WATER SUPPLY PLANNING STUDY

Prepared For
City of Willits

February 2006

Y @ 8§ T
& ASSOCIATES

Consulting Engineers

706-04-04-02



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ttt bbbt ES-1
1. INTRODUCTION.....ct ettt ettt sa e e et e bestesbesreenaesaenee e eaenrees 1-1
2. WATER DEMANDS ..ottt st b bbb 2-1
HISTORICAL WATER PRODUCTION ..ottt 2-1
CURRENT WATER DEMANDS ..ottt sttt 2-3
SIGNITICANT WALEE USEIS ....veeeveciie ettt et e e esraeteenaesnaesneeneenneas 2-4
CURRENT LAND USE ..ottt sttt ettt ana e na e e 2-7
POPULATION. ...ttt sttt ettt sbe s be e b e e be e b e e s e st et e s e sbesbesbesbeebeeneaneeeenes 2-8
UNIT WATER DEMANDS ..ottt bbb 2-10
Population Based Water DEMANG .........cooiiiiiiiiiiieiee et 2-13
Land Use Based Water DemaNd ...........coiueiiriiieiiieiineeieie et 2-13
PROJECTED WATER DEMAINDS ......oooiiiiiiitii sttt 2-13
Population Based Demand PrOJECLIONS ..........cuiirierierieiiiie st 2-13
Land Use Based Demand ProjeCtioNS.........cccecueiieieiieii e sie ettt 2-16
Comparison of Population and Land Use Based Demand Projections..........ccccoecevverivnnnnne 2-16
DEMAND MANAGEMENT MEASURES. ........ccocoiitiiieeiee e 2-19
SUMMARY AND RESULTS OF DEMAND MANAGEMENT .......ccccoviiiininieiene e 2-25
MONTHLY WATER SUPPLY REQUIREMENTS.......cociiiiiiiiinieeie s 2-25
3. EXISTING WATER SUPPLY CAPACITY oottt 3-1
WATER SUPPLY SIMULATIONS ..ottt ettt sttt anesneeneas 3-1
HYDROLOGY UPDATE.......o ittt sttt bbb ens 3-6
4. SUPPLEMENTAL SUPPLY REQUIREMENTS ..ottt 4-1
5. SUPPLEMENTAL SUPPLY ALTERNATIVES........ccooot ittt 5-1
ADDITIONAL SURFACE WATER SUPPLY ..ottt 5-1
Raising or Replacing MOITIS DAm ........cocioiiiiiiieicie e 5-1
Increasing Height of Morris Dam FIashboards............ccccoveiieiiiieiieic e 5-2
Dredging MOITIS RESEIVOIN .......ccuiiiiieeiieeie ettt b e sre et nnesneenne e 5-2
BUilding anOther Dam ...........ooviiiiieiic ettt e e ne e neeneeenens 5-3
GaiNiNg ACCESS T0 WENTE LAKE ......ccveeiiiiieitieieeie ettt 5-4
NEIGHBORING WATER SYSTEM INTERCONNECTION ....cccooiiiieniscsenceeeeeee e 5-6
RECYCLED WATER SUPPLY ..ottt sttt 5-6
GROUNDWATER SUPPLY ..ottt sttt bbb 5-7
Little Lake Valley Groundwater BaSIN ...........coceiieiiiieniieieiie et 5-7
PAFK WEIL.....ceeee ettt b e bbbttt e e et 5-8
Groundwater QUAITTY.........ooiiiie et 5-8
Proposed Groundwater SUPPIY ......cvoieeiiiie et 5-10
COMPARISON OF ALTERNATIVES .....ooi ittt 5-13
WY A—February 2006 i City of Willits

706\04-04-02 Water Supply Planning Study



6. CONCLUSIONS AND RECOMMENDATIONS ..o 6-1

APPENDIX A. Detailed Model Description
APPENDIX B. Development of Hydrology
APPENDIX C. Model Validation
APPENDIX D. Detailed Model Results
APPENDIX E. Cost Estimates

List of Tables
Table ES-1. Supplemental Water Supply REQUIFEMENTS ..........cooviiiiiiiiiierinieeee e ES-2
Table 2-1. Historical Peaking FaCtOrS........cccciiviiiiiiiieiieie et 2-3
Table 2-2. TOP WALET USEIS ......cuiiiiiiiiieiieieie ettt bbbt 2-7
Table 2-3. Top 10 Percent of Water CUSIOMETS.........c.civeieiieiieie e sieesre e 2-7
Table 2-4. Land USE SUMIMANY .......oiiiiiiiieieieste sttt bt ene e 2-8
Table 2-5. Historical and Projected POPUIALION ...........cccoeiveiiiicie e 2-10
Table 2-6. Projected Build-Out POPUIALION...........coiiiiiiiiieice e 2-11
Table 2-7. Historical Per Capita Unit Water Demands............c.ccccoveieiiieieeresie s 2-14
Table 2-8. Land Use Water Demand FaCtOrS. .......cccucvviieiinieiieneesie e sieesie e see e see e sseeneens 2-15
Table 2-9. Population Based Demand Projections............ccccvueiviieiieseeiic s 2-16
Table 2-10. Land Use Based Demand Projections...........ccocueeierereneneniseseeeee e 2-17
Table 2-11. Current and Projected Customer Water Demands............cccocveveeveeieeiesieesieeseenens 2-19
Table 2-12. Water Savings via Plumbing Retrofits ... 2-20
Table 2-13. Current Average Monthly Customer Water Demands ...........cccocevvvevvevieiieesnennens 2-26
Table 2-14. Current Water Supply REQUITEMENTS..........cccoiiiieieieec e 2-27
Table 2-15. Projected 2025 Water Supply ReqQUIFEMENtS...........ccceevvviiiieere e 2-27
Table 4-1. Comparison of Water Demands and EXisting SUPPIY .....ccovvriiiiininieieiecnccs 4-1
Table 4-2. Effects of Enforcing Ordinance 95-4..........cccvoi et 4-2
Table 4-3. Deficit Reductions by Enforcing Ordinance 95-4 ..........cccooeviiieiieniiie e 4-3
Table 4-4. Supplemental Source Capacity REQUITEMENTS.........ccccveiieeieereiiiesie e see e see e 4-4
Table 4-5. Supplemental Production Capacity REqQUIrEMENtS ..........cccevirrerrenieniere e 4-4
Table 4-6. Supplemental Source and Production Capacity Requirements .........ccccccevvevververnenne 4-5
Table 5-1. Park Well Water QUAIILY ..........ccoiiiiiiieiieiiee e e 5-9
Table 5-2. Comparison of Water Supply AIErNatives..........cccocvvieiveieiesiese e 5-14
WY A—February 2006 i City of Willits

