters (mm) [PRECIP] 

• Maximum daily temperature in °C [TMAX]  

• Minimum daily temperature in °C [TMIN]  

• Wind speed in meters per second (m/s) [WIND] 

• Duration of precipitation in hours [DURATION]   

The file is in a space delimited format. 
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2.1.3.3 Input Watershed File (*.iws) 

The watershed input file has the cell location and elevation along with the types of soil, 

vegetation and bedrock.  Columns are as follows: 

• Cell ID [BBCCSD_ID]  

• UTM Zone 11 easting in NAD83 meters [POINT_X] 

• UTM Zone 11 northing in NAD83 meters [POINT_Y]  

• Elevation of cell in meters [ELEV_METER]  

• Cell ID of downstream cell that receives runoff [DWNSTRM_ID]  

• Slope of cell in degrees [SLOPE_DEG]  

• Aspect of cell [ASPECT]  

• Soil type index with array origin at 1 [Soil_Index]  

• Bedrock type index with array origin at 1 [Rock_Index]  

• Vegetation type with array origin at 1 [Veg_Index]  

• Area of cell in meters squared [Area2]   

This file must be ordered with upstream cell above downstream cell.  The file is in a space 

delimited format. 

2.1.3.4 Input Downstream Receptor File (*.idn) 

The downstream contributor file instructs the DPWM how to route runoff.  Columns are as 

follows: 

• C/C++ array index with 0 origin [RankJ]  

• Cell ID [BBCCSD_ID]  

• Cell ID of downstream cell that will receive runon [DWNSTREAM_ID]  

• C/C++ array index of downstream cell with 0 origin [Dwnstrm_J]   

Index values must correspond with positions in the watershed file (*.iws).  The second line in 

this file (first line after header) corresponds with array index 0.  The file is in a space delimited 

format. 

 6  



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 

2.1.3.5 Input Daily Observation File for Specified Cells (*.iob) 

The input file identifies individual cells to monitor daily water balance.  The first line is the 

number of cells to monitor.  Subsequent lines have cell IDs.  The code currently allows a 

maximum of 40 monitor cells.  Output of monitored cells is in the output file *.ocd. 

2.1.3.6 Input Observation File for Specified Times (*.iot) 

The input file identifies times to output water balance for entire watershed.  The first line is the 

number of output times.  Subsequent lines have water year, month, and day of month to 

generate output.  The file is in a tab delimited format.  Output can be found in the *.oct file. 

2.1.4 Output Files 

Output files provide the mass balance components (precipitation, evaporation, transpiration, net 

infiltration, runoff, storage, snowpack level, and error) for the water balance calculations at the 

watershed or cell level and at either daily, annual, or other specified time intervals.  Generally 

the nomenclature for output file extensions is “o” for output, “c” for cell or “w” for watershed, and 

“d” for daily or “a” for annual (e.g., owd is mass balance components for the watershed on a 

daily basis).  Unless otherwise specified, the units for the output files are in cubic meters.  To 

obtain units of length (e.g., inches of rain on a cell), the volume of water must be divided by the 

area of the cell found in the input watershed file (*.iws). 

2.1.4.1 Output Watershed Daily Mass Balance (*.owd) 

This output file contains the daily water balance for the entire watershed on a lumped basis.  

Columns are as follows: 

• Day of run [Day]  

• Total precipitation in cubic meters [Precip]  

• Change in water stored for watershed in cubic meters [dStorage]  

• Change in water stored in the snowpack in cubic meters [dSnow]  

• Evapotranspiration for watershed in cubic meters [ET]  

• Net infiltration for watershed in cubic meters [Infil]  

• Runoff into lakes in cubic meters [RunoffExit]  
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• Mass balance for model in cubic meters [Masscheck]  

2.1.4.2 Output Cell Annual Mass Balance (*.oca) 

This output file has the annual water balance for each cell in the watershed.  Columns are as 

follows: 

• Cell ID [ID]  

• Water year [Year]  

• UTM Zone 11 easting in NAD83 meters [UTM83_X]  

• UTM Zone 11 northing in NAD83 meters [UTM83_Y]  

• Precipitation volume for year on cell in cubic meters [Precip]  

• Actual evapotranspiration in cubic meters [AET]  

• Net infiltration in cubic meters [Infil]  

• Runoff in cubic meters [Runoff]  

• Runon in cubic meters [Runon]  

• Total change in water stored in soil in cubic meters [dWlevel]  

• Total change of water in snowpack in cubic meters [dSnow]  

• Area of cell in square meters [Area]   

The file is in a tab delimited format.  This file can be read by ArcMAP, but ArcMAP sometimes 

does not display text files correctly.  It is better to import the file into Microsoft Access for 

reading into ArcMAP. 

2.1.4.3 Output for Specified Cells Daily Mass Balance (*.ocd) 

This file has the daily water balance for individual cells specified in the input file *.iob.  Columns 

are as follows: 

• Day of run [Day]  

• Cell ID [CellID]  

• Change in water stored in soil in cubic meters [dWlevel]  

• Daily precipitation in cubic meters [Precip]  
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• Daily transpiration in cubic meters [Trans]  

• Daily evaporation in cubic meters [Evap]  

• Daily runon in cubic meters [Runon]  

• Daily runoff in cubic meters [Runoff]  

• Daily net infiltration in cubic meters [Infil]  

• Daily water balance error in cubic meters [Balance]  

• Actual evapotranspiration in mm [AET_mm]  

• Reference evapotranspiration in mm [RefET_mm]  

• Kcb [Kcb]  

• Maximum Kc [Kcmax]  

• Vegetation canopy cover fraction (fc)  

• Water level in Node 1 in cubic meters [WL1]  

• Water level in Node 2 in cubic meters [WL2]  

• Water level in Node 3 in cubic meters [WL3]  

• Water level in Node 4 in cubic meters [WL4]  

• Mid-season Kcb [Kcb_mid]  

• Full-season Kcb [Kcb_full]  

• Minimum daily relative humidity [RH_min]   

The file is space delimited. 

2.1.4.4 Output Watershed Annual Mass Balance (*.owa) 

This file has the water balance for the entire lumped watershed on an annual basis.  Columns 

are as follows: 

• Water year [Year]  

• Total annual precipitation on watershed in cubic meters [Precip]  

• Actual evapotranspiration for entire watershed in cubic meters [AET]  

• Total net infiltration (e.g., recharge) for watershed in cubic meters [Infil]  

• Runoff from watershed into lakes in cubic meters for year [GapRunoff]  

• Change in water storage for year over watershed in cubic meters [dStorage]  
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• Mass balance error for watershed in percent [MBE%]  

• Runoff from mountain block onto alluvium (e.g., mountain front runoff as described in 

Wilson and Guan [2004]) in cubic meters for year [MF_Runoff]   

The file is space delimited. 

2.1.4.5 Output All Cells at Specified Times (*.oct) 

This file contains the water balance for specified days for the entire watershed.  Columns are as 

follows: 

• Cell ID [ID]  

• Water year [Year]  

• Month [Month]  

• Day of month [Day]  

• UTM easting for zone 11 and NAD83 in meters [UTM83_Xm]  

• UTM northing for zone 11 and NAD83 in meters [UTM83_Ym]  

• Area of cell in square meters [Area_m2]  

• Water level in Node 1 in mm [WL1mm]  

• Water level in Node 2 [WL2mm]  

• Water level in Node 3 in mm [WL3mm]  

• Water level in Node 4 in mm [WL4mm]  

• Depth-averaged volumetric water content in Node 1 [Q1]  

• Depth-averaged volumetric water content in Node 2 [Q2]  

• Depth-averaged volumetric water content in Node 3 [Q3]  

• Depth-averaged volumetric water content in Node 4 [Q4]  

• Unsaturated hydraulic conductivity in Node 1 in millimeters per day (mm/d) 

[K(Q1)mm•d-1]  

• Unsaturated hydraulic conductivity in Node 2 in mm/d [K(Q2)mm•d-1]  

• Unsaturated hydraulic conductivity in Node 3 in mm/d [K(Q3)mm•d-1]  

• Unsaturated hydraulic conductivity in Node 4 in mm/d [K(Q4)mm•d-1]  

• Precipitation at cell in mm [Precip_mm]  
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• Net infiltration at cell in mm [Infil_mm]  

• Runoff at cell in mm [Runoff_mm]  

• Transpiration in cell in mm [Trans_mm]  

• Evaporation in cell in mm [Evap_mm]  

• Snow stored at cell in mm [Snow]  

• Total change in water level at cell in mm [dWlevel]  

• Reference evapotranspiration in mm [refETmm]  

• Minimum relative humidity in percent [RHmin]  

• Kcb [Kcb]  

• Capillary pressure head in centimeters (cm) at Node 1 [h_cp1_cm]  

• Capillary pressure head in cm at Node 2 [h_cp2_cm]  

• Capillary pressure head in cm at Node 3 [h_cp3_cm]  

• Capillary pressure head in cm at Node 4 [h_cp4_cm]  

–9.999 values indicate that a node does not exist.   

2.1.4.6 Echo of Input and Output of Calculated Input Values (check.txt or .chk) 

This file echoes input data and outputs calculated input values.  The file will flag errors in the 

runoff routing input file (idn) and shows the annual watershed water balances in acre-feet. 

2.1.5 Main Program Routine 

The main program routine reads the input files, opens the output files, calculates initial 

properties, and computes the water balance components for each cell and for each day in the 

simulation.  Functions given below are described in more detail in the sections following this 

section.  The main program begins by reading the input files and opening the output files for 

writing.  Next the initial properties for the cells are computed from the input files.  Input file units 

are converted to units of mm and days.  The cdepth_fcn is called for each cell to calculate the 

thicknesses of the nodes from the total soil depth, as follows: 

 ),,(_41 vegZrZeDepthfcncdepthThick =−  (1) 
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where Thick1-4 = the thickness of Nodes 1 through 4 (mm) 

 Depth = the soil depth specified for the soil type of the cell converted to mm  

 Ze = the evaporation layer thickness (mm) 

 Zr = the rooting depth of the vegetation at the cell (mm)  

If the vegetation index indicates that the cell is bare rock, the depth is set to the evaporation 

depth (Ze) to allow for surface storage and evaporation and the soil hydraulic conductivity is set 

to the bedrock hydraulic conductivity.  For cells that are washes, the hydraulic properties of the 

soil are set to those specified for washes. 

The maximum water level in each cell node is set based on the saturated water content and 

node thickness, as follows: 

 4141_ −− ⋅= Thickslevels θθ  (2) 

where θs_level1-4 = the water level equivalent to saturation in the node (mm)  

 θs = the saturated water content from the soil type at the cell   

The water contents associated with the field capacity and wilting point capillary pressure heads 

are computed, as follows: 

 
( )
( WPWP

FCFC

hnsrwctoheadvg
hnsrwctoheadvg

,,,,___
,,,,___

αθθθ )
αθθθ

=
=

 (3) 

where θFC = the field capacity water content 

 θWP = the wilting point water content, θr is the residual water content  

 θs = the saturated water content  

 α and n = the van Genuchten curve fitting parameters  

 hFC = the field capacity capillary pressure head (cm) specified by the user  

 hWP = the wilting point capillary pressure head (cm) specified by the user   

 12  



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 

The water levels equivalent to the field capacity and wilting point water contents are calculated 

as follows: 

 
WP

FC

ThickWP
ThickFC

θ
θ

⋅=
⋅=

−−

−−

4141

4141  (4) 

where FC1-4 = the water level equivalent to the field capacity water content for Nodes 1 

through 4 (mm) 

 WP1-4 = the water level equivalent to the wilting point water content for Nodes 1 

through 4 (mm) 

The FAO-56 parameters for total evaporable water (TEW) and total available water (TAW) are 

computed for each cell based on the equations in Allen et al. (1998), as follows: 

 
( )
( ) ( 31

15.0
ThickThickTAW

ThickTEW

WPFC

WPFC

+⋅−= )
⋅⋅−=

θθ
θθ

 (5) 

where θFC = the field capacity water content  

 θWP = the wilting point water content 

 Thick1 = the thickness of Layer 1 from Node 1 (Nodes 1 and 2 in Layer 1 have the same 

thickness and either could have been used here) 

 Thick3 = the thickness of Layer 2 from Node 3 

The initial water levels in each node of each cell are set based on the user specified capillary 

pressure heads in each node, as follows: 

 
( )

414141

41,41 ,,,,___

−−−

−−

⋅=

=

ThickWlevel
hnsrwctoheadvg i

θ

αθθθ
 (6) 

where θ1-4 = the water content in Nodes 1 through 4 in each cell 

 θr = the residual water content  

 θs = the saturated water content  
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 α and n = the curve fitting parameters  

 hi,1-4 = the initial capillary pressure head for Nodes 1 through 4 specified by the user   

Typically, the initial water levels are set to the wilting point in Nodes 1 through 3 and to field 

capacity in Node 4.  The water in Node 4 is stagnant (will not drain or evapotranspire) when set 

at or below the field capacity. 

After the initial properties have been calculated, they are printed to the output file check.txt or 

*.chk for verification.  The next step in the main program routine is the daily water balance 

calculation for each cell and for each day.  For each day of the simulation, the program loops 

through all of the cells as ordered in the watershed file.  The cells in the watershed file must be 

ordered so that no cell is below a cell that is downstream (the program checks that the order is 

correct and if not correctly ordered will stop execution).  Before the cell calculations, the 

program calculates the dewpoint offset (Koffset), as follows: 

  (7) ),,,,(_ CVLADOYfcnKdewOffsetKoffset =

where DOY = the calendar day of the year starting January 1 

 A, L, V, and C = the fitting parameters of the harmonic function   

Then the calculation for individual cells begins with correction of the reference temperature to 

the cell elevation using the following function that returns the average, maximum, minimum, and 

dewpoint temperatures for the cell: 

  (8) ),,,,,(___ minmax KoffsetCElevElevTrefTreffcncorelevT temprefcell

where Trefmax = the maximum daily temperature at the reference location  

 Trefmin = the minimum daily temperature for the reference location  

 Elevcell = the elevation of the cell  

 Elevref = the elevation of the reference location  

 Ctemp = the correlation of temperature with elevation specified by the user 
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 Koffset = the dewpoint temperature offset   

Similarly, the average, maximum, minimum and dewpoint temperatures for the average 

elevation of the watershed are computed as follows: 

  (9) ),,,,,(___ minmax KoffsetCElevElevTrefTreffcncorelevT temprefaverage

where Elevaverage = the average elevation for all the cells in the watershed   

The correction to the daily total precipitation for elevation is computed for the cell from the 

reference location, as follows: 

 ( )CprecipElevElevPfcncorelevprecipP refcellref ,,,___=  (10) 

where P = the daily total precipitation at the cell  

 Pref = the reference daily total precipitation 

 Elevcell = the elevation of the cell (m)  

 Elevref = the elevation of the reference location (m)  

 Cprecip = the correlation between precipitation and elevation specified by the user   

Next, the crop and vegetation canopy coefficients are calculated.  The atmospheric pressure 

(Patm), psychrometric constant (γ), slope of the saturation vapor pressure curve (Δ), and the 

minimum relative humidity are calculated as follows: 

  (11) 

)max,(min__
)(__

)(_
)(_

min cellcell

cell

cell

TTdewfcnRHRH
Tavgfcnesslope

PatmfcnPsych
ElevfcnCellPPatm

=
=Δ
=

=
γ

The Kcb for full vegetation cover is estimated as follows: 
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  (12) ),,(_ minRHhwindfcnKcbFullKcb plantfull =

where wind = the wind speed at the reference location (m/s) 

 hplant = the peak season plant height (m) 

 RHmin = the minimum daily relative humidity   

The stomatal resistance adjustments (Fr) are estimated for the initial, peak mid-season, and the 

late season, as follows: 

 

),,,(_
),,,(_

),,,(_

endend

midmid

iniini

rlwindfcnFrFr
rlwindfcnFrFr

rlwindfcnFrFr

γ
γ

γ

Δ=
Δ=

Δ=
 (13) 

where rlini, rlmid, and rlend are the stomatal resistance values specified by the user for the 

vegetation for the initial growth season, peak mid-season, and the late season, respectively.   