706\04-04-02 Water Supply Planning Study



Table 6-1. Supplemental Water SUpply REQUIFEMENTS .........ccoiiiiiiiriieesie e 6-1

Table E-1. Estimated Cost of Expanding MOrriS RESEIVOIN ........c.cccevveieiieeiieennsieseese e E-1
Table E-2. Estimated Cost of Supplemental Surface Water SUPPIY .......ccooovrieiiiiiiiiice E-2
Table E-3. Estimated Cost of Groundwater Supply —Phase 1 ........cccccevviieiieie e E-3
Table E-4. Estimated Cost of Groundwater Supply —Phase 2 ... E-4
Table E-5. Estimated Cost of Groundwater Supply —Phase 3 ... E-4
List of Figures

Figure 2-1. Historical FIOW MeaSUIEMENTS............cccveiieiieiieiieeie sttt 2-2
Figure 2-2. Monthly Water DemandS ...........ccoeoueieririiiiisieieie e 2-5
Figure 2-3. Annual Water DemanGS ...........coiveieiieiiieieiie et 2-6
Figure 2-4. Land USE DIAGTAM .....cceiiiiiieieiie ittt sttt sttt 2-9
Figure 2-5. Historical and Projected POPUIALIONS ...........ccccviiiiiiiiicceese e 2-12
Figure 2-6. Land Use Based Water Demand ProjeCtions ..........cccccuervevererenieienenreeseneneeenes 2-18
Figure 3-1. Watershed and RESEIVOIIS........ccvcuiiieiiecieceesie et srn e 3-2
Figure 3-2. Annual Delivery and Deficit with Current Demands..............ccoovrvvviiienenencnenennn 3-3
Figure 3-3. Annual Delivery and Deficit with Projected 2025 Demands............ccccceevvevvervennnnnn. 3-4
Figure 3-4. Probability Of DEIIVEIY ........cccoviiiiiiee e 3-4
Figure 3-5. End-of-Month Storage and Deficit with Current Demands ............ccccceeeevveveeriesnnnnn 3-5
Figure 3-6. End-of-Month Storage and Deficit with Projected 2025 Demands ............c.cccccevenee. 3-5
Figure 3-7. Annual Delivery and Shortage with Projected 2025 Demands:

Regression With City MEASUIBIMENTS .........ciiiiiieierie e 3-7
Figure 3-8. End-of-Month Storage and Shortage with Projected 2025 Demands:

Regression With City MEASUIBIMENTS .........ciiiiiierieie e 3-7
Figure 3-9. Probability Of DelIVErY .........coviiiiicec e 3-8
Figure 5-1. Proposed Water Supply Contingency Plan ... 5-5
Figure 5-2. Groundwater Supply Project — Phase 1 Conceptual Vicinity Map.......c.ccccccevvrenee. 5-12
WYA—February 2006 i City of Willits

706\04-04-02 Water Supply Planning Study



EXECUTIVE SUMMARY

The City of Willits (City) owns and operates the public water system and supplies potable water
to residential, commercial, industrial and institutional customers within and outside the City
limits. While the current City population is just over 5,000, potable water is supplied by the City
to a total population of about 6,500. The existing water supply is surface water from the Davis
Creek watershed, impounded by the Centennial and Morris Dams, and treated in a filtration plant.

The City retained the engineering consultant team of West Yost & Associates and MBK
Engineers to analyze the City water demands and existing water supply capacity and to determine
any need for a supplemental water supply. The commissioned Water Supply Planning Study
included the following scope of study:

e Determination of current water demands

e Projection of future water demands

e Analysis of existing water supply capacity

e Determination of supplemental supply requirements

e Evaluation of supplemental supply alternatives

e Conclusions and recommendations

Population and land use methodologies were used to project the 2025 and build-out water
demands for the City. The land use methodology was considered more accurate, and the land use
based demand projections were used as a basis of planning for the remainder of the study.
Demand management measures were determined to have significant potential to reduce water
demands in the future, and estimates of demand reductions with implementation of these
measures were incorporated into the projected 2025 water supply requirements.

Hydrological analysis and modeling of the Morris/Centennial Reservoir system revealed a current
worst-case water supply deficit of 650 acre-feet per year (AF/year) and a projected
2025 worst-case deficit of 1,300 AF/year in critically dry years. Enforcement of Ordinance 95-4
during critically dry years would reduce but not eliminate the worst-case deficits. The
supplemental water supply requirements are summarized in Table ES-1 in terms of million
gallons per day (mgd).

The supplemental water supply alternatives for the City include:

e Additional surface water supply
e Neighboring water system interconnection
e Recycled water supply

e Groundwater supply

WY A—February 2006 ES-1 City of Willits
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Table ES-1. Supplemental Water Supply Requirements

With Enforcement of | With Enforcement of
Without Enforcement Ordinance 95-4 Ordinance 95-4
of Ordinance 95-4 Stage | Stage Il
Current Demands, mgd 0.9 0.8 0.6
Projected 2025 1.8 15 1.3
Demands, mgd

Several of the alternatives were deemed inadequate to satisfy the City’s need for a supplemental
water supply or were otherwise not feasible. The three feasible alternatives are: 1) expanding the
capacity of Morris Reservoir, 2) building another dam elsewhere in the Little Lake Valley to
expand the surface water supply, and 3) implementing a groundwater supply. The capital cost
estimate for a supplemental or expanded surface water supply is $18 to $20 million while the
capital cost estimate for a groundwater supply is $7.0 million. In addition to the cost and other
advantages of the groundwater supply alternative, it is feasible to implement the groundwater
supply in phases to minimize the initial effect on rates. The principal downside of the
groundwater supply alternative is that the long-term annual yield of the Little Lake Valley
groundwater basin may limit the groundwater supply potential to accommodate City water system
growth beyond 2025.