The Kcb values for the initial (Kcbini), peak mid-season (Kcbmid), and late season (Kcbend) are 

calculated as follows: 

  (14) 

),,,(_

),,,(_

),,,(_

min

min

min

KcFrLAIKcbfcnKcbLAIKcb

KcFrLAIKcbfcnKcbLAIKcb

KcFrLAIKcbfcnKcbLAIKcb

endendfullend

midmidfullmid

iniinifullini

=

=

=

where LAI = the leaf area index specified by the user for the initial, mid-season, or late season  

 Kcmin = the minimum crop coefficient for bare soil specified by the user   

The Kcb_fcn is then called to estimate the Kcb for any given day of the year: 

),,,

,,,,,,,,max,,(_

minKcLateEndMidEndMidStart

rtDevelopStaKcbKcbKcbLAIhwindTTdewDOYfcnKcbKcb endmidinimidplantcellcell=

 (15) 
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where DOY = the day of the calendar year  

 Tdewcell = the dewpoint temperature at the cell  

 Tmaxcell = the maximum daily temperature at the cell  

 wind = the wind speed at the reference location  

 hplant = the plant height during the peak season specified by the user for the 

vegetation type 

 LAImid = the peak season leaf area index  

 DevelopStart = the start of growth development after the initial period  

 MidStart = the start of the peak growth season 

 MidEnd = the end of the peak growth season 

 LateEnd = the end of the late season   

The Kcb function returns the basal transpiration coefficient for the cell and day (Kcb), maximum 

transpiration coefficient (Kcmax), and the fraction of ground covered by vegetation canopy (fc).   

Next, water is transferred between Nodes 1 and 2 in Layer 1 as the canopy cover fraction 

changes: 

  (16) ),,,(___ 21_ WlevelWlevelfffcncfVarying oldcc

where fc = the new vegetation canopy cover fraction 

 fc_old = the previous canopy cover fraction 

 Wlevel1 = the water level in Node 1  

 Wlevel2 = the water level in Node 2 

This function is necessary to maintain the water balance in the cell.  As the canopy cover 

increases or decreases, the sizes of Nodes 1 and 2 change and water must be appropriately 

transferred.  The function returns updated values for Wlevel1 and Wlevel2. 

The snow function updates snowpack levels, snowmelt and sublimation: 

  (17) ( )meltesubcellcellcellcellold CCPTdewTTTavgSlevelfcnSnowB ,,,,min,max,,_ lim
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where Slevelold = the old snowpack level 

 P = the total daily precipitation 

 Csublime = the fraction of snowpack that sublimates over the winter 

 Cmelt = the rate of snowmelt   

If the snowpack level is greater than zero, the albedo of the cell is set to 0.60 (as done in the 

HELP model [Schroeder et al., 1994]). 

The reference evapotranspiration (RefET) is calculated using the function RefET_fcn: 

),,,,,,,,
,,min,max,,,min,max,(_

AlbedoLatitudeKrswindDOYAzimuthSlopeElevElev
TdewTTTavgTdewTTTavgfcnRefETRefET

cellcellrefcell

wswswswscellcellcellcell=
 (18) 

where Tavgcell = the average daily temperature at the cell  

 Tmaxcell = the maximum daily temperature at the cell  

 Tmincell = the minimum daily temperature at the cell  

 Tdewcell = the dewpoint temperature at the cell  

 Tavgws = the average daily temperature for the average elevation in the watershed  

 Tmaxws = the maximum daily temperature for the average elevation in the watershed  

 Tminws = the minimum daily temperature for the average elevation in the watershed 

 Tdew = the dewpoint temperature for the average elevation in the watershed  

 Elevcell = the elevation of the cell  

 Elevref = the elevation of the reference station  

 Slopecell = the slope of the cell  

 Azimuthcell = the azimuth of the cell  

 DOY = the calendar day of the year  

 wind = the wind speed at the reference location  

 Krs = the adjustment to incoming solar radiation for sky clearness 

 latitude = the average latitude of cells in the basin 

 albedo = the specified albedo of the cell 
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Next, the volume of runon from upstream cells is converted to an equivalent height for the cell 

water balance.  The total water applied to the cell includes precipitation, runon, and snowmelt.  

If the total water applied exceeds the saturated hydraulic conductivity of the upper soil layer, the 

excess water becomes runoff.  The remaining water is added to the water levels in Layer 1 of 

the cell and the GroupBalance function is called to update the water levels in all nodes, and 

compute runoff and net infiltration.  The runoff is added to the runon term in the downstream 

cell. 

The amount of evaporation, transpiration, and the resultant changes in nodal water levels are 

computed in ET_fcn: 

),
,,,,,,,,,,,,(_

41

414141max

pThick
SnowTAWTEWREWWPFCWlevelRefETfKcKcbDOYfcnET c

−

−−−  (19) 

where DOY = the calendar day of the year 

 Kcb = the basal transpiration coefficient 

 Kcmax = the maximum basal transpiration coefficient  

 fc = the canopy cover fraction  

 RefET = the reference evapotranspiration 

 Wlevel1-4 = the water levels in Nodes 1 through 4  

 FC1-4 = the water level equivalent to field capacity in Nodes 1 through 4  

 WP1-4 = the water level equivalent to the wilting point in Nodes 1 through 4 

 p = the depletion coefficient that controls when transpiration is reduced due to 

water stress 

After the water balance has been computed for each cell in the watershed, the main routine 

prints results to the output files. 
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2.1.6 Functions 

2.1.6.1 BalanceFC_fcn 

This function calculates water redistribution between nodes for a cell using the field capacity 

method, and computes runoff and net infiltration.  If precipitation or snowmelt occurs on a 

particular day, BalanceFC_fcn is called twice—first for the duration of the precipitation/melting 

event and then for the balance of the day.  If no precipitation or melting occurs, water in excess 

of the field capacity may yet exist in one or more nodes due to precipitation or melting on a 

previous day.  For this case, BalanceFC_fcn is called once for the entire day. 

The initial step in the function is to reduce the soil and bedrock saturated hydraulic 

conductivities for the fraction of the day for the calculation, as follows: 

 
fracDtKrockKrock

fracDtKsoilKsoil

frac

frac

⋅=

⋅=
 (20) 

where Ksoilfrac = the reduced soil hydraulic conductivity (mm)  

 Ksoil = the soil saturated hydraulic conductivity (mm/d)  

 fracDt = the fraction of the day for the balance calculation (day)  

 Krockfrac = the reduced bedrock saturated hydraulic conductivity (mm)  

 Krock = the bedrock saturated hydraulic conductivity (mm/d) 

The next step is to calculate the amount of water that can drain from Node 1 if the water level in 

Node 1 exceeds field capacity.  Drainage is the minimum of the difference between the water 

level and field capacity or the reduced soil hydraulic conductivity.  The water level in Node 1 is 

reduced for any drainage that occurs from Node 1, as follows: 

  (21) 
111

111 0),min(

DrainWlevelWlevel

FCWlevelKsoilDrain frac

−=

≥−=

where Drain1 = the drainage from Node 1 (mm) 
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 Ksoilfrac = the reduced soil saturated hydraulic conductivity (mm)  

 Wlevel1 = the water level in Node 1 (mm)  

 FC1 = the water level equivalent of field capacity (mm) 

Next, the drainage from Node 2 is calculated if the water level in Node 2 is greater than field 

capacity.  Drainage is the minimum of the water level and field capacity drainage or the adjusted 

soil hydraulic conductivity, as follows: 

  (22) 
222

222 0),min(

DrainWlevelWlevel

FCWlevelKsoilDrain frac

−=

≥−=

where Drain2 = the drainage from Node 2 (mm) 

 Ksoilfrac = the adjusted soil saturated hydraulic conductivity (mm)  

 Wlevel2 = the water level in Node 2 (mm) 

 FC2 = the water level equivalent of field capacity (mm) 

If drainage from Node 2 is less than the adjusted soil hydraulic conductivity and there is water in 

Node 1 in excess of the saturated water content water level (θs_level1), the excess water in 

Node 1 is transferred to Node 2 and drainage from Node 2 is recomputed, as follows: 
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Similarly, if there is excess water in Node 2 and drainage in Node 1 is not at the maximum, 

water is transferred from Node 2 to Node 1 and Node 1 drainage is recomputed, as follows: 
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 (24) 

Then the drainage from Nodes 1 and 2 in Layer 1 is added to the water level in Layer 2 

(Node 3), as follows: 

 ( ) 2133 1 DrainfDrainfWlevelWlevel cc ⋅+−+=  (25) 

Water in excess of field capacity Layer 2 (Node 3) is added to Layer 3 (Node 4), as follows: 

 
( )
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333

33

333

,min
0

DrainWlevelWlevel
DrainWlevelWlevel

KsoilDrainDrain
FCWlevelDrain
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+=
−=

=
≥−=

 (26) 

Water in excess of field capacity in Layer 3 (Node 4) becomes net infiltration, as follows: 

 

4

444

444 0),,min(

DrainInfil
DrainWlevelWlevel

KrockKsoilFCWlevelDrain fracfrac

=
−=

≥−=

 (27) 
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After net infiltration has been computed, any water in excess of the saturated water content in 

the layers is passed back up to the overlying layer.  If water is in excess of the saturated water 

content in Layer 3 (Node 4), the excess water is added to Layer 2 (Node 3), as follows: 

 
( )

44

4433

_
_

levelsWlevel
levelsWlevelWlevelWlevel

θ
θ

=
−+=

 (28) 

If water is in excess of the saturated water content in Layer 2 (Node 3), it is passed back up to 

Layer 1 and is proportioned between Nodes 1 and 2 based on the original drainage, as follows: 
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 (29) 

If the water level of Node 1 is greater than the saturation limit and the water level of Node 2 is 

below the saturation limit, the excess water in Node 1 is transferred to Node 2 up to the capacity 

of Node 2 before computing runoff, as follows: 
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 (30) 

Similarly, if the water content in Node 2 is greater than the saturated water content and the 

water level in Node 1 is less than the saturated water content, the excess water in Node 2 is 

passed to Node 1 up to the saturated water content of Node 1 before computing runoff, as 

follows: 
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Water in excess of the saturated water content in Nodes 1 and 2 is transferred to runoff, as 

follows: 
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 (32) 

The function returns the water levels in each of the nodes, runoff, and net infiltration. 

2.1.6.2 BalanceVGM_fcn 

The VGM balance model is very similar to the field capacity model except that drainage from 

nodes is calculated using the van Genuchten–Mualem equation for the water content of the 

node.  Unlike the field capacity model, where drainage is instantaneous when wetted above the 

field capacity point and zero below the field capacity point, the VGM model allows for 

continuous drainage at progressively slower rates.  Like BalanceFC_fcn, BalanceVGM_fcn is 

called once on “dry” days and twice on days having precipitation or snowmelt. 

The initial step in the function is to reduce the soil and bedrock saturated hydraulic 

conductivities for the fraction of the day for the calculation, as follows: 

 
fracDtKrockKrock

fracDtKsoilKsoil

frac

frac

⋅=

⋅=
 (33) 
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where Ksoilfrac = the reduced soil hydraulic conductivity (mm) 

 Ksoil = the soil saturated hydraulic conductivity (mm/d) 

 fracDt = the fraction of the day for the balance calculation (day) 

 Krockfrac = the reduced bedrock saturated hydraulic conductivity (mm)  

 Krock = the bedrock saturated hydraulic conductivity (mm/d) 

The next step is to calculate the water content in Node 1 (θ1), as follows: 

 
1

1
1 Thick

Wlevel
=θ  (34) 

where Wlevel1 = the water level in Node 1 

 Thick1 =the thickness of Node 1 

The drainage from Node 1 is equivalent to the unsaturated hydraulic conductivity corresponding 

to the above water content assuming a unit gradient.  The van Genuchten–Mualem equation is 

used to estimate the unsaturated hydraulic conductivity at the water content: 

 ),,,,,(_)( 111 ThickWlevelmsrKsoilfcnKthetaK fracu θθθ =  (35) 

where θr = the residual water content 

 θs = the saturated water content 

 m = the van Genuchten curve fitting parameter 

 Wlevel1 = the water level in Node 1 

 Thick1 = the thickness in Node 1   

Drainage from Node 1 (drain1) is the minimum of the unsaturated hydraulic conductivity or the 

water available: 

 ))(,min( 1111 θθ uKThickrWleveldrain ⋅−=  (36) 
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The water level in Node1 is then adjusted for drainage: 

 111 DrainWlevelWlevel −=  (37) 

Drainage from Node 2 is computed next in a similar manner as Node 1: 
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 (38) 

If drainage from Node 2 is below the adjusted soil hydraulic conductivity limit and there is water 

in Node 1 in excess of the saturated water content water level (θs_level1), the excess water in 

Node 1 is transferred to Node 2 and drainage from Node 2 is recomputed: 
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 (39) 

Similarly, if there is excess water in Node 2 and drainage in Node 1 is not at the maximum, 

water is transferred from Node 2 to Node 1 and Node 1 drainage is recomputed: 
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 (40) 

Then the drainage from Nodes 1 and 2 in Layer 1 is added to the water level in Layer 2 

(Node 3): 

 ( ) 2133 1 DrainfDrainfWlevelWlevel cc ⋅+−+=  (41) 

Drainage from Layer 2 (Node 3) is calculated using the van Genuchten-Mualem equation.  Any 

drainage from Layer 2 (Node 3) is added to Layer 3 (Node 4), as follows: 
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Drainage from Layer 3 (Node 4) is computed using a field capacity approach.  Water in Layer 3 

above field capacity is beyond the root zone and will eventually become net infiltration at rates 

limited by the soil or bedrock saturated hydraulic conductivity.  The VGM model predictions of 
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recharge for this layer may be delayed by years without further discretization, and although the 

water will ultimately become net infiltration, the timing of recharge will likely be beyond the 

simulation time of the scenario.  Therefore, a field capacity approach identical to the 

BalanceFC_fcn function is used here: 
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 (43) 

The remainder of the BalanceVGM_fcn function is the same as the BalanceFC_fcn function.  

After net infiltration has been computed, any water in excess of the saturated water content in 

the layers is passed back up to the overlying layer.  If water is in excess of the saturated water 

content in Layer 3 (Node 4), the excess water is added to Layer 2 (Node 3): 
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If water is in excess of the saturated water content in Layer 2 (Node 3), it is passed back up to 

Layer 1 and is proportioned between Nodes 1 and 2 based on the original drainage, as follows: 
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If water is greater than the saturated water content in Node 1 but is less than the saturated 

water content in Node 2, the excess water in Node 1 is transferred to Node 2 up to the capacity 

of Node 2 before computing runoff: 
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Similarly, if the water content in Node 2 is greater than the saturated water content but the water 

level in Node 1 is less than the saturated water content, the excess water in Node 2 is passed to 

Node 1 up to the saturated water content of Node 1 before computing runoff: 
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Water in excess of the saturated water content in Nodes 1 and 2 is transferred to runoff: 
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The function returns the water levels in each of the nodes, runoff and net infiltration. 

2.1.6.3 cdepth_fcn 

This function calculates the depth of each layer in a cell based on the total thickness of the cell.  

If the total thickness of the cell is less than evaporation layer thickness (Ze, specified by user), 

the thickness of Layer 1 (Nodes 1 and 2) is set to the total thickness and the thicknesses of 

Layers 2 (Node 3) and 3 (Node 4) are set to zero.  If the total thickness is greater than the 
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evaporation layer thickness but less than the rooting depth, the thickness of Layer 1 is set to the 

evaporation layer thickness, the thickness of Layer 2 is set to the difference between the total 

soil thickness and the evaporation layer thickness, and Layer 3 thickness is set to zero.  If the 

soil thickness is greater than the rooting depth, Layer 1 is set to the evaporation layer thickness, 

Layer 2 is set to the rooting depth minus the evaporation layer thickness, and Layer 3 is set to 

the total thickness minus the rooting depth.  This function is called once for each cell during the 

calculation of initial properties. 

2.1.6.4 CellP_fcn 

This function calculates the atmospheric pressure at a cell for a given elevation (Allen et al., 

1998, Equation 7): 
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0065.02933.101 ⎟
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⎛ −

=
zP  (49) 

where P = the atmospheric pressure (kPa) 

 z = the elevation above sea level in meters 

2.1.6.5 Dc_fcn 

This function calculates the depletion depth of the evaporative layer covered by vegetation 

canopy (Layer 1, Node 2).   

 ( ) 0,min 22 ≥−= TEWWlevelFCDc  (50) 

where Dc = the depletion depth (mm) 

 FC2 = the field capacity in Node 2  

 Wlevel2 = the water level in Node 2 

 TEW = the total evaporable water 

Depletion depth is a measurement of how far the water level in the node is below field capacity.  

When the water level in the cell is at or above field capacity, the depletion depth is zero.  When 
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the water level is at one-half the wilting point, the depletion depth is at a maximum equal to the 

total evaporable water (e.g., Demax = TEW = (FC – ½WP) in units of mm). 

2.1.6.6 De_fcn  

This function calculates the depletion depth of the bare soil fraction of the evaporative layer 

(Layer 1, Node 1): 

 ( ) 0,min 11 ≥−= TEWWlevelFCDe  (51) 

where De = the depletion depth (mm) 

 FC1 = the field capacity in Node 1 

 Wlevel1 = the water level in Node 1 

 TEW = the total evaporable water 

2.1.6.7 Dr_fcn 

This function calculates the root zone depletion depth: 

 
( )[ ] ( )[ ]

( )TAWDrDr
WlevelfWlevelfWlevelFCfFCfFCDr cccc

,min
011 321321

=
≥++−−++−=

 (52) 

where Dr = the root zone depletion depth 

 FC = the field capacity for the specified node 

 fc  = the vegetation canopy cover fraction  

 Wlevel = the water level in the specified node 

 TAW = the total available water for transpiration in the root zone 

Dr is always greater than zero and less than or equal to TAW. 

2.1.6.8 e0  

This function calculates the mean saturation vapor pressure as a function of air temperature 

(Allen et al., 1998, Equation 11): 
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 ⎥⎦
⎤

⎢⎣
⎡

+
=

3.237
27.17exp6108.00

T
Te  (53) 

where e0 = the saturation vapor pressure at the air temperature T (kPa) 

 T = the air temperature (°C) 

2.1.6.9 ET_fcn  

The ET_fcn calculates the amount of transpiration and evaporation from the cell for the day.  If 

there is no soil or evaporative layer thickness, the evaporation and transpiration are set to zero.  

Otherwise, the transpiration and evaporation are computed.  The depletion depth is calculated 

using the De_fcn for the bare soil fraction of Layer 1 (Node 1): 

 ( )TEWWlevelFCfcnDeDe ,,_ 11=  (54) 

where De = the depletion depth 

 FC1 = the water level equivalent to field capacity in Node 1 

 Wlevel1 = the water level in Node 1 

 TEW = the total evaporable water   

Next, if the water level in Node 1 is greater than one-half the wilting point and there is no snow 

present, the evaporation from Node 1 is computed: 

 
( )
( )

( )( )c

c

fWPWlevelRefETKenEvaporatio
fKcbKcKrfcnKeKe

TEWREWDefcnKrKr

−−⋅=
=

( )

=

15.0,min
,,,_

,,_

11

max  (55) 

where Kr = the dimensionless evaporation reduction coefficient 

 REW = the readily evaporable water  

 Ke = the soil evaporation coefficient  

 Kcmax = the maximum basal transpiration coefficient  

 Kcb = the basal transpiration coefficient  

 fc = the canopy cover coefficient  
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 RefET = the potential reference evapotranspiration 

 WP1 = the water level equivalent to the wilting point in Node 1   

The evaporation is subtracted from the water level in Node 1, as follows: 

 
cf

nEvaporatioWlevelWlevel
−

−=
111  (56) 

Next, transpiration is computed for Layers 1 and 2 (Nodes 1 through 3).  The maximum 

transpiration possible from each node is calculated as follows: 

 
0max_
0max_

0max_

333

222

111

≥−=
≥−=

≥−=

WPWlevelTranspire
WPWlevelTranspire
WPWlevelTranspire

 (57) 

where Transpire_max1 through Transpire_max3 = the maximum transpirations from Nodes 1 

through 3 

 Wlevel1 through Wlevel3 = the water levels in Nodes 1 through 3 

 WP1 through WP3 = the water level equivalents for the wilting 

point in Nodes 1 through 3.   

The total maximum transpiration (Transpire_max) from the model cell is:  

 ( ) 321 max_max_1max_max_ TranspirefTranspirefTranspireTranspire cc +⋅+−=  (58) 

Transpiration is not limited to the canopy covered fraction and occurs in Layers 1 and 2 

(Nodes 1 through 3) over the entire area of the cell.  If Transpire_max is greater than zero, the 

actual total transpiration is computed.  First the depletion depth for the root zone is calculated: 

 ( )cfTAWWlevelFCfcnDrDr ,,,_ 3131 −−=  (59) 
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Next, the unadjusted evapotranspiration is computed as follows (Allen et al., 1998, 

Equation 69): 

 ( ) RefETKcbKET ec +=  (60) 

The water stress coefficient is as follows: 

 ( )pETTAWDrfcnKsKs c ,,,_=  (61) 

where Ks = the transpiration reduction coefficient due to water stress 

 p = the fraction of the total available water (TAW) for transpiration that is readily 

available 

Actual total transpiration is as follows: 

 ( )maxmin spire_RefET,TranKcbKsionTranspirat ⋅⋅=  (62) 

The transpiration is then proportioned between the nodes using the extension to FAO-56 

described by Allen et al. (2005a).  If the water level in Node 1 is above the wilting point, Node 1 

transpiration coefficient (Ktp) is: 

 ( )ThickTAWTEWDrDefcnKtpKtp ,,,,_=  (63) 

where Thick = the thickness of each node   

The transpiration from Node 1 is: 

 ( )11 max_,min TranspireionTranspiratKtpionTranspirat ⋅=  (64) 

Similarly, the transpiration from the fraction of Layer 1 covered by the vegetation canopy 

(Node 2) is calculated as follows: 
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  (65) 

( )
( )

( )22

22

_,min
,,,,_

,,_

maxTranspireionTranspiratKtpcionTranspirat
ThickTAWTEWDrDcfcnKtpcKtpc

TEWWlevelFCfcnDcDc

⋅=
=

=

The transpiration from the root zone (Layer 2, Node 3) is: 

( )( )3213 _,1min maxTranspirefionTranspiratfionTranspirationTranspirationTranspirat cc −−−=  

 (66) 

Next, the total transpiration is recalculated: 

 ( ) 321 1 ionTranspiratfionTranspiratfionTranspirationTranspirat cc ++−=  (67) 

The water levels are adjusted for transpiration, as follows: 

 

333

222

111

ionTranspiratWlevelWlevel
ionTranspiratWlevelWlevel
ionTranspiratWlevelWlevel

−=
−=
−=

 (68) 

The function returns the updated water levels, total transpiration, and total evaporation. 

2.1.6.10 Fr_fcn  

This function calculates the stomatal resistance correction factor, as follows (Allen et al., 1998, 

Equation 102): 

 
( )

⎟
⎠
⎞

⎜
⎝
⎛ ++Δ

++Δ
=

100
34.01

34.01

2

2

lru

u
Fr

γ

γ
 (69) 

where Fr = the resistance correction factor  

 Δ = the slope of the saturation vapor pressure temperature relationship (kPa/°C) 
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 u2 = the mean daily wind speed at 2 meters above ground (m/s)  

 γ = the psychrometric constant (kPa/°C)  

 rl = the mean leaf resistance (s/m)   

The mean leaf resistance for the ET0 reference grass and many agricultural crops is 100 s/m 

(Allen et al., 1998). 

2.1.6.11 GroupBalance 

The GroupBalance function calls the appropriate balance model specified by the user (e.g., field 

capacity balance model or VGM balance model) for the fraction of the day where precipitation, if 

any, occurs and for the non-precipitation fraction of the day.  The function returns the total net 

infiltration and runoff for the cell for the day and updates the water levels in each node based on 

the balance model results. 

2.1.6.12 Kcb_fcn  

This function calculates the basal transpiration coefficient (Kcb), the maximum basal 

transpiration coefficient (Kcmax), and the canopy cover fraction.  The first step is to estimate the 

minimum relative humidity from the vapor pressure, as follows (Allen et al., 1998, Equation 10): 

 100
max)(0

)(0
min ⋅=

Te
TdeweRH  (70) 

where RHmin = the daily minimum relative humidity  

 e0 = the function described above 

 Tdew = the daily dewpoint temperature (°C) 

 Tmax = the maximum daily temperature (°C) 

Next, the adjustment for the crop coefficient based on wind speed, minimum relative humidity, 

and plant height is estimated (e.g., Allen et al., 1998, Equations 62 and 100): 
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 ( ) ( )[ ]
3

1

min2 3
45004.0204.0 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−⋅−−= planth

RHuadjust  (71) 

where adjust = the transpiration coefficient adjustment 

 u2 = the mean daily wind speed (m/s) 

 RHmin = the daily minimum relative humidity calculated above 

 hplant = the plant height (m)  

If there is no vegetation present on the cell (e.g., bare rock), the Kcb value is set to Kcmin, Kcmax 

is set to 1.2 + adjust, and the canopy cover fraction (fc) is set to a minimum of 0.0001.  If 

vegetation is present, the function KcbStage_fcn is called to obtain the Kcb for the day of the 

year.  The Kcb is then adjusted using the adjustment factor calculated above, as follows: 

 adjustKcbKcb stage +=  (72) 

If the adjusted Kcb is less than the initial transpiration coefficient (Kcbini), the Kcb is set to Kcbini.  

The maximum Kc (Kcmax) is equal to 1.2 + adjust or Kcb + 0.05, whichever is greater (Allen et 

al., 1998, Equation 75).  The canopy cover fraction is calculated according to Allen et al. (1998) 

(Equation 76), as follows: 

 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

+

0001.0,max
5.01

minmax

min
planth

c KcKc
KcKcb

f  (73) 

where fc = the canopy cover fraction  

 Kcb = the basal transpiration coefficient calculated above 

 Kcmin = the minimum transpiration coefficient for bare soil specified by the user 

 Kcmax = the maximum transpiration coefficient calculated above 

 hplant = the plant height (m) 
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2.1.6.13 KcbFull_fcn  

This function estimates the transpiration coefficient for natural vegetation with full ground cover 

during the peak of the growing season (Kcbfull).  The first step is to estimate Kcb for full cover 

vegetation under sub-humid and calm wind conditions (Kcbh), as follows (Allen et al., 1998): 

 20.11.00.1 ≤+= hKcbh  (74) 

where h = the plant height   

For vegetation greater than 2 meters in height, Kcbh is limited to a value of 1.20 (Allen et al., 

1998).  Kcbfull is then estimated for the site climate conditions using Allen et al. (1998), 

Equation 100, as follows: 

 ( ) ( )[ ]
3.0

min2 3
45004.0204.0 ⎟

⎠
⎞

⎜
⎝
⎛−−−+=

hRHuKcbKcb hfull  (75) 

where u2 = the daily mean wind speed (m/s) 

 RHmin = the daily minimum relative humidity  

 h = the plant height 

2.1.6.14 KcbLAI_fcn  

The basal transpiration coefficient is estimated from LAI as follows (Allen et al., 1998, 

Equation 97): 

 ( ) ( )( )LAIKcKcbKcKcb full ⋅−−⋅−+= 7.0exp1minmin  (76) 

where Kcmin = the minimum Kc for bare soil (user input) 

 Kcbfull = the basal Kcb for peak plant height and cover (calculated in Kcbfull_fcn)  

 Kcb = the basal transpiration coefficient 

The function then adjusts Kcb using the stomatal resistance adjustment as follows (Allen et al., 

1998, p. 191-193): 
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 FrKcbKcb ⋅=  (77) 

where Fr = the stomatal resistance correction factor (Allen et al., 1998, Equation 102) 

calculated in the function Fr_fcn 

2.1.6.15 KcbStage_fcn  

This function estimates the Kcb for any day of the year based on the start of the growth stages 

specified by the user using a simple lookup algorithm.  During periods of plant development and 

plant decline, the Kcb is linearly interpolated between Kcbini and Kcbmid for the development 

stage or Kcbmid and Kcbend for the decline stage.  Adjustments are made if the year is a leap 

year. 

2.1.6.16 KdewOffset_fcn 

This function calculates the dewpoint offset based on the day of the year.  In arid climates, the 

dewpoint temperature is typically less than the daily minimum temperature.  The DPWM allows 

for either a constant dewpoint offset from the daily minimum temperature or a harmonic fit to 

observed dewpoint offset from measurements of minimum relative humidity and temperature.  

The harmonic fit equation is as follows: 

 ( ) CVDOY
L

AKo +⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛ −⋅=

π2sin  (78) 

where A, L, V, and C = the fitted parameters of the harmonic function supplied by the user 

 DOY = the day of the year   

If C is specified by the user as negative, the harmonic fit is not used and the absolute value of C 

is used as a constant offset. 

2.1.6.17 Ke_fcn  

This function calculates the reduction in evaporation as the soil dries in the evaporative layer 

(Allen et al., 1998, Equation 71): 
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 ( ) maxmax KcfKcbKcKrKe ew≤−=  (79) 

where Ke = the soil evaporation coefficient  

 Kr = the dimensionless evaporation reduction coefficient (calculated outside of this 

function by Kr_fcn) 

 Kcmax = the maximum value of Kc following rain or irrigation 

 Kcb = the basal crop coefficient  

 few  = the fraction of the soil that is both exposed and wetted   

2.1.6.18 Kr_fcn  

This function calculates the dimensionless evaporation reduction coefficient for the evaporative 

layer.  If all of the water that is available for evaporation (TEW) has been depleted, then Kr is 

equal to zero.  If the soil water in the evaporative layer exceeds the amount of readily 

evaporable water (REW), then Kr is equal to 1.  Otherwise, Kr ranges from 0 to 1 based on the 

following equation (Allen et al., 1998, Equation 74): 

 
REWTEW
DeTEWKr

−
−

=  (80) 

where De = the cumulative depth of evaporation (depletion) in the evaporative layer 

 REW = the readily evaporable water equal to the difference between the field capacity 

and one-half the wilting point 

2.1.6.19 Krel_fcn  

This function calculates the relative permeability (Krel) using the van Genuchten–Mualem 

equation.  If the water content is less than the residual water content, Krel is set to zero.  

Otherwise the relative permeability is calculated as follows (Selker et al., 1999): 

 

2
1

11
⎥
⎥
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⎦

⎤

⎢
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⎣

⎡

⎟
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⎜
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⎝

⎛
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where θ = the water content of the node (L3/L3) 

 θr = the residual water content (L3/L3) 

 θs = the saturated water content (L3/L3) 

 m = the dimensionless van Genuchten exponent 

2.1.6.20 Ks_fcn  

This function calculates the reduction in transpiration due to the depletion in water content in the 

root zone.  The transpiration reduction coefficient (Ks) is calculated as follows (Allen et al., 

1998, Equation 84): 

 
RAWTAW
DrTAWKs

−
−

=  (82) 

where TAW = the total available water for transpiration 

 Dr = the root zone depletion 

 RAW = the readily available water for transpiration   

RAW is computed from TAW as follows (Allen et al., 1998, Equation 83): 

 TAWpRAW ⋅=  (83) 

where p = the average fraction of TAW that can be depleted from the root zone before 

moisture stress reduces ET   

The value of p depends on the plant and the climate and ranges from 0.30 for shallow rooted 

plants under high ET to 0.70 for deep rooted plants with low ET.  The DPWM adjusts the user-

supplied value of p depending on ET, as follows (Allen et al., 1998): 

 ( )cadj ETpp −+= 504.0  (84) 

where p = the user-supplied value  

 ETc = the potential ET for the given plant   
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The value of padj is constrained to be between 0.1 and 0.8. 

2.1.6.21 Ktheta_fcn  

The Ktheta_fcn estimates the unsaturated hydraulic conductivity based on the relative 

permeability calculated by the function Krel_fcn.  The unsaturated hydraulic conductivity as a 

function of water content [K(θ)] is estimated as follows: 

 fcnKrelKsatK _)( ⋅=θ  (85) 

where Ksat = the saturated hydraulic conductivity   

If the water level is greater than the thickness of the layer, K(θ) is set to Ks.  Assuming a unit 

gradient, the rate of drainage from the layer is equivalent to the unsaturated hydraulic 

conductivity.  This function is used in the VGM balance model.   

2.1.6.22 Ktp_fcn  

This function implements one of the extensions to the FAO-56 method described by Allen et al. 

(2005a) where transpiration is proportioned between the evaporative layer and root layer 

depending on the water contents of each layer and the rooting depth of the vegetation.  The 

function Ktp_fcn is for bare soil node of Layer 1 (Node 1).  The proportion of basal transpiration 

extracted from the evaporative layer is as follows (Allen et al., 2005a, Equation 29): 

 
6.0
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⎜
⎝
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⎟
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⎠

⎞

⎜
⎜
⎜
⎜

⎝

⎛

−

−
=

Zr
Ze

TAW
Dr

TEW
De

Ktp  (86) 

where De = the cumulative depletion in Node 1 (bare soil fraction of evaporative layer)  

 Dr = the cumulative depletion in Node 3 (root layer)  

 TEW = the total evaporable water  

 TAW = the total available water  

 Ze = the evaporation layer depth  
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 Zr = the rooting depth 

2.1.6.23 Ktpc_fcn  

This function implements the extension to the FAO-56 method where transpiration is 

proportioned between the evaporative layer and root layer.  This function is virtually the same as 

Ktp_fcn except that Ktpc_fcn is for the fraction of the evaporative layer that is covered by the 

plant canopy (Node 2).  The proportion of basal transpiration extracted from the evaporative 

layer is calculated as follows (Allen et al., 2005a, Equation 29): 
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where Dc = the cumulative depletion in Node 2 (canopy covered fraction of evaporative layer)  

 Dr = the cumulative depletion in Node 3 (root layer) 

 TEW = the total evaporable water 

 TAW = the total available water  

 Ze = the evaporation layer depth  

 Zr = the rooting depth 

2.1.6.24 Precip_elev_cor_fcn  

This function estimates the precipitation at a cell for a given elevation based on the reference 

precipitation value for the day supplied by the climate file.  The correction to precipitation for 

elevation is based on the slope of the correlation between precipitation and elevation supplied 

by the user.  The elevation correction for precipitation is as follows: 

 ( )( )CprecipelevelevPP refcellrefcell −+= 1  (88) 

where Pcell = the daily precipitation at the cell (mm)  

 Pref = the reference precipitation supplied in the user file (mm) 

 elevcell = the elevation of the cell (m) supplied in the watershed file 
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 elevref = the elevation of the reference precipitation supplied in the parameter input 

file (m)  

 Cprecip = the correlation between precipitation and elevation (mm/m)   

Although negative values for daily precipitation are not expected, this function is set to zero if 

the result is negative. 