As a result of this Water Supply Planning Study, it is recommended that the City:

e Designate a Water Conservation Coordinator to develop, launch and manage a City
water conservation program and oversee the implementation of demand management
measures, as described in this report.

e Continue aggressively detecting and repairing leaks in the water distribution system
and maintaining or replacing meters to reduce the unaccounted for water demand to
12 percent of the customer water demand.

e Determine whether to develop enough supplemental water supply capacity to avoid
enforcement of Ordinance 95-4 in critically dry years.

e Continue to operate the lower outlet(s) of Morris Reservoir as necessary to scour the
immediate bottom area and minimize future sedimentation, and work with the County
to promote erosion control in the upper Davis Creek watershed.

e Pursue the use of Wente Lake as part of a water supply contingency plan, as described
in this report.

e Provide treated wastewater to local area farmers to offset the agricultural demand for
groundwater and increase the groundwater supply availability to the City.

e Incorporate the water supply needs of any future annexation into the capacity of a
supplemental water supply project(s).

e Continue discussions with Brooktrails to determine the feasibility and potential
advantages of participating in an expansion of the Brooktrails water supply capacity.
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Develop a groundwater supply as described in this report.

Plan to expand Morris Reservoir and the surface water treatment plant in the future if
annexations and growth projections require a greater water supply capacity than the
existing surface water supply and proposed groundwater supply can support.

Implementation of the first phase of the groundwater supply project, as described in this report
and depicted in Figure 5-2, will entail:

1.

Evaluating environmental impacts, preparing necessary environmental documentation,
and soliciting public comments for CEQA compliance.

Consulting with Department of Health Services (DHS), investigating potentially
contaminating activities that might affect water quality, and adjusting proposed well
locations and screening intervals as necessary.

Initiating detailed design of wells, pipelines and groundwater treatment plant, and
securing easements as necessary.

Drilling wells, conducting pumping tests, collecting water quality data, and
incorporating test results and water quality data into detailed design.

Finalizing design and amending domestic water supply permit from DHS.

Advertising project, evaluating and awarding construction contract, and administering
contract through completion.

Commissioning facilities and training operators as regards groundwater supply
operations and maintenance requirements.

The preliminary description of the groundwater supply project, found in this report, will serve as
a rational foundation to pursue CEQA compliance and proceed into design.
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1. INTRODUCTION

The City of Willits (City) is located in Mendocino County, about 140 miles north of
San Francisco along Highway 101. The City owns and operates the public water system and
supplies potable water to residential, commercial, industrial and institutional customers within
and outside the City limits. While the current City population is just over 5,000, potable water is
supplied by the City to a total population of about 6,500. Population growth is anticipated to
increase the demand for potable water.

The primary source of supply is surface water from the Davis Creek watershed, impounded by the
Centennial and Morris Dams and treated in a filtration plant that was built in the late 1980s. Raw
water from Morris Reservoir is pumped into the filtration plant, and filtered water is delivered by
gravity into a clearwell. Potable water from the clearwell is delivered by gravity through a
transmission main into the City water distribution system, which comprises eight pressure zones
at various elevations and includes four storage reservoirs.

The existing water supply and treatment system is not adequate to meet the City water system
demands under all demand and hydrologic conditions. The Centennial and Morris Reservoirs
periodically draw down to very low levels, and the distribution system storage capacity is
frequently drafted to meet maximum day demands. In contrast, an adequate and reliable water
supply system would have adequate capacity to meet average and maximum day demands under
all anticipated demand and hydrologic conditions.

The City retained the engineering consultant team of West Yost & Associates and MBK
Engineers to address the water supply needs. The commissioned Water Supply Planning Study
included the following scope of study:

e Determination of current water demands

e Projection of future water demands

e Analysis of existing water supply capacity

e Determination of supplemental water supply requirements
e Evaluation of supplemental water supply alternatives

e Conclusions and recommendations

The purpose of this report is to document the analysis, findings and recommendations of the
Water Supply Planning Study.

WY A—February 2006 1-1 City of Willits
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2. WATER DEMANDS

An analysis of the current water demands and a projection of the future water demands is a
necessary first step in determining the water supply requirements for the City. Therefore, a
metered water use and land use database was developed to characterize water uses inside and
outside the City limits. The resultant database was analyzed to develop unit water demands for
each customer classification and projections of future demands in 2025 and at build-out. The
build-out projection integrated the City’s updated General Plan for the remaining undeveloped areas.
The water demand analysis and findings are documented in this section.

The City provided the following data for the water demand analysis:

e Annual water production and maximum day demand for 1994-2002

e Monthly customer metering data for August 2002-July 2004

e Monthly data from the production, system and customer meters for 1983-2003
e City of Willits 2003-2008 Housing Element

e Willits General Plan, Vision 2020, Adopted August 12, 1992

e City of Willits Zoning Map adopted January 1988 and corresponding electronic file
dated September 4, 2003

e Aerial photograph of the City dated July 12, 1993

HISTORICAL WATER PRODUCTION

Annual metering data from the production (raw water), system (finished water), and customer
(total sales) meters are summarized in Figure 2-1. The production meter measures the flow of raw
water entering the water treatment plant from the pump station at Morris Dam. The finished water
meter measures the flow downstream of the finished water storage tank (i.e., clearwell) at the
plant. Total sales are determined by the customer meter readings taken at the service connections
within the water distribution system inside and outside the City limits.

The finished water production volume is normally less than the raw water volume because some
of the raw water is used to flush the clarifiers, and some of the finished water is used to backwash
the filters, operate the chemical systems, and supply potable water for housekeeping and sanitary
purposes within the plant. Total sales are typically lower than the finished water flow due to
distribution system leakage and other components of unaccounted for (UAF) water demand.
However, the recorded finished water flow was greater than the recorded raw water flow in three
of the fourteen years, as presented in Figure 2-1. Because more water cannot leave the water
treatment plant than enters the plant, these anomalies are likely due to metering errors. The City
recognized this issue and replaced the raw and finished water flow meters in 2004. Further
analysis of the UAF water demand is discussed later in this Section 2.