2.1.6.25 Psych_fcn  

This function calculates the psychrometric constant, as follows (Allen et al., 1998, Equation 8): 

 
ελ

γ
Pc p=  (89) 

where γ  = the psychrometric constant (kPa/°C)  

 cp = the specific heat at constant pressure (1.013 x 10–3 MJ/(kg°C) )  

 P = the atmospheric pressure  

 ε  = the ratio of molecular weight of water vapor to dry air (0.622)  

 λ  = the latent heat of vaporization (2.45 MJ/kg) 

2.1.6.26 RefET_fcn  

This function calculates the reference evapotranspiration adjusted for the slope and azimuth of 

the cell.  Values of latitude, slope, and aspect provided in units of degrees are converted to 

radians at the beginning of RefET_fcn.  The procedure is the same as that described by Allen 

and Trezza (2006). 

Step 1:  The mean daily dewpoint temperature is set to the reference dewpoint temperature: 

 refTdewTdew =  (90) 

Step 2:  The general, actual vapor pressure (ea) is calculated for use in the Penman-Monteith 

equation and for estimating precipitable water (W) over the watershed, as follows (Allen et al., 

1998, Equation 14): 
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 ⎥⎦
⎤

⎢⎣
⎡

+
⋅

⋅=
3.237

27.17exp6108.0_ Tdew
Tdewe generala  (91) 

ea_general is in units of kPa.  It is assumed that the entire air mass over the watershed has this 

actual vapor pressure. 

Step 3:  The inverse square relative distance between the earth and the sun (dr) is then 

calculated for use in the Ra calculation, as follows (Allen et al., 1998, Equation 23): 

 ⎟
⎠
⎞

⎜
⎝
⎛+= DOYdr 365

2cos033.01 π
 (92) 

where DOY = the calendar day of the year between January 1 and December 31 

Step 4:  The declination of the earth (δ) is then calculated as follows (Allen et al., 1998, 

Equation 24): 

 ⎥⎦
⎤

⎢⎣
⎡ −= 39.1
365
2sin409.0 DOYπδ  (93) 

Step 5:  The sunset hour angle (ws) for a horizontal surface is then calculated as follows (Allen 

et al., 1998, Equation 25): 

 ( ) ( )[ ]δω tantancos Latitudears −=  (94) 

where latitude = the average latitude of the watershed 

Step 6:  Extraterrestrial radiation on a horizontal surface for a 24-hour period (Ra_hor) is 

calculated as follows (Allen et al., 1998, Equation 21): 

 
( ) ( ) ( ) ( ) ( ) ([ ]ssrschora LatitudeLatitudedGR ωδδω
π

sincoscossinsin6012
_ +⋅= )  (95) 
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where Gsc = the solar constant (0.0820 MJ/(m2min))   

 Latitude = the average latitude of the watershed 

Step 7:  The sine of mean solar elevation over a 24-hour period weighted by extraterrestrial 

radiation is calculated as follows (Allen et al., 2005b, Equation D-5): 

 ( ) 001.042.039.1
365
2sin3.085.0sinsin 2

24 ≥⎥
⎦

⎤
⎢
⎣

⎡
−⎟

⎠
⎞

⎜
⎝
⎛ −⋅+= LatitudeDOYLatitude πβ  (96) 

The value of sinβ24 is limited to values greater than 0.001 for numerical stability in Step 10. 

Step 8:  The mean atmospheric pressure for the reference weather station is calculated using 

the elevation of the weather station, as follows (Allen et al., 1998, Equation 7): 
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= ref
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P  (97) 

where Elevref = the reference elevation of the weather station 

Step 9:  Precipitable water (W) at the reference location is calculated as follows (Allen et al., 

2005b, Equation D-3): 

 1.214.0 _ +⋅⋅= refgenerala PeW  (98) 

where W = the precipitable water over the watershed 

Step 10:  The 24-hour transmissivity for beam radiation is calculated as follows (Allen et al., 

2005b, Equation D-2): 
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where Pref = the atmospheric pressure at the reference location (kPa) 

 W = the precipitable water in the atmosphere (mm) 

 Kcln = the atmospheric clearness (turbidity) coefficient   

Kcln ranges from less than 0.5 for extremely turbid, dusty or polluted air to 1.0 for clean air.  The 

air in Big Bear Valley is expected to be clear; therefore, the value of Kcln is set as 1.0 in the 

code. 

Step 11:  The 24-hour transmissivity for diffuse radiation is calculated as follows (Allen et al., 

2005b, Equation D-4): 

 
15.082.018.0

15.036.035.0

___

___

<−=

≥−=

horBohorBohorDo

horBohorBohorDo

KforKK

KforKK
 (100) 

Step 12:  Clear sky solar radiation over the 24-hour period is calculated as follows (Allen et al., 

2005b, Equation D-1): 

 ( ) horahorDohorBohorso RKKR ____ +=  (101) 

Step 13:  “Measured” solar radiation on a horizontal surface is estimated using Hargreave’s 

method, as follows (Allen et al., 1998, Equation 50): 

 horsohorarefrefrshorsm RRTTkR ___ minmax ≤−=  (102) 

where Rsm_hor = the estimated “measured” solar radiation (MJ/(m2d))  

 krs = the adjustment coefficient (typically 0.16 to 0.19)  

 Tmaxref = the maximum daily temperature at the reference location (°C)  

 Tminref = the minimum daily temperature at the reference location (°C)   

Step 14:  The total short-wave transmissivity (also known as clearness index) associated with 

the “measured” Rs value is calculated as follows (Duffie and Beckman, 1980, Equation 2.9.2): 
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hora

horsm
horsw R

R

_

_
_ =τ  (103) 

Step 15:  The atmospheric transmissivity in Step 14 is partitioned into its diffusive and direct 

beam components.  The procedure as described by Trezza and Allen (2006) is adapted from 

Duffie and Beckman (1980, 1991), who cite Orgill and Hollands (1977).  Allen and Trezza 

(2006) rearranged the equations and made minor modifications to match measured 

transmissivity data at Yucca Mountain. 
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 (104) 

Step 16:  The actual direct beam transmissivity is calculated as the difference between total 

transmissivity and diffuse transmissivity, as follows (Allen, 1996, Equation 7): 

 horDhorswhorB KK ___ −= τ  (105) 

Step 17:  The direct beam radiation on the horizontal surface is calculated based on the 

measured Rsm_hor, as follows: 

 horahorBhorb RKI ___ ⋅=  (106) 

Step 18:  The diffuse component of measured Rsm_hor for a horizontal surface is calculated as 

follows: 

 horahorDhord RKI ___ ⋅=  (107) 

Step 19:  The albedo (αT) is the value specified by the user or estimated for snow cover: 
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 albedoT =α  (108) 

Step 20:  The ratio of beam radiation Rb on an incline to the beam radiation on a horizontal 

plane is calculated.  Allen and Trezza (2006) suggest making a lookup table for many slope-

aspect-day of year combinations, but the DPWM calculates the ratio exactly for the given slope-

aspect and day of year combination. 

Step 20a:  The effective latitude for a given slope and aspect is calculated as described by 

Revfeim (1976) (Equation 2): 

 ( ) ( )[ ])cos()sin(sincosarcsin πγϕϕ ++= sseff  (109) 

where ϕeff = the effective latitude 

 s = the slope in radians  

 ϕ = the average latitude for the watershed in radians  

 γ  = the surface aspect angle in radians 

Step 20b:  Check whether surface receives any direct beam radiation during the day.  If the cell 

does not receive any direct beam radiation (i.e., during winter on extreme northerly slopes), Rb 

is zero and the remaining Step 20 sub-steps are skipped: 

 0
2

=≥− Rbthenif eff
πδϕ  (110) 

where δ  = the declination from Step 4 

Step 20c:  Set up for the solution of daily integration limits for beam (direct) radiation using 

Duffie and Beckman (1991).  Parameter A for the slope-aspect combination is calculated as 

follows: 

 ( ) )sin()cos()tan(cos ssA γϕ+=  (111) 
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where s = the slope in radians 

 ϕ = the latitude in radians 

 g = the surface aspect angle in radians 

Step 20d:  Parameter B for the slope-aspect combination and day of the year is calculated as 

follows: 

 )cos()sin()tan()cos()cos( γδω ssB s +=  (112) 

where ws = the sunset hour angle from Step 5  

 s = the slope in radians 

 d = the solar declination from Step 4  

 g = the surface aspect angle in radians 

Step 20e:  Parameter C for the specified slope-aspect combination is calculated as follows: 

 
)cos(

)sin()sin(
ϕ

γsC =  (113) 

Step 20f:  The 24-hour integration limits on wsr and wss for the Rb equation are calculated 

assuming that the sun appears only once during a 24-hour period: 

 
( )

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧ ≥>>−

=

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

+

+−+⋅
=

otherwise

BAorBandAif

CA
CBACBAar

sr

sr
sr

ssr

ω

ω
ω

ωω

00

cos,min 22

222

 

 50  



 

 

 

 
D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 

 
( )

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

−

≥>>
=

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

+

+−−⋅
=

otherwise

BAorBandAif

CA
CBACBAar

sr

sr
sr

sss

ω

ω
ω

ωω

00

cos,min 22

222

 (114) 

The program checks that the square root term (A2 - B2 + C2) is positive and that the arcos 

terms are within the domain bounds of –1 to 1.  If the square root term is negative, wsr = –ws and 

wss = ws.  If one of the arcos terms is out of bounds, the respective integration limit is wsr = –ws 

and/or wss = ws.  Another check is performed before calculating Rb to prevent negative values of 

Rb.  Negative values for Rb may occur under conditions of very low sun angles during the day 

(e.g., winter) on north-facing slopes.  Negative values of Rb are prevented by changing the 

signs for the integration limits: 
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 (115) 

Step 20g:  The beam adjustment ratio Rb is calculated as follows: 
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Step 21:  The direct beam on the inclined surface for a given slope-aspect combination is 

calculated using the Rb adjustment factor from Step 20: 

 RbII horbb ⋅= _  (117) 

where Ib_hor is from Step 17.  Ib and Ib_hor have units of MJ/(m2d). 
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Step 22:  The anisotropic index is equivalent to the actual direct beam transmissivity (KB_hor): 

 horBt KA _=  (118) 

where KB_hor is from Step 16. 

Step 23:  The modulating function f is calculated as follows: 

 
horsm

horb

R
I

f
_

_=  (119) 

where Ib_hor is from Step 21 and Rsm_hor is from Step 13. 

Step 24:  The diffuse component for the inclined surface is calculated as follows: 

 ( ) ( ) ⎥
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Step 25:  The reflected radiation component for the inclined surface is calculated as follows: 

 ⎟
⎠
⎞

⎜
⎝
⎛ −

⋅⋅=
2

)cos(1
_

sRI Thorsmr α  (121) 

where αT = the albedo of the terrain (Step 19) 

 s = the slope in radians 

Step 26:  The total radiation received by the inclined surface is calculated as follows: 

 rdbincsm IIIR ++=_  (122) 

where Ib = the beam radiation on the incline (Step 21) 
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 Id = the anisotropic diffuse radiation on the incline (Step 24) 

 Ir = reflected radiation from lower-lying terrain (Step 25) 

Step 27:  Reproject Rsm_inc to a horizontal projection (equivalent), as follows: 

 
)cos(

_
_)( s

R
R incsm

horequivs =  (123) 

Step 28:  The mean saturation vapor pressure associated with the lapsed daily extreme 

temperature for the cell is calculated as follows: 

 
2

)min(0)max(0 cellcell
s

TeTe
e

+
=  (124) 

where Tmaxcell = the maximum temperature for the cell (°C) 

 Tmincell = the minimum temperature for the cell (°C) 

 e0 = the function described above 

Step 29:  The actual vapor pressure of the cell is limited to a value equal or greater than ea from 

Step 2: 

 ( )sgeneralaa eee ,min _=  (125) 

Step 30:  The slope of the saturation vapor pressure curve is calculated as follows: 

 )(__ cellTavgfcnesslope=Δ  (126) 

Step 31:  The atmospheric pressure at the cell is calculated as follows: 

 )(_ cellcell ElevfcnCellPP =  (127) 
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Step 32:  The psychrometric constant is calculated as follows: 

 )(_ cellc PfcnPsych=γ  (128) 

Step 33:  The horizontal equivalent for net short wave radiation on the incline is calculated as 

follows (Allen et al., 1998, Equation 38): 

 ( ) horequivsTns RR )(1 ⋅−= α  (129) 

Step 34:  The net outgoing radiation is calculated as follows (Allen et al., 1998, Equation 39): 
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where Rnl = the net outgoing longwave radiation (MJ/(m2d)) on a horizontal equivalent 

projection 

 s = the Stefan-Boltzmann constant at 4.903 x 10–9 MJ K–4 M–2 day–1  

 Tmaxcell,K = the maximum absolute temperature at the cell (°K)  

 Tmincell,K = the minimum absolute temperature at the cell (°K)  

 ea = the actual vapor pressure at the grid cell (kPa) 

 Rsm_hor = the measured or calculated solar radiation on a horizontal surface 

(MJ m–2 day–1)  

 Rsm_hor = the calculated clear-sky radiation on a horizontal surface (MJ m–2 day–1)   

The ratio of Rsm_hor/Rso_hor is limited to values less than or equal to 1. 

Step 35:  Net radiation on the inclined surface projected to a horizontal projection is calculated 

as follows (Allen et al., 1998, Equation 40): 

 nlnsn RRR −=  (131) 
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Step 36:  The reference evapotranspiration (ET0) is calculated as follows (Allen et al., 1998, 

Equation 6): 
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where ET0 = the reference evapotranspiration (mm/d) for an inclined surface but expressed 

on a horizontal basis 

 Rn = the net radiation at the incline (but horizontal projection) (MJ m–2 day–1)  

 G = the soil heat flux density, which is zero for daily time steps  

 Tavgcell = the average temperature at the cell (°C) 

 u2 = the wind speed at a 2-meter height provided from user input (m/s)  

 es = the saturation vapor pressure (kPa) 

 ea = the actual vapor pressure (kPa) 

 es – ea = the saturation vapor pressure deficit (kPa) 

 Δ = the slope of the vapor pressure curve (kPa/°C)  

 γc  = the psychrometric constant (kPa/°C) 

2.1.6.27 RH_min_fcn  

This function calculates the daily minimum relative humidity from the daily dewpoint and 

maximum temperatures, as follows (Allen et al., 1998, Equation 10): 

 100
max)(0

)(0
min ⋅=

Te
TdeweRH  (133) 

where RHmin = the daily minimum relative humidity 

 e0 = the function described above 

 Tdew = the daily dewpoint temperature (°C)  

 Tmax = the maximum daily temperature (°C) 
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2.1.6.28 slope_es_fcn  

This function estimates the slope of the saturation vapor pressure curve (Allen et al., 1998, 

Equation 13): 

 
( )23.237

3.237
27.17exp6108.04098

+

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛

+
=Δ

T
T

T

 (134) 

where D = the slope of the saturation pressure curve (kPa/°C)  

 T = the air temperature (°C) 

2.1.6.29 SnowB_fcn  

This function calculates the snowpack level, snowmelt, and sublimation of new snow.  If the 

average daily temperature is less than 0°C, precipitation occurs as snow and is added to the 

snowpack level.  The total seasonal sublimation of the snowpack specified by the user in the 

input file is applied all at once at the time of precipitation.  Snowmelt occurs if there is snowpack 

available and the daily average temperature is greater than 0°C.  The snowmelt occurs at the 

rate specified by the user in the input file. 

2.1.6.30 T_dew_fcn  

This function calculates the daily dewpoint temperature from the daily minimum temperature: 

 KoTTdew −= min  (135) 

where Tdew = the daily dewpoint temperature  

 Tmin = the daily minimum temperature from the climate input file  

 Ko = the dewpoint offset calculated from KdewOffset_fcn 

2.1.6.31 T_elev_cor_fcn 

This function returns the minimum, maximum, average, and dewpoint temperatures for a cell.  

The minimum and maximum temperatures are estimated for the elevation of the cell from the 

reference minimum and maximum temperatures, as follows: 
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 ( ) TcorCelevelevTrefTcell refcell _−−=  (136) 

where Tcell = the minimum or maximum temperature for the cell (°C)  

 Tref = the corresponding minimum or maximum reference temperature (°C) 

 elevcell = the elevation of the cell (m)  

 elevref = the elevation of the reference temperature (m)  

 C_Tcor = the correlation between temperature and elevation 

The average daily temperature for the cell is the average of the minimum and maximum 

temperatures estimated.  The dewpoint temperature is calculated from the minimum daily 

temperature using the function T_dew_fcn. 

2.1.6.32 Varying_f_c_fcn 

This function maintains the water balance as the sizes of Nodes 1 and 2 change with changing 

canopy cover.  Node 1 represents the bare soil area of the evaporative layer while Node 2 is the 

remaining area of the cell covered by vegetation canopy cover.  As the canopy cover changes, 

the corresponding volumes of Nodes 1 and 2 change and water must be transferred to maintain 

the water balance.   

If the canopy cover fraction (fc) decreases, the water level in Node 1 increases, as follows: 

 
( ) ( )

c

oldcoldcoldoldc

f
WlevelffWlevelf

Wlevel
−

−+−
=

1
1 _2__1_

1  (137) 

where Wlevel1 = the new water level in Node 1 (mm)  

 fc_old = the old canopy cover fraction  

 Wlevel1_old = the old water level in Node 1 (mm)  

 Wlevel2_old = the old water level in Node 2 (mm)  

 fc = the new canopy cover fraction   

The water level in Node 2 does not need to be changed when the canopy cover decreases to 

maintain the water mass balance in Layer 1. 
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If the canopy cover fraction increases, the water level in Node 2 increases, as follows: 

 
( )

c

oldoldccoldoldc

f
WlevelffWlevelf

Wlevel _1__2_
2

−+⋅
=  (138) 

where Wlevel2 = the new water level in Node 2 (mm)  

 fc_old = the old canopy cover fraction  

 Wlevel1_old = the old water level in Node 1 (mm)  

 Wlevel2_old = the old water level in Node 2 (mm)  

 fc = the new canopy cover fraction   

The water level in Node 1 does not need to be changed when the canopy cover increases to 

maintain the water mass balance in Layer 1. 

2.1.6.33 vg_head_to_wc  

This function calculates the water content for a given capillary pressure using the van 

Genuchten equation: 
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−
=

1
 (139) 

where θ = the water content (L3/L3) 

 θs = the saturated water content (L3/L3)  

 θr = the residual water content (L3/L3)  

 α and n = the van Genuchten curve fitting parameters (1/L and unitless, respectively) 

 m = the van Genuchten curve parameter calculated as m = 1 – 1/n   

 hc = the capillary pressure (L)   

This function is used to estimate water contents for the field capacity and wilting point pressure 

points. 
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2.1.6.34 vg_wc_to_head  

This function calculates the capillary pressure for a given water content based on the van 

Genuchten equation.  This equation is not directly used to calculate water balance components 

in the DPWM but is provided to output average capillary pressures associated with water 

contents in the cell nodes: 
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where hc = the capillary pressure  

 α and n = the van Genuchten curve fitting parameters  

 m = the van Genuchten curve parameter estimated from n as m = 1 – 1/n  

 θ = the water content  

 θr = the residual water content  

 θs = the saturated water content 
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Input 
File 

Row(s) Parameters Description Units 

1 CTcor Temperature lapse rate (dry adiabatic lapse rate) °C/m 
2 Kdew_amp Dewpoint offset - 1st order harmonic amplitude --- 
3 Kdew_wave Dewpoint offset - 1st order harmonic wavelength --- 
4 Kdew_Xoff Dewpoint offset - 1st order harmonic X offset --- 
5 Kdew_Yoff Dewpoint offset - 1st order harmonic Y offset °C 
6 elevref Elevation of reference weather station m 
7 elevavg Average elevation for entire basin m 
8 Latavg Average latitude for entire basin degree 
9 CPrecipcor Precipitation coefficient of elevation change mm/m 
10 Krs Adjustment coefficient in Hargreaves’ radiation 

formula 
°C–0.5 

11 CN2 Not currently used in DPWM --- 
12 Ze Evaporation layer depth m 
13 rew Readily evaporable water mm 
15–18 IC1 - IC4 Initial capillary pressure head in nodes 1 through 4 

for all cells 
cm 

19 p Depletion factor:  average fraction of total available 
soil water (TAW) that can be depleted from the root 
zone before moisture stress (reduction in ET) 
occurs [0 – 1]. 

--- 

20 albedo Terrain albedo --- 
21 Csublime Fraction of snowfall that eventually sublimates over 

entire season 
--- 

22 Csnowmelt Coefficients describing snow melting with 
temperature 

mm/day/°C

23 fc_switch Crop canopy coefficient (–1 indicates calculate 
internally) 

--- 

24 Kc_min Minimum transpiration coefficient (Kc) for dry 
surface soil (upper 0.10 to 0.15 m) with no 
vegetation cover 

--- 

25 head_fc Field capacity pressure head cm 
26 head_wp Wilting point pressure head cm 
27–56 soilks Soil saturated hydraulic conductivity m/s 
57–86 Reswc (θr) Residual water content --- 
87–116 nn (n) van Genuchten curve fitting exponent n --- 
117–146 Alpha (α) van Genuchten curve fitting parameter α 1/cm 
147–176 Porosity (θs) Saturated water content --- 
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Input 
File 

Row(s) Parameters Description Units 

177–205 Sdepth Soil depth m 
206–220 rockks Bedrock saturated hydraulic conductivity m/s 
221–231 hplant Mean maximum plant height m 
232–242 DS Calendar day for start of vegetation development day 
243–253 MS Calendar day for start of mid-season day 
254–264 ME Calendar day for end of mid-season day 
265–275 LE Calendar day for end of late seasons / start of 

dormancy 
day 

276–286 LAI Mid-season leaf area index --- 
287–297 LAIini Initial or early season leaf area index --- 
298–308 LAIlate Late season / dormant leaf area index --- 
309–319 rlmid Stomatal resistance for mid-season s/m 
320–330 Zr Mean maximum plant rooting depth m 
331–341 rlInit Stomatal resistance for initial or early season s/m 
342–352 rlLate Stomatal resistance for late or dormant season s/m 
353 P_adj Adjustment to precipitation (1.0 = no adjustment; 

line not used in early versions of DPWM) 
--- 

354 T_adj Adjustment to temperature (1.0 = no adjustment; 
line not used in early versions of DPWM) 

--- 

355 Cell_Output Output data on cell by cell basis (1 = yes, 0 = no; 
line not used in early versions of DPWM) 

--- 

356 Duration_slope Slope of regression between total daily 
precipitation and duration of precipitation with 
intercept set at 1.0.  If negative, duration from 
climate file is used. (line not used in early versions 
of DPWM) 

hr/mm 
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Well Pump Curves 
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APPENDIX C – BBCCSD Well Pump Curves 
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Well #3 Pump Curve
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Well #4A Pump Curve
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Well #8 Pump Curve
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Appendix D 

Hydraulic Model 
Steady-State Calibration 



Q1 Test 1 J_2 1250 0 87.26 56 62.75 6.75 12.1 24.51 -56
Q2 Test 1 J_14 0 0 93.76 0 77.16 77.16 16.6 0
R1 Test 1 J_13 0 80 83.37 3.37 4.2 Great 65 68.92 3.92 6 Great 14.45 15 -0.55 Great
R2 Test 1 J_23 0 52 60.84 8.84 17 Good 38 47.69 9.69 25.5 Good 13.15 14 -0.85 Great
R3 Test 1 J_7 0 58 63 5 8.6 Great 41 47.63 6.63 16.2 Good 15.37 17 -1.63 Great
R4 Test 1 J_1 0 50 49.13 -0.87 1.7 Great 24 27.54 3.54 14.8 Great 21.59 26 -4.41 Great
R5 Test 1 J_5 0 82 86.83 4.83 5.9 Great 62 66.42 4.42 7.1 Great 20.41 20 0.41 Great
R6 Test 1 J_15 0 96 98.09 2.09 2.2 Great 88 81.49 -6.51 7.4 Good 16.6 8 8.6 Good

Q1 Test 2 J18 1360 0 84.55 84.55 66 72.48 6.48 9.8 12.07 -66
Q2 Test 2 J_146 890 0 59.34 59.34 28 31.05 3.05 10.9 28.29 -28
R1 Test 2 J_141 0 70 68.44 -1.56 2.2 Great 43 44.28 1.28 3 Great 24.16 27 -2.84 Great
R2 Test 2 J20 0 85 87.58 2.58 3 Great 71 76.64 5.64 7.9 Good 10.94 14 -3.06 Great
R3 Test 2 J_259 0 82 88.02 6.02 7.3 Good 78 76.25 -1.75 2.2 Great 11.77 4 7.77 Good
R4 Test 2 J_137 0 75 76.25 1.25 1.7 Great 53 56.98 3.98 7.5 Great 19.27 22 -2.73 Great
R5 Test 2 J22 0 80 87.08 7.08 8.9 Good 56 65.37 9.37 16.7 Good 21.71 24 -2.29 Great
R6 Test 2 J_121 0 88 87.15 -0.85 1 Great 73 75.27 2.27 3.1 Great 11.88 15 -3.12 Great

Q1 Test 3 J_182 1320 0 84.86 84.86 62 66.66 4.66 7.5 18.2 -62
Q2 Test 3 J_180 1175 0 74.9 74.9 49 63.47 14.47 29.5 11.43 -49
R1 Test 3 J_186 0 90 91.79 1.79 2 Great 84 80.96 -3.04 3.6 Great 10.83 6 4.83 Great
R2 Test 3 J24 0 82 86.16 4.16 5.1 Great 69 71.8 2.8 4.1 Great 14.36 13 1.36 Great
R3 Test 3 J_189 0 83 85.3 2.3 2.8 Great 78 75.7 -2.3 2.9 Great 9.6 5 4.6 Great
R4 Test 3 J_192 0 76 77.06 1.06 1.4 Great 65 66.71 1.71 2.6 Great 10.35 11 -0.65 Great
R5 Test 3 J_178 0 60 60.16 0.16 0.3 Great 47 48.98 1.98 4.2 Great 11.18 13 -1.82 Great
R6 Test 3 J_252 0 88 85.28 -2.72 3.1 Great 80 78.48 -1.52 1.9 Great 6.8 8 -1.2 Great

Q1 Test 4 J28 1425 0 87.45 87.45 72 72.3 0.3 0.4 15.15 -72
Q2 Test 4 J26 1445 0 90.93 90.93 74 75.7 1.7 2.3 15.23 -74
R1 Test 4 J_268 0 99 100.44 1.44 1.5 Great 92 87.55 -4.45 4.8 Great 12.89 7 5.89 Good
R2 Test 4 J_802 0 87 90.04 3.04 3.5 Great 79 77.16 -1.84 2.3 Great 12.88 8 4.88 Great
R3 Test 4 J_285 0 90 84.82 -5.18 5.8 Good 81 72.85 -8.15 10.1 Good 11.97 9 2.97 Great
R4 Test 4 J_286 0 96 97.02 1.02 1.1 Great 87 84.2 -2.8 3.2 Great 12.82 9 3.82 Great
R5 Test 4 J_231 0 90 90.91 0.91 1 Great 82 78.57 -3.43 4.2 Great 12.34 8 4.34 Great
R6 Test 4 J_559 0 93 91.57 -1.43 1.5 Great 92 90.1 -1.9 2.1 Great 1.47 1 0.47 Great

Q1 Test 5 N-29 980 0 38.42 38.42 34 35.26 1.26 3.7 3.16 -34
Q2 Test 5 N-30 0 0 56.19 56.19 74 53.12 -20.88 28.2 3.07 -74
R1 Test 5 N-18 0 80 74.82 -5.18 6.5 Good 70 74.28 4.28 6.1 Great 0.54 10 -9.46 Good
R2 Test 5 N-26 0 87 92.15 5.15 5.9 Good 88 91.28 3.28 3.7 Great 0.87 -1 1.87 Great
R3 Test 5 J30 0 69 68.76 -0.24 0.3 Great 68 67.07 -0.93 1.4 Great 1.69 1 0.69 Great
R4 Test 5 N-22 0 45 51.42 6.42 14.3 Good 45 50.05 5.05 11.2 Good 1.37 0 1.37 Great
R5 Test 5 J32 0 50 47.52 -2.48 5 Great 43 45.12 2.12 4.9 Great 2.4 7 -4.6 Great
R6 Test 5 J34 0 63 71.35 8.35 13.3 Good 60 68.66 8.66 14.4 Good 2.69 3 -0.31 Great

Q1 Test 6 N-37 1060 0 78.36 78.36 40 47.41 7.41 18.5 30.95 -40
Q2 Test 6 N-35 805 0 61.03 61.03 23 29.51 6.51 28.3 31.52 -23
R1 Test 6 J40 0 66 68.4 2.4 3.6 Great 39 39.78 0.78 2 Great 28.62 27 1.62 Great
R2 Test 6 J38 0 90 81.4 -8.6 9.6 Good 63 53.2 -9.8 15.6 Good 28.2 27 1.2 Great
R3 Test 6 J_504 0 78 77.07 -0.93 1.2 Great 50 51.13 1.13 2.3 Great 25.94 28 -2.06 Great
R4 Test 6 N-38 0 83 86.6 3.6 4.3 Great 54 55.65 1.65 3.1 Great 30.95 29 1.95 Great
R5 Test 6 J_482 0 86 90.06 4.06 4.7 Great 60 63.01 3.01 5 Great 27.05 26 1.05 Great
R6 Test 6 J_509 0 60 59.73 -0.27 0.5 Great 34 35.66 1.66 4.9 Great 24.07 26 -1.93 Great
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Appendix E 

Existing Fire Flow 
 Deficiencies 
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CIP Project 
Number MODEL ID LENGTH DIAMETER ROUGH

NESS ZONE LOCATION Improvement 
Type

Original 
Model ID

Deficient 
Hydrants

Reason for 
Deficiency

Existing 
Available FF 
(Assuming 

Velocity 
Constraint)    

gpm

Existing 
Available FF 
(NO Velocity 
Constraint)   

gpm

Improved FF 
(Assuming 

Velocity 
Constraint)   

gpm

Notes

43 MAIN_IMP_113 10.44 8 130 MAIN E. Big Bear Blvd. and Shore Dr. Replacement 735

MAIN_IMP_114 44.23 8 130 MAIN E. Big Bear Blvd. and Shore Dr. Replacement 452

LENGTH OF EX. VELOCITY IMPROVEMENTS (ft) 54.7
LENGTH OF EX. VELOCITY IMPROVEMENTS(miles) 0.01

CIP Project 
Number MODEL ID LENGTH DIAMETER ROUGH

NESS ZONE LOCATION Improvement 
Type

Original 
Model ID

Deficient 
Hydrants

Reason for 
Deficiency

Existing 
Available FF 
(Assuming 

Velocity 
Constraint)    

gpm

Existing 
Available FF 
(NO Velocity 
Constraint)   

gpm

Improved FF 
(Assuming 

Velocity 
Constraint)   

gpm

Notes

1 MAIN_IMP_01 1,405.59 12 130 MAIN State Ln. - b/t Lakewood Dr. and  Willow Replacement 1699 515 Pressure 1,391 1,391 2,110

MAIN_IMP_101 1,117.00 12 130 MAIN State Ln. - b/t Willow Ln. and Ash Ln. Parallel 1704/1701 516 Pressure 1,402 1,402 2,663

MAIN_IMP_102 1,405.59 12 130 MAIN State Ln. - b/t Ash Ln. and Cypress Ln. Parallel 1705 517 Pressure 1,427 1,427 2,943

519 Pressure 1,739 1,739 4,369

520 Pressure 1,399 1,399 1,567

522 Pressure 1,350 1,350 2,111

523 Pressure 1,394 1,394 4,224

524 Pressure 853 1,199 2,814

529 Pressure 659 1,286 3,363

535 Pressure 1,433 1,433 3,416

538 Pressure 1,447 1,447 3,304

539 Pressure 1,394 1,394 3,203

540 Pressure 1,423 1,423 3,257

541 Pressure 1,303 1,303 2,940

542 Pressure 1,294 1,294 2,963

544 Pressure 1,321 1,321 1,567

548 Pressure 327 327 648

2 Hicks Pump Improvement (see last section of CIP table for details)

3a Abbott Pump Improvement (see last section of CIP table for details)

3b ABB_IMP_01 1,087.86 8 130 ABBOTT Beaumont Lane - b/t Abbot PS and Shak Replacement 289 204 Pressure 881 1,787 1,567 Top Priority with replacement of pump for Abbot Improvements

ABB_IMP_02 168.73 8 130 ABBOTT Beaumont Lane - West of  Shakespeare Replacement 1296 257 Pressure 568 568 1,552

ABB_IMP_03 1,135.14 8 130 ABBOTT Beaumont Lane - b/t Shakespeare Lane a Replacement 1411 206 Pressure 881 1,787 1,567

ABB_IMP_04 73.85 8 130 ABBOTT Beaumont Lane and Kean Way Replacement 1413 310 Pressure 626 626 1,555