The total sales volume has increased by approximately 20 percent over the 15-year period from
1985 to 2000, averaging a 1.2 percent increase per year.
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Figure 2-1. City of Willits
Historical Flow Measurements
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The available finished water meter data were used to assess peaking factors, which are
summarized in Table 2-1. The highest maximum day demand occurred on July 19, 1998 resulting
in maximum month/average day and maximum day/average day peaking factors of 1.37 and 1.97,
respectively. Maximum day peaking factors increased until 1998, declined through 2001, and
then increased again in 2002.

Table 2-1. Historical Peaking Factors

Average Peaking Factors®

Day, | Maximum | Maximum | Maximum | mMaximum |Maximum
mgd | Month, mgd | Day, mgd | Day, date Month Day
1994 1.13 1.56 191 July 19 1.39 1.69
1995 1.04 1.41 1.76 August 16 1.36 1.69
1996 1.12 1.59 — — — —
1997 1.22 1.57 1.82 August 6 1.29 1.49
1998 1.46 1.99 2.87 July 19 1.37 1.97
1999 1.33 1.80 2.55 July 15 1.36 1.92
2000 1.29 1.87 2.24 June 16 1.45 1.74
2001 1.27 1.68 1.98 August 17 1.32 1.56
2002 1.18 1.74 2.19 July 30 1.47 1.85
Average | 1.22 1.69 2.16 — 1.38 1.74
Max 1.46 1.99 2.87 — 1.47 1.97
Min 1.04 141 1.76 — 1.29 1.49

@ As a function of average day demand

Rounding the maximum factors in Table 2-1, 1.5 is the recommended maximum month peaking
factor and 2.0 is the recommended maximum day peaking factor for the demand projections and
other planning purposes. While these peaking factors are similar to experiences elsewhere in
California, the City should reevaluate the peaking factors when more data are available from
the new finished water meter.

CURRENT WATER DEMANDS

Current water demands are based on monthly customer metering data provided by the City from
August 2002 through July 2004. The customer database includes meter readings inside and
outside the City limits divided into the following customer types:

e Administrative Offices

e Commercial
Community Commercial
Heavy Commercial

WY A—February 2006 2-3 City of Willits
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e Industrial
Industrial Park
Heavy Industrial
Limited Industrial

e Public Facility

e Residential
Single Family Residence
Residential Medium Density
Multiple Residence
Residential Estate

e Unclassified (mostly rural residential)

Current monthly water demands by customer type inside and outside the City limits are presented
graphically in Figure 2-2 and range from 46 to 113 acre-feet (AF) for the period of record.
Minimum water demands typically occur in January or February, and maximum water demands
typically occur in July and August, as is typical for municipal water systems.

Annual average water demand data are presented in Figure 2-3 by customer type inside and
outside the City limits. Approximately 689 acre-feet per year (AF/year) or 78 percent of the
current water demand occurs within the City limits. Over half of that is residential water use
(368 AF/year) followed by commercial use (211 AF/year). Outside the City limits, the
unclassified customers have the greatest water demand of approximately 162 AF/year, which is
82 percent of the total, followed by a residential water demand of 33 AF/year.

Significant Water Users

The total number of customer connections inside and outside the City limits is approximately
2,245, resulting in an annual average water demand of 886 AF/year. Data for the top 10 percent
(225) and the top 10 water users inside and outside the City limits are highlighted in Table 2-2.
The top 10 percent of water users inside and outside the City limits comprise approximately half
of the City’s metered demand. The top 10 connections (0.4 percent of total) comprise
approximately 13 percent of the total metered demand.

The top 10 percent of water users are characterized in Table 2-3 by customer type. Of the top
10 percent, the largest are commercial water users at approximately 32 percent of the total water
use. The next largest are residential water users at approximately 29 percent of the total water use.
The largest users outside of the City limits are unclassified. Comparing the percentage of
connections to the percentage of water use, a proportionate share of the water use by customer
type is apparent for the top 10 percent of users, comprising 50 percent of the metered demand.

The top 10 water users, including a mobile home park, a high school, and a heavy industrial
customer inside the City limits, comprised approximately 111 AF/year per year or 13 percent of
the total metered demand. Four of the top 10 users are unclassified and located outside the City
limits, and used approximately 41 AF/year or 37 percent of the top 10 user demand.
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Figure 2-2. City of Willits
Monthly Water Demands
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Figure 2-3. City of Willits
Annual Water Demands
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Table 2-2. Top Water Users

Top 10
All Percent of Top 10
Connections | Connections | Connections

Number of Connections 2,245 225 10
Percent of Total Connections 100 10 0.4
Annual Water Use, AF/year 886 440 111
Percent of Total Annual Water Use 100 50 13
Quantity Delivered Inside City Limits,

AF/year 689 354 70
Quantity Delivered Outside City Limits,

AF/year 197 86 41

Table 2-3. Top 10 Percent of Water Customers

Percentage of | Average
Number of Number of |Annual Water| Percentage of
Customer Type Connections | Connections® | Use, AF/year | Water Use®
Administrative Office 6 3 7 2
Commercial 75 33 142 32
Industrial 16 7 39 9
Public Facilities 15 7 39 9
Residential 71 32 128 29
Outside, unclassified 42 19 86 19
Total 225 100 440 100

@ Percentage of top 10 percent of customers

CURRENT LAND USE

Land use areas were calculated from the City zoning map that was adopted in January 1988, but
using an electronic (AutoCAD) version of the zoning map dated September 4, 2003. The land use
areas from the Vision 2020 Willits General Plan Revision and as calculated from the City zoning
map are summarized in Table 2-4.

Some land use area discrepancies are apparent in Table 2-4, potentially resulting from land use
adjustments by the City in preparing the General Plan and the zoning map at different times. The
difference in total land use area may pertain to City-owned land located outside of the City
zoning map such as the airport and water treatment plant. The land use areas in this report are
based on the zoning map.
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The approximate developed areas of administrative offices, commercial, industrial and public
facilities were estimated by overlaying the land use map and the aerial photograph as shown in
Figure 2-4. A significant amount of land is available for growth in all categories except
commercial, which is 85 percent built out as presented in Table 2-4.

Table 2-4. Land Use Summary

Estimated | Estimated
General Developed | Developed
Plan® | Zoning |Difference,| Area®, Area,
Description acres |Map®, acres|  acres acres percent®
Inside City Limits
Residential 650 688 38.4 323 47
Industrial 646 580 -66.4 172 30
Commercial 241 241 0.3 204 85
Public Facilities 174 150 -24.4 66 45
Open Space 35 33 -1.7 — —
Total 1,746 1,692 -53.8 — —

@ From Vision 2020 Willits General Plan Revision

®) As calculated using electronic version of City zoning map

© Estimated using overlay of land use map and aerial photograph
@ Estimated developed area divided by zoning map area

POPULATION

Historical and projected populations for the City were obtained from the 2003-2008 Housing
Element as summarized in Table 2-5. The Housing Element used census reports, the State
Department of Finance, Mendocino Council of Governments, and various City documents to
determine the historical population and to project the future population. From 1980 to 1990, the
City experienced an average annual growth rate of 2.5 percent. From 1990 to 2000 the City
experienced an average annual growth rate of 0.1 percent. The 2000 census reported a City
population of 5,073 people with an average of 2.56 persons per residence.

According to the Housing Element, the annual growth rate from 2000 to 2020 is projected to
range from 1.1 to 2.6 percent, with an average annual growth rate of 1.66 percent over the 20-year
period. Since the Housing Element stopped at 2020, the average annual growth rate of
1.66 percent was applied to estimate the 2025 and build-out populations of the City.
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Table 2-5. Historical and Projected Population

Annual
Percent | Percent
Year |Population® | Change | Change | Change®

1980 4,008 — — —
1990 5,027 1,019 25.4 2.5
2000 5,073 46 0.9 0.1
2005 5,732 659 13.0 2.6
2008 5,930 198 3.5 1.2
2010 6,062 132 2.2 1.1
2020 7,050 988 16.3 1.6

@ Population is projected after 2000
®) Based on Housing Element population projections, and
averaged in each 2 to 10-year increment

The build-out population was calculated using the residential areas in the zoning map, land use
densities from the Housing Element, and the average occupancy of 2.56 persons per residence.
The Housing Element reported both maximum allowable and typical land use densities. The
resulting population projections for single family, medium density, multiple family, and
residential estate residences are summarized in Table 2-6. The estimated total City population at
build-out ranges from 13,058 to 16,019 people. Depending on actual density, build-out is
estimated to occur between 2057 and 2070 as shown in Figure 2-5. The projected
2025 population is approximately 7,654 persons with an average annual growth rate of
1.66 percent.

UNIT WATER DEMANDS

Unit water demands were calculated as a function of population and land use. To calculate the
population based unit water demand, the total water demand was divided by the total population.
Population based unit water demands are typically expressed in gallons per capita (person) per
day (gpcd) or AF per person per year (AF/person/year). Projected water demands are calculated
by multiplying the projected population by the estimated unit water demand, which is assumed to
remain constant in the projection. Because development of the various land-use areas (residential
and non-residential) could proceed at different rates and thereby change the unit water demands,
projecting community water demands on a population basis carries an inherent risk of inaccuracy.
Nevertheless, population based water demand projections can provide a reasonable comparison to
land use based projections.
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Table 2-6. Projected Build-Out Population

Density, units per

Projected Number

Projected Population,

acre® of Units persons

Land Use Land Use Persons per

Code Description Typical® | Maximum |[Area®, acres| Typical | Maximum |Household®| Typical | Maximum
R1 Single Family Residence 7 7.26 365 2,555 2,650 2.56 6,541 6,784
R2 Residential Medium Density 14 14,52 70 986 1,022 2.56 2,523 2,617
R3 Multiple Residence 18 29.04 77 1,384 2,233 2.56 3,544 5,717
RE Residential Estate 1 2 176 176 352 2.56 451 902
Total _ _ 688 5101 | 6,257 _ 13,058 | 16,019
@ Based on General Plan
®) Based on historical densities
© Calculated/measured from land use map
@ Average from 2000 Census
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Historical and Projected Populations

Figure 2-5. City of Willits
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The land use methodology takes into account the potential for the various land use areas to
develop at different rates, and demands are calculated by dividing the current water demand by
the developed area for each land use type to obtain a unit water demand, typically expressed in
AF per year per acre (AF/year/acre), or AF per year per residential unit (AF/year/unit). Water
demands are then projected by multiplying the total build-out area for each land use type by the
estimated unit water demand in AF/year/acre or multiplying the number of residential units at
build-out by the estimated unit water demand in AF/year/unit.

Both population and land use based projections were developed in this study, and the results
were compared to formulate a water demand projection.

Population Based Water Demand

The population based water demands, as determined from total sales data and the reported
population of the City, are summarized in Table 2-7. The annual per capita water demand from
1985 to 2000 ranged from 146 to 168 gpcd and averaged 154 gpcd. The annual average per capita
water demand increased in 1999/2000 to approximately 168 gpcd or 0.19 AF/person/year using
the actual 2000 census population.

Because the maximum unit water demand of 0.19 AF/person/year occurred in 2000, which was a
census year, a unit demand of 0.19 AF/person/year or 170 gpcd was used to project future water
demands in this study.

Land Use Based Water Demand

Historical and estimated unit water demands for each land use type inside and outside the City
limits are presented in Table 2-8. Residential unit water demands are based on the annual
customer meter readings divided by the number of services or connections. Commercial,
industrial, and public facility unit water demands are based on the annual customer meter
readings divided by the respective estimated developed areas from Table 2-4.

The current unit water demands were rounded up and used as the estimated future unit water
demands as presented in Table 2-8.

PROJECTED WATER DEMANDS

Water demands were projected to 2025 and build-out using both the population and the land use
methodologies. The build-out projections are based on the zoning map and General Plan, and not
influenced by the water supply and other growth limitations.