ABB_IMP_05 371.82 8 130 ABBOTT Kean Way - Southeast fo Beaumont Lane Replacement 1412 311 Pressure 580 580 1,556

4 GRE_IMP_01 581.95 8 130 GREENSPOT Cedar Ln. - b/t Hwy 38 and Hatchery Dr. Replacement 1634 484 Pressure 392 612 1,455

GRE_IMP_02 538.46 8 130 GREENSPOT Cedarpine Ln. - b/t Hwy 38 and Hatchery Replacement 637 489 Pressure 1,654 1,915 3,055

GRE_IMP_03 525.56 8 130 GREENSPOT Shady Ln. - b/t Hwy 38 and Hatchery Dr. Replacement 1638 494 Pressure 1,654 1,915 3,055

GRE_IMP_04 499.66 8 130 GREENSPOT Manzita Ln. - b/t Hwy 38 and Hatchery D Replacement 641 499 Pressure 1,654 1,915 3,055

GRE_IMP_05 467.38 8 130 GREENSPOT Fox Rd. - b/t Hwy 38 and Hatchery Dr. Replacement 642 506 Pressure 881 1,286 1,567

5 GRE_IMP_10 258.35 10 130 GREENSPOT Fern Ln. - West of Willow Ln. Replacement 682 531 Pressure 881 910 1,627 Appears to be very rural area

GRE_IMP_11 675.84 8 130 GREENSPOT Willow Ln. - b/t Fern Ln. and Fox Rd. Replacement 684 532 Pressure 985 985 1,657

GRE_IMP_12 58.58 8 130 GREENSPOT Willow Ln, at Fox Rd. Replacement P77 533 Pressure 986 986 1,649

GRE_IMP_13 344.89 8 130 GREENSPOT Fern Ln. - West of Willow Ln. Replacement 683 526 Pressure 1,001 1,001 1,684

527 Pressure 503 957 1,672

6 MAIN_IMP_99 1,572.34 8 130 MAIN Lakewood Dr. - b/t Jenson Dr. and Erwin New N/A 466 Pressure 1,259 1,259 1,692

MAIN_IMP_02 656.47 8 130 MAIN Lakewood Dr. - b/t Jenson Dr. and Erwin Replacement 621 467 Pressure 1,421 1,421 2,083

465 Pressure 881 1,155 2,347

470 Pressure 1,386 1,386 1,567

7 ABB_IMP_06 280.51 8 130 ABBOTT Bernhardt Lane - West of Wallace Ln. Replacement P-5 312 Pressure 561 561 1,866 2nd Priority  for Abbot Improvements

ABB_IMP_07 204.21 8 130 ABBOTT Bernhardt Lane - b/t Wallace Ln. Replacement P-5 313 Pressure 523 523 1,789

ABB_IMP_08 24.15 8 130 ABBOTT Bernhardt Lane -at Wallace Ln. New N/A 351 Pressure 518 518 1,560

APPENDIX G1:  BBCCSD Year 2008 Proposed CIP Improvements

(Year 2008) PIPELINE VELOCITY IMPROVEMENTS:  PROPOSED PIPES

(Year 2008) FIREFLOW IMPROVEMENTS FOR HYDRANTS WITH LOW PRESSURE AS THE DRIVER :  PROPOSED PIPELINES
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Notes
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8 ABB_IMP_09 86.46 8 130 ABBOTT Marlowe Dr. - West of Barrymore Road Replacement 1442 N-55 Pressure 477 558 1,619 3rd Priority  for Abbot Improvements

321 Pressure 581 581 1,561

9 ABB_IMP_10 339.75 8 130 ABBOTT Adams Dr. - Southeast of Barrymore Rd. Replacement 1140 323 Pressure 522 522 1,672 4th Priority  for Abbot Improvements

324 Pressure 570 570 1,717

349 Pressure 566 566 1,566

10 ABB_IMP_11 403.57 8 130 ABBOTT Adams Dr. - Northeast of Barrymore Rd. Replacement 434 325 Pressure 511 512 1,567 5th Priority for Abbot Improvements - Deadend

11 MAIN_IMP_027 184.47 8 130 MAIN Wesley Ct. - off of Hillen Dale Ln. Replacement 1315 144 Pressure 392 831 1,556 Deadend

12 MAIN_IMP_100 946.84 8 130 MAIN Monmouth Rd. - West of Ringwood Trail Replacement 1625 469 Pressure 660 660 954

13 GRE_IMP_14 222.51 10 130 GREENSPOT Shady Ln, Cul de Sac - West of Wilderne Replacement P-40 N-36 Pressure 1,416 1,416 1,461 Elevation makes it difficult to get above 1500 gpm.  May want to consider 8-in for water qual

14 GRE_IMP_09 486.48 8 130 GREENSPOT South of Hemlock Ln. Replacement 1727 553 Pressure 210 210 220 Appears to be very rural area

554 Pressure 283 283 402

15 MAIN_IMP_021 238.27 8 130 MAIN W. Division Dr. - b/t W. Big Bear Blvd. an Replacement 1336 122 Velocity 1,369 1,927 4,946

MAIN_IMP_020 260.28 8 130 MAIN W. Division Dr. - b/t Sherwood Blvd. amd Replacement 1329 128 Velocity 1,169 1,610 2,346

MAIN_IMP_022 228.02 8 130 MAIN W. Division Dr. - b/t Robinhood Blvd. and Replacement 1328 134 Velocity 1,172 2,941 1,939

MAIN_IMP_023 236.56 8 130 MAIN W. Division Dr. - b/t Rainbow Blvd. and S Replacement P-53 123 Velocity 779 1,553 2,718

MAIN_IMP_024 533.28 8 130 MAIN Sugarloaf Blvd. - b/t Division Dr. and Gild Replacement P19 127 Pressure 470 471 2,521

MAIN_IMP_025 633.47 8 130 MAIN Sugarloaf Blvd. - b/t Gildart Dr, and Hillen Replacement 1323 135 Velocity 1,217 2,420 2,265

MAIN_IMP_026 891.53 8 130 MAIN Sugarloaf Blvd. - b/t Hillen Dale Dr. and P Replacement 1324 124 Velocity 1,067 1,682 2,426

MAIN_IMP_037 1,088.56 8 130 MAIN Sherwood Blvd. - b/t Division Dr. and Hille Replacement 1335 136 Velocity 1,356 2,166 2,159

MAIN_IMP_120 593.79 8 130 MAIN Robinhood Blvd. - b/t Division Dr. and Gil Replacement 1330 N-2 Pressure 574 984 2,350

MAIN_IMP_16 1,467.15 8 130 MAIN Robinhood Blvd. - b/t Gildart Dr. and Pine Replacement 1331 J22 Pressure 7,153 7,003 6,836

J_146 Velocity 1,266 1,266 1,562

556 Pressure 1,293 1,293 2,085

152 Pressure 1,198 1,198 1,997

153 Pressure 1,201 1,202 1,567

154 Pressure 1,314 1,314 2,186

16 MAIN_IMP_74 189.92 8 130 MAIN Bernhardt Lane - b/t E. Big Bear Blvd. an Replacement 1403 299 Velocity 1,523 1,523 1,713

MAIN_IMP_75 222.45 8 130 MAIN Bernhardt Lane - b/t Irving Way and Barre Replacement 1423 300 Velocity 1,207 3,284 2,183

MAIN_IMP_76 222.45 8 130 MAIN Bernhardt Lane - b/t Barrett Way and Boo Replacement 1422 301 Velocity 1,255 2,952 2,837

MAIN_IMP_77 322.11 8 130 MAIN Booth Way - East of Bernhardt Lane Replacement 1421 303 Velocity 1,119 2,402 6,044

MAIN_IMP_78 173.13 8 130 MAIN Irving Way - East of Bernhardt Lane Replacement 1424 306 Velocity 1,046 2,768 2,718

MAIN_IMP_79 221.88 8 130 MAIN Bernhardt Lane - b/t Booth Way and Garr Replacement 1420 307 Pressure 1,445 2,768 2,718

MAIN_IMP_80 217.7 8 130 MAIN Garrick Way - b/t Bernhardt Lane and Be Replacement 1416
MAIN_IMP_89 179.23 8 130 MAIN Beaumont Lane - b/t Garrick Way and Ke Replacement 415

17 MAIN_IMP_84 463.45 8 130 MAIN Wendy Ave. - b/t Tiger Lily Dr. and Hale D Replacement 96 60 Velocity 1,312 2,144 2,001 NorthSouth Improvements are priority, additional east/west improvement create a loop which

MAIN_IMP_83 635.46 8 130 MAIN Wendy Ave. - north from Hale Dr. Replacement 97 59 Pressure 1,312 2,144 2,001

MAIN_IMP_82 36.83 8 130 MAIN North End of Wendy Ave. Replacement 1780 53 Pressure 1,312 2,144 2,001

MAIN_IMP_81 310.26 8 130 MAIN West of Pioneer Ln. - b/t Wendy Ave and Replacement 98 55 Pressure 1,312 2,144 2,001

MAIN_IMP_03 393.81 8 130 MAIN Michael Ave. - b/t North Shore Drive E. a Replacement 1110 246 Velocity 811 2,028 2,203

MAIN_IMP_029 238.6 8 130 MAIN Michael Ave. - b/t Cinderella Dr. and Curl Replacement 1109
MAIN_IMP_030 242.24 8 130 MAIN Michael Ave. - b/t Curly Dr. and Mullins D Replacement 1108
MAIN_IMP_04 212.5 8 130 MAIN Michael Ave. - b/t Mullins Dr. and Pionee Replacement 1107
MAIN_IMP_05 726.14 8 130 MAIN Pioneer Ln. - b/t Nana Ave. and Michael A Replacement 101
MAIN_IMP_40 248.69 8 130 MAIN Pioneer Ln. - b/t Michael Ave. and Anita A Replacement 111
MAIN_IMP_41 289.84 8 130 MAIN Pioneer Ln. - b/t Anita Ave. and Myrtle Av Replacement 112
MAIN_IMP_42 290.27 8 130 MAIN Pioneer Ln. - b/t Myrtle Ave. and Greenw Replacement 113
MAIN_IMP_43 291.73 8 130 MAIN Pioneer Ln. - b/t Greenway Dr. and Sierra Replacement 114
MAIN_IMP_44 236.16 8 130 MAIN Pioneer Ln. - b/t Sierra Ave. and Sequoia Replacement 115
MAIN_IMP_45 293.86 8 130 MAIN Sequoia Ave. - b/t Pioneer and North Sho Replacement 1147

18 MAIN_IMP_10 136.35 8 130 MAIN Paradise Way - b/t E. Big Bear Blvd. and Replacement 1190 235 Velocity 686 1,796 2,161

(Year 2008) FIREFLOW IMPROVEMENTS FOR HYDRANTS WITH HIGH VELOCITY AND/OR LOW PRESSURE AS THE DRIVER :  PROPOSED PIPELINES

Draft - Big Bear City Community Services District Technical Memo
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MAIN_IMP_11 121.21 8 130 MAIN Paradise Way - b/t Booth Way and Mojav Replacement 1191 236 Velocity 801 1,639 2,293

MAIN_IMP_12 117.64 8 130 MAIN Paradise Way - b/t Mojave Blvd. and Gar Replacement 1192 237 Pressure 833 1,455 4,540

MAIN_IMP_13 129.4 8 130 MAIN Paradise Way - b/t Garrick Way and She Replacement 1193 238 Pressure 1,164 1,347 3,755

MAIN_IMP_14 106.21 8 130 MAIN Paradise Way - b/t Sherwood Blvd. and K Replacement 1194

19 MAIN_IMP_122 662.5 8 130 MAIN Maltby Blvd. - b/t Pintail and Bluebill Dr. Replacement 1363 557 Pressure 734 634 1,884

MAIN_IMP_09 728.1 8 130 MAIN Maltby Blvd. - b/t Bluebill Dr. and Shore D Replacement 1850 264 Velocity 1,093 2,067 1,858

MAIN_IMP_105 40.29 8 130 MAIN Maltby Blvd. and Shore Drive Replacement 188 265 Velocity 2,881 4,062 2,651

MAIN_IMP_106 209.29 8 130 MAIN Shore Dr. - b/t Maltby Blvd. and Meadow Replacement 368 332 Velocity 1,391 3,362 2,791

MAIN_IMP_107 238.5 8 130 MAIN Shore Dr. - b/t Meadow Lane and Elysian Replacement 369
MAIN_IMP_108 237.4 8 130 MAIN Shore Dr. - b/t Elysian Blvd. and Mtn. Vie Replacement 446
MAIN_IMP_109 243.08 8 130 MAIN Shore Dr. - b/t Mtn. View Blvd. and Ange Replacement 447
MAIN_IMP_110 711 8 130 MAIN Shore Dr. - b/t Angeles Blvd. and Country Replacement 448

20 MAIN_IMP_60 520.42 8 130 MAIN San Anselmo Dr. - East of Paradise Way Replacement 1154 89 Pressure 1,312 2,144 2,001

MAIN_IMP_53 50 8 130 MAIN San Anselmo Dr. and Paradise Way New N/A 96 Velocity 1,312 2,144 2,001

MAIN_IMP_20 561.53 8 130 MAIN Mt. Doble Dr. - b/t Arbor Ln. and San Ans Replacement 1152 88 Pressure 1,312 2,144 2,001

MAIN_IMP_54 656.22 8 130 MAIN Arbor Ln. - East of Paradise Way Replacement 157 Needed to get flow to hydrant 88

MAIN_IMP_55 279.34 8 130 MAIN Arbor Ln. - b/t Mt. Doble Dr. and Sequoia Replacement 1151 86 Velocity 1,312 2,144 2,001

MAIN_IMP_56 265.86 8 130 MAIN Arbor Ln. - b/t Sequoia Ave. and Sierra A Replacement 1082 Only needed to create loop for better transmission.  

21 MAIN_IMP_08 599.21 8 130 MAIN Mnt. View Blvd. - b/t Paradise Way and G Replacement 1188 226 Pressure 735 1,323 2,529

MAIN_IMP_71 539.38 8 130 MAIN Mnt. View Blvd. - b/t Gold Mtn. and Mt. D Replacement 1175 216 Velocity 881 1,787 1,567

MAIN_IMP_72 242.21 8 130 MAIN Mt Doble Dr. - b/t Mnt. View Blvd. and An Replacement 1183 217 Velocity 881 1,787 1,567

MAIN_IMP_73 240.74 8 130 MAIN Mt Doble Dr. - b/t Angeles Blvd. and Bark Replacement 1185

22 MAIN_IMP_019 474.04 8 130 MAIN Sugarloaf Blvd. - b/t Pineview Dr. and Wi Replacement 1303 140 Pressure 652 1,240 2,534

MAIN_IMP_018 24.56 8 130 MAIN Sugarloaf Blvd. At Winding Lane Replacement 1302 163 Velocity 1,498 2,155 3,251

MAIN_IMP_15 267.73 8 130 MAIN Sugarloaf Blvd. - b/t Winding Lane and D Replacement 1628 162 Velocity 872 1,942 2,655

MAIN_IMP_017 241.53 8 130 MAIN Dawn Dr. - b/t Sugarloaf Blvd. and Rainb Replacement 1266
MAIN_IMP_016 370.42 8 130 MAIN Dawn Dr. - b/t Rainbow Blvd. and W. Big Replacement 1265

23 MAIN_IMP_033 971.56 8 130 MAIN Aeroplane Blvd. - b/t Gold Mtn. and Gree Replacement 1204 212 Pressure 881 1,787 1,567

MAIN_IMP_034 303.43 8 130 MAIN Greenway Dr. - b/t Aeroplane Blvd. and S Replacement 1213 211 Velocity 881 1,787 1,567

MAIN_IMP_035 253.52 8 130 MAIN Greenway Dr. - b/t Sherwood Blvd. and M Replacement 1211 210 Velocity 881 1,787 1,567

MAIN_IMP_036 244.89 8 130 MAIN Greenway Dr. - b/t Mojave Blvd. and Eas Replacement 1209

24 MAIN_IMP_94 250.02 8 130 MAIN Stanford. - b/t Whipple and Greenspot Rd Replacement 1522 388 Velocity 1,078 2,248 1,870

MAIN_IMP_97 327.76 8 130 MAIN Sites Way - b/t Montclair Dr. and Greensp Replacement 526 398 Pressure 1,500 1,500 1,976

MAIN_IMP_123 530.00 8 130 MAIN Greenspot Dr. north of Sites Way Replacement 1523 387 Velocity 38 77 1,566 Deadend

25 GRE_IMP_06 133.86 8 130 GREENSPOT Glencove Drive Replacement YY 551 Velocity 866 1,868 1,548 Appears to be very rural area

GRE_IMP_07 1,000.00 8 130 GREENSPOT Glencove Drive Replacement 728 534 Velocity 1,008 1,008 1,747

GRE_IMP_15 460.38 8 130 GREENSPOT Willow Ln. - b/t Glencove Dr. and Tuplin L Replacement 728

26 MAIN_IMP_17 150 8 130 MAIN Holden Ave at Hale Dr. New N/A 35 Pressure 1,312 2,144 2,001 Deadend (creating loop)

MAIN_IMP_115 150 8 130 MAIN Hale Dr. - b/t Van Dusen Canyon Dr. and New N/A 34 Velocity 1,312 2,144 2,001

MAIN_IMP_116 150 8 130 MAIN Hale Dr. - b/t Holden Ave. and Wendy Av New N/A

27 MAIN_IMP_46 76.97 8 130 MAIN Sequoia Ave. at North Shore Drive E. Replacement 1167 116 Velocity 543 2,636 2,095 All of these improvements are driven by high velocity during fire flow.  