Population Based Demand Projections

The population projections in 2025 and at build-out with typical and maximum residential land
use densities were multiplied by the unit water demand as summarized in Table 2-9. The
projected 2025 customer water demand of approximately 1,460 AF/year is 65 percent greater than
the current customer water demand.
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Table 2-7. Historical Per Capita Unit Water Demands

Unit Water Demand
Total Sales®, | AF/person/

Year Population® AF/year year gped
1980 4,008 — — —
1981 4,110 — — —
1982 4,212 — — —
1983 4,314 — — —
1984 4,416 — — —
1985 4,518 767 0.17 151
1986 4,619 774 0.17 150
1987 4,721 847 0.18 160
1988 4,823 788 0.16 146
1989 4,925 854 0.17 155
1990 5,027 894 0.18 159
1991 5,032 872 0.17 155
1992 5,036 829 0.16 147
1993 5,041 839 0.17 149
1994 5,045 824 0.16 146
1995 5,050 838 0.17 148
1996 5,055 909 0.18 160
1997 5,059 855 0.17 151
1998 5,064 860 0.17 151
1999 5,068 943 0.19 166
2000 5,073 954 0.19 168
Minimum 4,518 767 0.16 146
Maximum 5,073 954 0.19 168
Average 4,947 853 0.17 154

@ Interpolated population from Housing Element
®) From customer meter data

The projected customer water demand at build-out ranges from 2,490 to 3,050 AF/year depending
on the residential land use density, which may continue at its historical value or reach the
maximum allowable density. The build-out water demand is anticipated to occur between
2057 and 2070 and represents a significant increase from the City’s current customer water
demand of 886 AF/year. Such an increase in demand may appear unrealistic, but it is consistent
with the General Plan, the Housing Element and other available planning documents.
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Table 2-8. Land Use Water Demand Factors

Estimated Future
Current Unit Water Unit Water
Demands Demands®
Land Annual Approximate
Use Demand, | Number of | Developed | AF/year | AF/year | AF/year | AF/year
Code Description AF/year® | Services® | Area, acre®@ |  Junit Jacre funit | /acre
CQo Administrative Offices 13 29 5 — 2.5 — 2.5
C1 Communitv 134 345 115 — 1.2 — 1.5
Cc2 Heavv Commercial 77 74 84 — 0.9 — 1.0
2 |IP Industrial Park 3 9 — — — — 1.0
% MH Heavv Industrial 44 69 158 — 0.3 — 0.5
> ML Limited Industrial 9 29 14 — 0.7 — 1.0
'C:J) PE Public Facility 40 41 66 — 0.6 — 1.0
2 |R1 Sinale Familv 226 848 — 0.27 — 0.28 —
£ |R2 Residential Medium 35 63 — 0.55 — 0.56 —
R3 Multinle Residence 97 204 — 0.47 — 0.48 —
RE Residential Estate 10 33 — 0.32 — 0.34 —
| Inside City, unclassified 0 — — — — — —
Total Inside 689 1.744 — 0.40 — — —
CQo Administrative Offices 0.3 1 — 0.3 — 0.3 —
C1 Community 2 2 — 1.0 — 1.0 —
C2 Heavv Commercial — — — — — — —
2 [P Industrial Park — — — — — — —
% MH__ | Heavv Industrial 01 1 — 0.1 — 0.1 —
> ML Limited Industrial — — — — — — —
O |PE Public Facilitv 0.1 1 — 0.1 — 0.1 —
S [R1 Sinale Familv 31 136 — 0.2 — 0.2 —
£ |Rr2 Residential Medium — — — — — — —
© R3 Multiole Residence — — — — — — —
RE Residential Estate 2.3 5 — 0.5 — 0.5 —
o] Outside City, 162 355 — 0.5 — 0.5
unclassified
Total Quiside 197 501 — 0.39 — —
Total Inside and 886 2,245 — — — — —
Outside
@ Based on August 2003 — July 2004 customer meter readings
®) Estimated in City from aerial photo dated July 12, 1993 and zoning map dated January 1998
© Indeterminate outside City limits
@ Current values rounded upward for conservative projections
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Table 2-9. Population Based Demand Projections

Unit Water
Demand,
Population, AF/person Projected Water
people lyear Demand, AF/year

2025 7,654 0.19 1,458
Build-out, Typical

Density 13,058 0.19 2,488
Build-out, Maximum

Density 16,019 0.19 3,052

Land Use Based Demand Projections

Residential water demands inside the City limits at build-out were projected at the typical and
maximum allowable densities as defined in the Housing Element. The housing unit densities in
Table 2-6 were multiplied by the number of acres in each residential zone to determine the
maximum number of connections. As summarized in Table 2-10, the unit water demand was
multiplied by the number of connections to estimate the residential water demand in the City of
approximately 1,990 AF/year at typical density and 2,500 AF/year at maximum density.

Projected water demands for administrative offices, commercial, industrial, and public facilities
were calculated by multiplying the unit water demand by the zoning map area for each land use.
The total projected non-residential water demand is approximately 840 AF/year.

It was assumed that the City will continue to serve the current customers but will not add
customers outside the City limits without an annexation(s). Since annexations are not planned at
this time, the projected demand outside the City limits is the same as the current demand of
approximately 200 AF/year. In considering any future annexation(s), the City should consider the
additional water demand that will result from the annexation(s).

In round numbers, the build-out water demand ranges from 3,000 to 3,500 AF/year depending on
the actual residential land use densities. Demand curves spanning from 2000 to the projected
population build-out dates from Figure 2-5, assuming build-out for all land uses occur at the same
time as residential build-out, are presented in Figure 2-6. Customer water demands in 2025 were
interpolated from the curves and range from 1,525 to 1,580 AF/year for typical and maximum
land use densities, respectively.