MAIN_IMP_47 287.56 8 130 MAIN Sequoia Ave. - b/t North Shore Drive E. a Replacement 1080 99 Velocity 1,312 2,144 2,001

MAIN_IMP_48 287.56 8 130 MAIN Cinderella Dr. - b/t Sequoia and Mt. Doble Replacement 1128 100 Velocity 1,312 2,144 2,001

MAIN_IMP_49 236.28 8 130 MAIN Cinderella Dr. - b/t Mt. Doble and Gold M Replacement 1129 101 Velocity 1,312 2,144 2,001

MAIN_IMP_50 377.52 8 130 MAIN Cinderella Dr. - b/t Gold Mtn. and Hugo L Replacement 1130 98 Velocity 1,312 2,144 2,001

MAIN_IMP_85 120.15 8 130 MAIN Hugo Ln. - b/t Cinderella Dr. and Cindere Replacement 144 108 Velocity 1,312 2,144 2,001

MAIN_IMP_88 673.32 8 130 MAIN Hugo Ln. - b/t Cinderella Dr. and North S Replacement 135 109 Velocity 1,312 2,144 2,001

MAIN_IMP_111 105.91 8 130 MAIN North Shore Drive - b/t Hugo Ln. and Dum Replacement 134 110 Velocity 1,025 4,545 2,038

MAIN_IMP_87 208.8 8 130 MAIN North Shore Drive - b/t Dumas Ln. and Pa Replacement 132
MAIN_IMP_86 115.08 8 130 MAIN North Shore Drive - b/t Pan Springs Ln. a Replacement 133
MAIN_IMP_51 199.8 8 130 MAIN Hugo Ln. - b/t Tiger Lily Dr. and Grenfall Replacement 1145

(Year 2008) FIREFLOW IMPROVEMENTS FOR HYDRANTS WITH HIGH VELOCITY  AS THE DRIVER :  PROPOSED PIPELINES

Draft - Big Bear City Community Services District Technical Memo
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MAIN_IMP_52 824.91 8 130 MAIN Grenfall Ln - Cul de sac to  Paradise Way Replacement 1150

28 MAIN_IMP_57 217.51 8 130 MAIN West Meadow Ln. - b/t Sierra Ave. and G Replacement 1074 71 Velocity 1,312 2,144 2,001 All of these improvements are driven by high velocity during fire flow.  

MAIN_IMP_58 363.71 8 130 MAIN West Meadow Ln. - b/t Greenway Dr. and Replacement 1073 74 Velocity 1,312 2,144 2,001

MAIN_IMP_59 296.56 8 130 MAIN West Meadow Ln. - b/t Myrtle Ave. and A Replacement 1064 75 Velocity 1,312 2,144 2,001

MAIN_IMP_61 39.83 8 130 MAIN West Meadow Ln. at Anita Ave. Replacement P45 77 Velocity 1,312 2,144 2,001

MAIN_IMP_62 234.84 8 130 MAIN West Meadow Ln. - b/t Anita Ave. and Mi Replacement 57
MAIN_IMP_63 239.64 8 130 MAIN West Meadow Ln. - b/t Michael Ave. and Replacement 52
MAIN_IMP_64 455.25 8 130 MAIN West Meadow Ln. - b/t Peter Ave. and Ti Replacement 51
MAIN_IMP_65 241.44 8 130 MAIN West Meadow Ln. - b/t Tinkerbell Ave. an Replacement 46
MAIN_IMP_66 226.52 8 130 MAIN West Meadow Ln. - b/t Nana Ave. and W Replacement 45

29 MAIN_IMP_90 696 8 130 MAIN Greenspot Rd. - b/t Malabar Way and Sta Replacement 508 384 Velocity 1,342 3,478 3,614

MAIN_IMP_92 55.53 8 130 MAIN Greenspot Rd. and Mann Dr. Replacement 1511 385 Velocity 827 2,673 2,532

MAIN_IMP_93 74.46 8 130 MAIN Greenspot Rd. and Mann Dr. Replacement 1510 386 Velocity 1,269 3,145 5,052

30 MAIN_IMP_67 130.11 8 130 MAIN Sawmill Dr. - b/t Aeroplane Blvd. and Rai Replacement 222 193 Velocity 881 1,787 1,567

MAIN_IMP_68 116.54 8 130 MAIN Sawmill Dr. - at Rainbow Blvd. Replacement 223 194 Velocity 881 1,787 1,567

31 MAIN_IMP_118 232.43 8 130 MAIN East of Panamint Mtn. Dr. - b/t Whisperin Replacement 15 11 Velocity 1,312 2,144 2,001

MAIN_IMP_119 61.4 8 130 MAIN White Mtn. Road cul de sac Replacement 26 10 Velocity 881 1,894 1,567 Deadend

32 MAIN_IMP_95 818.18 8 130 MAIN Brewer Way - b/t Malabar Way and Gilroy Replacement 1552 397 Velocity 1,500 1,500 1,976

MAIN_IMP_96 501.78 8 130 MAIN Brewer Way - b/t Gilroy Dr. and Zaca Rd. Replacement 1554 411 Velocity 1,023 1,624 3,493

33 MAIN_IMP_117 123.8 8 130 MAIN Feather Mtn. Dr. - b/t Glen Mtn. Rd west Replacement 20 22 Velocity 1,312 2,144 2,001 Deadend

34 MAIN_IMP_70 249.98 8 130 MAIN Rosehill Dr. - b/t West Fair way and West Replacement 1215 254 Velocity 1,238 2,919 2,241

35 MAIN_IMP_028 25 8 130 MAIN Country Club Blvd. at Keiner New N/A 717 Velocity 881 1,698 1,968

36 MAIN_IMP_032 60.31 8 130 MAIN Big Tree Dr.- off of Sherwood Blvd. Replacement 1240 181 Velocity 392 1,825 1,567 Deadend

37 MAIN_IMP_031 149.25 8 130 MAIN Big Tree Dr.- b/t Aeroplane Blvd. and Rai Replacement 1245 179 Velocity 2,447 2,795 2,447

38 MAIN_IMP_69 38.39 8 130 MAIN Sherwood Blvd. And Sawmill Dr. Replacement P57 191 Velocity 881 1,787 1,567

39 MAIN_IMP_98 11.92 8 130 MAIN Monclair Dr. - North of Bodie Replacement 566 422 Velocity 881 1,521 1,567

40 HICK_IMP_1 479.48 8 130 HICKS Panamint Mtn. Dr. - b/t Lookout Mnt. Rd w Replacement 11 J_15 Velocity 881 1,292 1,567

41 MAIN_IMP_91 274.96 8 130 MAIN Walkway - b/t E. Big Bear Blvd. and Mala New N/A 381 Velocity 986 1,521 2,085

42 MAIN_IMP_121 88.43 8 130 MAIN North Shore Drive - East of Wendy Ave. Replacement 1058 705 Velocity 902 3,657 1,591

LENGTH OF EX. FF IMPROVEMENTS (ft) 52,822
LENGTH OF EX. FF IMPROVEMENTS(miles) 10.0

CIP Project 
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Notes

2 HIC_FP 1500 120 Hicks Mound St. Replacement HIC_FP J_7 Pressure 1,235 1,235 1,858
J_1 Pressure 908 908 1,570
J_2 Pressure 1,422 1,422 2,211
J_5 Pressure 1,454 1,454 2,307
8 Pressure 1,249 1,249 1,532
6 Pressure 1,255 1,255 1,994

J_23 Pressure 1,228 1,228 1,738

(Year 2008) PUMPING IMPROVEMENTS:  PROPOSED PUMPS
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239 Pressure 1,235 1,235 1,567
9 Pressure 1,417 1,417 1,659

J_13 Pressure 1,435 1,435 2,319
J_14 Pressure 1,480 1,480 1,529

3a ABB_BP3 1500 320 Abbot Starr Dr. and Bold Mountain Dr. Replacement ABB_BP3 201 Pressure 881 1,787 1,567
202 Pressure 881 1,787 1,567

TOTAL PUMP CAPACITY IMPROVEMENTS (gpm) 3,000.00
TOTAL PUMP HEAD IMPROVEMENTS (feet) 440.00

Draft - Big Bear City Community Services District Technical Memo
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Appendix H 

Fluoride Treatment Concept 
Design Report (SAE, 2006) 









































Appendix I 

Pipeline CIP Maps 























































Appendix J 

B.E.S.T. and 
Aclara Estimates 







Item
Number

Part
Number

Description Qty
Price
Each

1
Network Control Computer
and NCC Software

STAR Network Control Server supplied with 
all licenses and Aclara STAR Software

1 $20,500.00 $20,500.00

Software Maintenance Fee:
$2200 per Year

2 DCU - Aclara
Cell Control Unit (CCU) 
Base Unit, 120V (GSM/GPRS)

1 $5,000.00 $5,000.00

3 MTU Aclara Single-Port MTU Unit 7000 $118.00 $826,000.00

4 Severn Trent 20 gpm
Severn Trent solid state water meter with 
Encoded Register

7000 $112.00 $784,000.00

5 PSION Psion Programmer
Used to program MTU units

1 $2,233.00 $2,233.00

6 Implementation NCC Installation and Training 2 $2,800.00 $5,600.00

7 Implementation DCU Installation
Aclara Installation of DCU Units on Towers

2 $1,500.00 $3,000.00

8 Implementation STAR System Operaotrs MTU / DCU Training 1 $2,800.00 $2,800.00

9 FCC Application Fee 1 $300.00 $300.00

10 Labor 7000 $90.00 $630,000.00

Aclara MTU Interface Units

Severn Trent  Water Meters

Union Labor for Installation of Meter and AMR

MTU Programmer

Implementation

$2,279,433.00Total Cost….

FCC Licensing Fee

Mountain States Pipe and Supply
Casey Pike
Mountain States Pipe and Supply
8119 Indian Peaks Avenue
Frederick, Colorado 80516
(303) 678-1300

Note:  The DCU Unit is available as a self contained unit with Cell Phone connectivity or for this 
application, AC Power and Phone Line.  Phone line is only used in middle of night as a dial out 
connection.  Power, Phone and Phone Service to be supplied by utility

Civil Tech Estimate

BUDGET PRICINGAclara Pricing

Fixed Network Star Software

Data Collection and Installation Hardware and Software

Aclara Star Fixed Network



Appendix K 

BBCCSD Water Services 
Operating Budget 























Appendix L 

Water Rate Review 
(Bartle Wells, 1995) 























































Appendix M 

Drought Contingency Plan 
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Big Bear City Community Services District 

Drought Contingency Plan 

1. Declaration of Purpose and Principles 

 

The Big Bear City Community Services District (the "District") provides water service to persons within 

the District.   The District's potable water  resources are  limited and  should be preserved, especially 

during  times  of  declared  water  shortages,  and  therefore,  the  Board  has  determined  that  it  is 

necessary to adopt a water conservation program.   

The District  is authorized by Water Code Section 350 et seq. to declare a water shortage emergency 

and by Water Code Sections 375‐378 to adopt water conservation programs.  The District declared a 

water shortage within the District after a public hearing at a regular meeting of the District on April 

15, 2002 in Ordinance No. 205.  Under State law the District is authorized after declaration of a water 

shortage emergency to restrict the use of District water and to prohibit the waste or use of District 

water during such periods for any purpose other than domestic use, sanitation, fire protection or such 

other uses as may be determined by the District to be necessary.   

The District finds and determines that the adoption of water conservation rules and regulations are 

necessary to: 

1.   Protect the health, safety, and welfare of the inhabitants of the District, 

2.  Assure the maximum beneficial use of the water supplies of the District, and 

3.  Assure  that  there will  be  sufficient water  supplies  to meet  the  basic  needs  of  human 

consumption, sanitation, and fire protection.   

The District finds that the specific rules, regulations, and restrictions established herein are necessary 

in the event of a water supply shortage. 

2. Public Education 

The District will periodically provide the public with  information about the Plan,  including conditions 

under  which  stage  of  the  Plan  is  to  be  initiated  or  terminated  and  the  conservation  response 
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measures  to be  implemented  in each  stage.   This  information will be provided by means of public 

events, website, press releases, bill inserts, etc.   

3. Coordination with Regional Water Planning Groups  

In the event that a potential water shortage  is projected, the District will make efforts to reasonably 

communicate with  and,  as  appropriate,  collaborate with  local,  county,  regional,  state,  and  federal 

water planning groups and agencies. 

4. Shortage Declaration Process 

The following section discusses the District’s four water supply shortage stages and their declaration 

processes.   

The District shall monitor  the supply and demand  for water regularly during mandatory compliance 

water supply shortage stages to determine the level of conservation required by the implementation 

or  termination of each  stage.   Each declaration of  the Board  implementing or  terminating a water 

conservation stage shall be published at  least once  in a newspaper of general circulation, and shall 

remain in effect until the Board so otherwise declares. 

A.  Stage 1 ‐ Threatened Water Shortage 

The  Board  may,  following  a  noticed  public  hearing,  declare  a  Stage  1  Threatened Water 

Shortage based on an evaluation of conditions that have the potential to  impair the District's 

ability to meet the water demands of its customers such as depth to water in supply wells, the 

ability to blend or treat supply water to below the State Maximum Contaminant Level (MCL), 

duration  of  drought,  time  of  year,  and  the  potential  for  existing  recharge. Declaration  of  a 

Stage 1 Water Shortage Alert will be recited  in a motion, resolution or ordinance declaring a 

Threatened Water  Shortage.   No  public  hearing  shall  be  required  in  the  event  of  a Water 

Supply Shortage Emergency.  

B.  Stage 2 ‐ Water Shortage Alert 

The Board may,  following  a noticed public hearing, declare  a  Stage 2 Water  Shortage Alert 

based on based on an evaluation of conditions  that have the potential  to  further  impair  the 

District's ability to meet the water demands of its customers such as (as a minimum) depth to 

water  in supply wells, the ability to blend or treat supply water to below the State Maximum 

Contaminant  Level  (MCL),  duration  of  drought,  time  of  year,  and  the  potential  for  existing 

recharge  Declaration of a Stage 2 Water Shortage Alert will be recited in a motion, resolution 
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or  ordinance  declaring  a Water  Shortage Alert.   No  public  hearing  shall  be  required  in  the 

event of a Water Supply Shortage Emergency. 

  C.  Stage 3 ‐ Water Shortage Warning 

The Board may,  following  a noticed public hearing, declare  a  Stage 3 Water  Shortage Alert 

based on based on an evaluation of conditions  that have  the potential  to greatly  impair  the 

District's ability to meet the water demands of its customers such as (as a minimum) depth to 

water  in supply wells, the ability to blend or treat supply water to below the State Maximum 

Contaminant  Level  (MCL),  duration  of  drought,  time  of  year,  and  the  potential  for  existing 

recharge  Declaration of a Stage 3 Water Shortage Alert will be recited in a motion, resolution 

or ordinance declaring a Water Shortage Warning.  No public hearing shall be required in the 

event of a Water Supply Shortage Emergency.  

  D.  Stage 4 ‐ Water Supply Shortage Emergency 

The Board may,  following  a noticed public hearing, declare  a  Stage 4 Water  Shortage Alert 

based on based on an evaluation of conditions that have the potential to impair the District's 

ability  to meet  the water  demands  of  its  customers  such  that  a water  supply  shortage  is 

threatened.  Conditions that will be evaluated include (as a minimum) depth to water in supply 

wells,  the  ability  to blend or  treat  supply water  to below  the  State Maximum Contaminant 

Level  (MCL),  duration  of  drought,  time  of  year,  and  the  potential  for  existing  recharge.  

Declaration  of  a  Stage  4 Water  Shortage  Alert  will  be  recited  in  a motion,  resolution  or 

ordinance declaring a Threatened Water Supply Shortage Emergency.  No public hearing shall 

be required in the event of an Emergency Water Supply Shortage.  

5. Criteria for Terminating Water Shortage Contingency Stages 

The Board is authorized to terminate any of the water shortage contingency stages (Stages 1 through 

4) based upon an appropriate change in the conditions evaluated at the onset of the water shortage 

contingency  stages.    The order  to  terminate  any water  supply  shortage  stage  shall be published  a 

minimum of one time in a newspaper of general circulation in the District.   

6. Water Supply Shortage Stages Measures and Restrictions 

The  following  section discusses  the measures  and  restrictions  for  each of  the District’s  four water 

supply shortage stages.  
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A.  Stage  1  Restrictions.    The  following  restrictions  and  prohibitions  on water  use  shall  be 

imposed and complied with by the District Water Users during Stage 1.   During Stage 1, the District 

may  impose  any  or  all  of  the  following  restrictions  or  conditions  on  the  use  of  water,  as  the 

circumstances may require: 

1.  Landscape Irrigation. 

a.  Landscape watering with sprinklers between 9:00 a.m. and 6:00 p.m. is prohibited.  

This prohibition extends to all nurseries, golf courses, and public facilities. 

1.  Landscape  irrigation must be  limited  to what  is necessary and  shall not be 

excessive. 

2.  This prohibition shall not extend  to  those  facilities using subsurface or drip 

irrigation.   

3.  Water shall not run off into the streets or other impervious surfaces. 

b.  Turf irrigation is prohibited between November 1 and April 1 of each year.   

2.  Aesthetic uses.  

a.  Decorative ponds,  fountains and waterways having a capacity  in excess of  twenty 

(20) gallons shall not be filled with water from the District's water system.   

3.  Other outdoor uses. 

a.  Waste is prohibited. 

b.  Sidewalks, driveways, buildings, and windows shall not be washed off with 

hoses, except as  required  for  sanitary purposes.   Reduction of washing of 

other impervious surfaces is recommended.  

c.  Noncommercial  washing  of  automobiles,  trucks,  trailers,  boats,  airplanes 

and other mobile equipment shall be done with a handheld hose or bucket. 

Handheld hoses shall be equipped with an automatic shutoff nozzle. 

4.  Commercial and industrial uses. 

a.  Washing  of  automobiles,  trucks,  trailers,  boats,  airplanes  and  other 

mobile equipment is permitted.  

b.  Restaurants  shall  not  to  serve  water  to  customers  except  when 

specifically requested by the customer. 
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c.  Voluntary reduction of water use  in commercial and  industrial processes  is 

recommended. 

d.  All new commercial car, airplane, and boat washes shall be constructed with 

recycling water systems.   

5.  Domestic use.  

Voluntary  reduction  for  indoor  domestic  use  is  recommended  by  any means 

available.  

6.  Essential and utility uses. 

a.  Fire fighting. No restrictions. 

b.  Medical use by health care facilities. No restrictions. 

7.  No water  shall be used  for private  construction purposes,  including water 

used  for dust control or compaction.   Use of  reclaimed or  reused water  is 

exempt from this reduction measure.   

8.  All water leaks shall be repaired immediately. 

 

B.  Stage 2 Restrictions.   During Stage 2, the following restrictions and prohibitions on water 

uses shall be imposed on and complied with by all Water Users and are in addition to, and include, all 

water uses restricted or prohibited in Stage 1. 

1.  The District recommends that all existing customers with  landscaping presently  in 

place  reduce  their  turf area and/or  replace  it with  low water use plants and drip 

irrigation, or native plants that need little or no watering. 

2.  Any person installing new  landscaping shall not  install turf  in excess of twenty five 

(25) percent of  the  available  landscape  area  and  shall not  install more  than one 

thousand (1,000) square feet of turf and shall use low water plants.  Drip irrigation 

is highly recommended for use in new landscaping projects. 

3.  Persons may irrigate on Designated Days only. 

C.  Stage 3 Restrictions.  In addition to the mandatory requirements set forth in Stages 1 and 

2, the following restrictions shall be imposed on and complied with by all Water Users during Stage 3. 

1.  No  residences  shall  use  in  excess  of  one  hundred  (100)  gallons  per  day.    This 

amount may, upon petition to the District, be increased by fifty (50) gallons per day 
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per person for residences which the District determines based on the facts set forth 

in petition have more than two (2) persons living full time in a single residence. 

2.  Mandatory  water  rationing  levels  shall  be  determined  for  commercial 

establishments by the District's General Manager on a case‐by‐case basis and such 

determination.   Once  such  a  determination  is made,  commercial  establishments 

shall not exceed use limitations so established. 

3.  All  Water  Users  shall  reduce  turf  to  twenty‐five  (25)  percent  of  the  available 

landscape area which shall not exceed more than one thousand (1,000) square feet 

of turf on a parcel or lot. 

4.  No Water User shall install any new landscaping.   

5.  Any Water User who exceeds the one hundred (100) gallons per day per residence 

limitation, as adjusted for additional residence members, or the commercial water 

usage limitation as determined by the District, shall pay a water surcharge equal to 

twice the amount of the Water User's entire water bill at standard rates. 

D.  Stage 4 Restrictions.  When Stage 4 is declared, the following restrictions and prohibitions 

shall be  imposed and complied with.   Such restrictions are  in addition  to all restrictions  imposed  in 

Stages 1, 2, and 3. 

1.  No Water User may irrigate turf or landscape plants. 

2.  No Water  User may  irrigate  trees  and  shrubs  except  by  drip  irrigation  or  hand 

watering. 

3.  No new landscaping plants shall be installed, except such landscaping plants as are 

required for erosion control by the County Building and Safety Department. 

4.  In addition to the surcharge charged under Stage 3, the District also may  install a 

flow  restrictor on property where a Water User  is wasting water and/or  shut‐off 

water service for those water users who repeatedly exceed the District's mandatory 

water use limitation of 100 gallons per day per residence, as adjusted for additional 

residence members.   The provisions  for a shut‐off of water service are defined  in 

Ordinance No. 75, adopted by the Board of Directors on October 13, 1987. 
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5.  All washing of cars, airplanes, and boats or any other vehicles  is prohibited.   This 

prohibition  does  not  include  washing  by  a  commercial  establishment  that  uses 

solely reclaimed water to wash the vehicles. 

6  In  industrial, commercial and other uses, additional restrictions may be  imposed  if 

conditions warrant.   

7. Expected Water Savings due to Water Supply Shortage Stages 

The  following section discusses  the expected water savings due  to each of  the District’s  four water 

supply shortage stages.  

A.   The District expects to realize a goal of a  five  (5) to ten  (10) percent reduction  in overall 

water usage after a Stage 1 condition is declared by the Board. 

B.   The District expects  to  realize a goal of a  fifteen  (15) percent  reduction  in overall water 

usage after a Stage 2 condition is declared by the Board.   

C.  The District expects to realize a goal of a twenty‐five (25) percent reduction in overall water 

usage after a Stage 3 condition is declared by the Board.   

D.    The  District  shall  impose  water  conservation measures  that  will  result  in  a  forty  (40) 

percent reduction in overall water use after a Stage 4 condition is declared by the Board.     

8. Application 

The water  shortage  contingency measures  of  this  Plan  shall  apply  to  all  persons,  customers,  and 

properties utilizing potable water provided by  the District.   The  terms  “person” and  “customer” as 

used  in the Plan  include  individuals, corporations, partnerships, agencies, associations, and all other 

legal entities.   

9. Definitions 

For the purposes of this Plan, the following definitions shall apply: 

  A.  "Aesthetic  use" means  the  use  of water  for  fountains, waterfalls  and  landscape  lakes  and 

ponds where the use is entirely ornamental and serves no other functional purpose. 
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   B.  "Board" means the Board of Directors of the District. 

   C.  "Commercial and industrial uses" means the use of water integral to the production of primary 

goods and services provided by industrial or commercial facilities.  Industrial facilities include facilities 

that  perform  the  process‐specific  activities  including  cooling,  oiler  feed,  cleaning  and  washing, 

pollution control, extraction and separation of desirable material from products and waste materials 

and the incorporation of water into final products.  Commercial facilities include, but are not limited 

to, food service facilities, hotels, retail facilities and nursery operations.  

  D.  "Designated Days" means  a water use  restriction  limiting  the days on which water may be 

used for landscape irrigation. The following system applies to determine the day within each calendar 

week that the use is permitted:  

1.   Residences,  buildings  and  premises  with  even‐numbered  street  addresses may  use 

water as described in this Chapter on even numbered calendar days.   

2.   Residences,  buildings  and  premises  with  odd‐numbered  street  addresses: may  use 

water as described in this Chapter on odd numbered calendar days. 

  E.  "District" means the Big Bear City Community Services District. 

  F.  "Domestic use" means  the use of water, other  than outdoor uses,  for personal needs or  for 

household  purposes,  including  drinking,  bathing,  cooling,  heating,  cooking,  sanitation  or  cleaning, 

whether the use occurs in a residence or in a commercial or industrial facility.  

G.  "Drip Irrigation" means a method of irrigation whereby water is applied directly to the base or 

roots of the plant without the loss of water to surrounding dirt or vegetation. 

H.  "Existing facility" means a swimming pool, hot tub or any similar facility,  including residential 

and private  facilities,  installed during any period  for which a water conservation plan stage has not 

been declared or during a stage which, together with all preceding and succeeding stages, has been 

rescinded. This term does not include pools specifically maintained to provide habitat for aquatic life. 

I.  "Existing  landscaping plant" means a  landscaping plant planted during any period for which a 

water  conservation  plan  stage  has  not  been  declared  or  during  a  stage which,  together with  all 

preceding and succeeding stages, has been rescinded. 

J.  "Handheld hose" means a hose attended by one person,  fitted with a manual or automatic 

shutoff nozzle. 
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K.  "Health care facility" means any hospital, clinic, nursing home or other health care or medical 

research facility. 

L.  "Impervious  surface  area" means  any  structure  or  any  street,  driveway,  sidewalk,  patio  or 

other surface area covered with brick, paving, tile or other impervious material. 

M.  "Landscape irrigation" means the application of water to grow landscaping plants. 

N.  "Landscaping plant" means any plant,  including any tree, shrub, vine, herb, flower, succulent, 

ground cover or grass species, that  is used  for  landscaping purposes or  for the support of  intensive 

recreational areas including playgrounds and playing fields. 

O.  "New facility" means a swimming pool, hot tub or any similar facility, including residential and 

private facilities,  installed during any water conservation plan stage. When that stage, together with 

all other stages which precede or succeed  that stage  in a continuous  time period,  is  rescinded,  the 

new facility will be treated thereafter as an existing facility. This term does not include wading pools 

or pools specifically maintained to provide habitat for aquatic life. 

P.  "New  landscaping plant" means  a  landscaping plant planted during  any water  conservation 

plan stage. When that stage, together with all other stages which precede or succeed that stage in a 

continuous  time  period,  is  rescinded,  the  new  landscaping  plant will  be  treated  thereafter  as  an 

existing landscaping plant. 

Q.  "Other  outside  use" means  the  use  of water  outdoors  for  the maintenance,  cleaning  and 

washing of  structures and mobile equipment,  including automobiles and boats, and  the washing of 

streets, driveways, sidewalks, patios and other similar areas. 

R.  "Reclaimed Water" or "Reclaimed or Reused Water" means any water which, as a result of the 

treatment  of  domestic wastewater,  is  suitable  for  a  direct  beneficial  use  or  a  controlled  use  that 

would not otherwise occur. 

S.  "Turf" means any landscaped area that sustains primarily varieties of grasses. 

T.  "Water" means water supplied by the District. 

U.  "Waste" means any unreasonable or nonbeneficial use of water, or any unreasonable method 

or use of water, including, but not limited to, the specific uses prohibited and restricted by this Plan as 

hereinafter set forth.     Waste  includes, but  is not  limited to, allowing water to run off  into a gutter, 

ditch or drain or failing to repair a controllable leak. 
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V.  "Water  Supply  Shortage  Emergency"  means  any  Water  Supply  Shortage  caused  by  an 

earthquake,  loss  of  electrical  power,  pipeline  breakage, or  any  other  threatened  or  existing water 

shortage  caused by  a disaster or  facility  failure which  results  in  the District's  inability  to meet  the 

water demands of its customers. 

W.  "Water  Supply  Shortage"  means  a  water  shortage  such  that  the  ordinary  demands  and 

requirements of water customers cannot be satisfied without depleting the water supply to the extent 

that there would be insufficient water for human consumption, sanitation, and fire protection. 

X.  "Water User" means any person, firm, partnership, association, corporation or political entity 

using water obtained from the water system of the District. 

10. Public Notification Procedures 

When  the  District  determines  that  a  potable  water  shortage  condition  exists,  any  or  all  of  the 

following notification procedures may be implemented: 

A.  Notify the general public and influential local decision‐makers what the situation is, actions to 

be taken, what the customers are intended to achieve, and how these actions are to be implemented. 

B.   The public at  large will be  informed of the situation and what must be done.   Contact can be 

made  through  billing  inserts,  special mailings,  telephone  contact,  e‐mail,  roadway  signage, water 

conservation booths, speaker’s bureau, community association meetings, newsletters, and education 

programs, etc.  Literature should be provided on the potable water shortage condition, conservation 

methods, and water‐saving devices. 

C.   Use of media  in all  its available  forms will be employed as appropriate.   This would  include 

public  service  announcements  on  radio  and  cable  television  as  well  as  press  releases  in  local 

newspapers. 

D.  Posting of all pertinent information on the District’s web page.   

11. Enforcement  

Failure  to comply with  the provisions of  this Plan shall constitute a misdemeanor punishable under 

Water Code Section 377.   
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A  person  who  knowingly  or  intentionally  violates  or  causes  the  violation  of  any  restriction  or 

prohibition  on  the  use  of water  or  related  activities  contained  in  any  stage  of  this  Plan  shall  be 

deemed guilty of a misdemeanor and, upon conviction, shall be punished by a fine as follows: 

1.  First Offense:  Fifty dollars ($50.00) 

2.  Second Offense:  One hundred dollars ($100.00) 

3.  Third Offense:  Two hundred fifty dollars ($250.00) 

4.  Fourth Offense and  Subsequent Offenses:    Five hundred dollars  ($500.00) and/or by 

imprisonment in the county jail for not more than thirty (30) days. 

In  addition  to  the  provisions  of  this  Section,  the  District  reserves  the  right  to  take  such  civil 

enforcement action or other action as may be available or appropriate to compel compliance with the 

provisions of this Plan. 

12. Exceptions  

  A.  Application for Exception Permit.   The District may grant permits for uses of water otherwise 

prohibited  under  this  Plan  if  it  finds  and  determines  that  special  circumstances make  compliance 

impossible or that restrictions herein would either: 

1.  Cause an unnecessary and undue hardship to the Water User or the public; or 

2.  Cause an emergency condition affecting the health, sanitation, fire protection or safety 

of the Water User or the public. 

  B.  Such  exceptions may be  granted only upon  application  therefore.   Upon  granting  any  such 

exception permit, the District may impose any conditions it determines to be just and proper. 

  C.  The District may also grant a one‐time extension in the following circumstances: 

1.  Use of water to establish lawn or other vegetation requiring seed germination. 

2.  Use of water blasting as preparation for house painting. 

3.  Use of water to prepare for driveway sealing. 
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 13.

 The rights of the District hereunder shall be cumulative to any other right of the District to discontinue 

service.  All monies collected by the District pursuant to any of the penalty provisions of this Plan shall 

be  deposited  in  the  Operating  Fund  as  reimbursement  for  the  District's  costs  and  expenses  of 

administering and enforcing this Plan. 

 Reservations of Rights  

14. Water Connection Limitations  

A.   Stages  1  and  2.      Under Water  Supply  Shortage  Stages  1  and  2,  the  District  will  allow  a 

maximum  of  twenty‐four  (24)  connections  per  quarter  not  to  exceed  ninety‐six  (96)  new  water 

connections within each twelve (12) month period following the determinations that Stages 1 and 2 

water conditions exist.   Under Stages 1 and 2,  the District will allow each customer a maximum of 

three (3) new service connections per quarter.  

B.   Stage 3.  Under Water Supply Shortage Stage 3, the District will allow a maximum of no more 

than eighteen  (18) new water  connections per quarter, not  to exceed  seventy‐two  (72) new water 

connections within each  twelve  (12) month period  following  the determination  that  Stage 3 water 

conditions  exist. Under  Stage  3,  the District will  allow  each  customer  a maximum  of  two  (2)  new 

service connections per quarter.  In Stage 3, the Board may limit connections to less than seventy‐two 

(72)  if  it determines that conditions so warrant.  In Stage 3  the actual reduction  in new connections 

shall be determined by the Board at a noticed public hearing. 

C.   Stage 4.  Under Water Supply Shortage Stage 4, the District will reduce new water connections 

to a maximum of no more than  fifteen  (15) new water connections per quarter not to exceed sixty 

(60) new water connections within each twelve (12) month period following the determination that 

Stage 4 conditions exist,  if  it determines that conditions so warrant. Under Stage 4, the District will 

allow each customer a maximum of one (1) new service connection per quarter.  In Stage 4 the actual 

reduction in new connections shall be determined by the Board at a noticed public hearing.  

D.  For purposes of this Section, the term quarter means the three‐calendar‐month period ending 

on March 31, June 30, September 30, or December 31 of any year.   
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