Comparison of Population and Land Use Based Demand Projections

The projected 2025 water demand is approximately 1,458 AF/year (Table 2-9) using the
population method and between 1,525 and 1,580 AF/year using the land use method for typical
and maximum residential land use densities, respectively (Figure 2-6). While the population and
land use projections for 2025 are not very different, the land use projections are somewhat higher
and therefore, are used as the basis for the remainder of this study. The current demand and land
use based demand projections are summarized in Table 2-11.
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Table 2-10. Land Use Based Demand Projections

2003-2008 Housing

Estimated Future Unit

Water Demand at

Element Water Demands Build-Out
Typical |Maximum Based on | Based on
Land Density, | Density, | Zoning | Typical No. Typical | Maximum
Use units per | units per [Map Area, of Max. No. of | AF/year Density, Density,
Code Description acre acre acres | Connections|Connections| /unit AF/year/acre AFlyear | AFlyear
Co Administrative Offices — — 15 — — — 2.5 38 38
C1 Community Commercial — — 142 — — — 15 213 213
C2 Heavy Commercial — — 84 — — — 1.0 84 84
IP Industrial Park — — 99 — — — 1.0 99 99
MH Heavy Industrial — — 445 — — — 0.5 223 223
ML Limited Industrial — — 35 — — — 1.0 35 35
PF Public Facility — — 150 — — — 1.0 150 150
R1 Single Family Residence 7 7.26 365 2,555 2,650 0.28 — 716 743
R2 Residential Medium Densityy 14 14.52 70 986 1,022 0.56 — 552 573
R3 Multiple Residence 18 29.04 77 1,384 2,233 0.48 — 659 1,064
RE Residential Estate 1 2 176 176 352 0.34 — 59 118
0S Open Space — — 33 — — — — — —
@) Outside city limits — — — — — — — 197 197
Total — — 1,692 5,101 6,257 — — 3,026 3,537
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Land Use Based Water Demand Projections

Figure 2-6. City of Willits
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Table 2-11. Current and Projected Customer Water Demands(a)

Average | Maximum
Current Density | Density Density
Annual Annual
Annual Demand,| Demand, Demand,
Year AF/year AF/year AF/year
Current 886 — —
2025 — 1,525 1,580
2057 — 3,030 —
2070 — — 3,540

@ Does not include UAF water demand

DEMAND MANAGEMENT MEASURES

The City already practices some degree of demand management (i.e. water conservation).
Although the City is not a signatory to the California Urban Water Conservation Council
(CUWCC) Memorandum of Understanding, the City has implemented some of the CUWCC Best
Management Practices (BMPs), which are equivalent to the demand management measures
(DMMs) in California Water code section 10631 subdivision (f). The City may consider
implementing additional BMPs/DMMs, and the water supply savings potential of the additional
BMPs/DMMs is estimated as a function of the projected 2025 customer water demand.

DMM 1 - Water Survey Program for Single and Multiple Family Residential Customers
(CUWCC BMP 1)

A water survey program for single and multiple family residential customers would entail directly
contacting at least 20 percent of the City’s residential customers via letter or telephone in each
annual reporting period, arranging indoor and outdoor water use surveys, and identifying the
associated water savings potential. The indoor and outdoor water use surveys would include:

e Checking for leaks in plumbing fixtures, including toilets, faucets and meters

e Checking showerhead and faucet aerator flow rates, and offering to replace or
recommending replacement if flow rates are excessive

e Checking toilet flow rates, offering to install or recommending installation of
displacement device, replacing leaky flapper, and advising customer of any available
ultra-low flush toilet (ULFT) replacement program if flow rates are excessive

e Checking irrigation system controllers and making or recommending program
adjustments if irrigation rates are excessive

Potential water savings from DMM1 are discussed after the presentation of DMM 2.
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DMM 2 - Residential Plumbing Retrofit (CUWCC BMP 2)

The City already requires the installation of water conserving fixtures in remodeled or newly
constructed residential housing and applies credits to customer bills for customers who repair
their own plumbing in the case of leaks. The CUWCC assumes the water savings indicated in
Table 2-12 with implementation of residential plumbing retrofits.

The CUWCC also assumes that making or recommending adjustments to irrigation system
controllers will result in a residential outdoor water use reduction of 10 percent.

Table 2-12. Water Savings via Plumbing Retrofits

Pre-1980 Construction Post-1980 Construction
Low-flow showerhead retrofit 7.2 gpcd 2.9 gpcd
Toilet retrofit (5-year life) 1.3 gpcd 0.0 gpcd
Leak repair 0.5 gpcd 0.5 gpcd
Total 9.0 gpcd 3.4 gpcd

DDM 1 and DDM 2 Water Savings Estimate

The City population was 4,008 in 1980, according to the Census Bureau, and the projected
2025 population is 7,654. The population outside the City limits that is served by City water is
estimated as 1,270 based on the current 496 connections and an average of 2.56 people per
connection. Assuming that 20 percent of the residential customers already have completed
plumbing retrofits in the pre-1980 constructed houses and the resultant water savings were part of
the customer water demand projections in Table 2-11, the additional water savings potential is
approximately 53 AF/year in the remaining 80 percent of pre-1980 constructed houses. The
estimated population increase from 1980 to 2025 is 3,646. Assuming the additional population
currently lives or will live in post 1980 constructed houses with completed plumbing retrofits or
equivalent, the additional water savings potential is approximately 14 AF/year.

The projected 2025 residential water demand is approximately 930 AF/year. Therefore,
completing the outdoor water use surveys and making adjustments to irrigation system controllers
equates to a water savings potential of 93 AF/year.

The total additional indoor and outdoor water savings potential with 100 percent implementation
of DMMs 1 and 2, therefore, is approximately 160 AF/year. While 100 percent implementation is
the ultimate goal for the City, the timeframe for implementation will depend on available funding
and other factors. Therefore, the estimated additional water savings by 2025 are 48 AF/year
assuming 30 percent additional participation over the course of 20 years, which is similar to the
experience elsewhere in California.
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DMM 3 - System Water Audits, Leak Detection and Repair (CUWCC BMP 3)

The original water system was constructed in the 1920s. Since acquiring the water system in
1984, the City has implemented an active leak detection and pipeline repair program, investing
approximately $3.5 million in pipeline replacements. Through 2005, the City replaced about
26,400 feet of the approximately 170,000 feet of distribution system pipelines. Furthermore the
City replaced about 6,200 feet of the 17,500-foot of transmission main in 1997 and another
4,000 feet in 2004-2005. The replaced segments of the original transmission main consisted of
leak-prone riveted steel pipe.

Unaccounted for (UAF) water demand is the difference between the system meter data and the
customer meter data. Initial estimates of UAF water demand were based on the system meter that
was replaced in 2004 and suggested an UAF water demand of approximately 31 percent, meaning
the volume measured at the customer meters was 69 percent of the volume measured at the
system meter (i.e., exiting the clearwell). However, a reduced UAF water demand is evident since
replacement of the system meter and more of the transmission main although not enough data are
available at this time to conduct a statistical analysis. Consequently, an UAF water demand of
approximately 24 percent of the customer demand, typical for older water systems, was assumed
as the current condition.

A more accurate estimate of the UAF water demand is anticipated as more data are collected from
the new finished water flow meter in the future. Through the City’s leak detection, pipeline
replacement, and customer meter replacement programs, the UAF water demand is anticipated to
decline to 12 percent of the customer water demand by 2025. The volumetric reduction of UAF
water demand by 2025 is estimated after factoring in the water savings from implementation of
other DMMs.

DMM 4 - Metering with Commodity Rates for All New Connections and Retrofit of Existing
Connections (CUWCC BMP 4)

The CUWCC defines a commaodity rate structure as a billing system in which water customers are
charged by metered volume. The City already meters each customer account and applies
commodity rates. The City bills monthly based on customer meter size and consumption using
fixed and volumetric charges, respectively. For the volumetric charge, the City currently applies a
uniform rate of $2.30 per 100 cubic feet.

Although the CUWCC assumes a water demand reduction with implementation of commaodity
rates, additional demand reduction is not anticipated in the City because DMM 4 is already in
place and was factored into the demand projections.

DMM 5 - Large Landscape Conservation Programs (CUWCC BMP 5)

Typical large landscape conservation programs include installing separate irrigation meters,
performing water use surveys, notifying customers of the start and end of the irrigation season,
and promoting climate-appropriate landscapes. In some cases, financial incentives are offered to
improve irrigation system efficiency including loans, rebates and grants for the purchase and/or
installation of water efficient irrigation systems.
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The CUWCC estimates a water savings of 15 percent with a large landscape conservation and
incentive program for Commercial, Industrial and Institutional (CII) accounts. The CII accounts
within the City are projected to use approximately 420 AF/year in 2025. Applying 15 percent, the
water savings potential is approximately 63 AF/year. While 100 percent implementation is the
ultimate goal for the City, the timeframe for implementation will depend on available funding and
other factors. The estimated water savings by 2025 are 13 AF/year assuming 20 percent
participation over the course of 20 years and recognizing that most of the CIlI customers in the
City are industries without significant landscaping on their properties.

DMM 6 - High Efficiency Washing Machine Rebate Programs (CUWCC BMP 6)

The CUWCC estimates approximately 5,100 gallons per year of potential savings for each
household that replaces a low efficiency clothes washer with a high efficiency clothes washer. For
the projected 2025 population of 7,654 within the City and 1,270 outside the City limits and a
density of 2.56 persons per household, the 3,486 residential customers could save 47 AF/year
with 100 percent participation in DMM 6 assuming that all existing clothes washers are low
efficiency. While 100 percent implementation is the ultimate goal for the City, the timeframe for
implementation will depend on available funding and other factors. A water savings estimate of
5 AF/year is based on 10 percent participation by 2025 given the economic conditions in the City
and the possibility that some existing clothes washers already are high efficiency.

Implementation of a light-wash commercial and multi-family housing coin-operated washing
machine rebate program could provide additional savings potential, but insufficient data are
available to estimate the benefits.

DMM 7- Public Information Programs (CUWCC BMP 7)

The CUWCC does not provide any particular water savings assumption for a public information
program, but recommends implementation of such a program with the following elements:
e Promotion of water conservation and water conservation related benefits.

e Provision of a speaker(s) for employee and community groups and the media; paid and
public service advertising; bill inserts; billing information that includes billing period
usage compared to the previous year.

e Coordination with other government agencies, industry groups, public interest groups,
and the media.

DMM 8 - School Education Programs (CUWCC BMP 8)

The CUWCC does not provide any particular water savings assumption for a school education
programs, but recommends implementation of such a program with the following elements:

e Promotion of water conservation and water conservation related benefits.

e Coordination with the school district(s) and private schools in the water service area to
provide instructional assistance, educational materials, and classroom presentations
that identify urban, agricultural, and environmental issues and conditions in the local
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watershed; distributed materials should meet state education requirements with
grade-appropriate materials.

DMM 9 - Conservation Programs for Commercial, Industrial and Institutional Accounts
(CUWCC BMP 9)

The first step of DMM 9 is to identify and rank the following Commercial, Industrial and
Institutional (CII) accounts according to water use:

e Commercial Accounts: Any water user that provides or distributes a product or
service, such as hotels, restaurants, office buildings, commercial businesses or other
places of commerce. Does not include multiple family residences, agricultural users,
and customers that fall within the industrial or institutional classifications.

e Industrial Accounts: Any water user that primarily manufactures or processes
materials as defined by the Standard Industrial Classifications (SIC) Codes
2000 through 3999.

e Institutional Accounts: Any water using establishment dedicated to public service
including schools, courts, churches, hospitals, and government facilities. All facilities
serving these functions are considered institutions regardless of ownership.

The next steps of DMM 9 are to accelerate the replacement of existing toilets with ULFTs and
execute one of the following programs:

Cll Water Use Survey and Customer Incentives Program

e Implement a survey and incentives program similar to DMM 1 but tailored to ClI
water customers.

e Develop a customer targeting and marketing strategy to complete 10 percent of the CllI
water use surveys within 10 years of program commencement.

e Directly contact via letter, telephone or personal visit, and offer water use surveys and
customer incentives to at least 10 percent of each Cll account type on a recurring
basis. Follow-up each customer survey, within one year, to review water use
reductions and system improvements.

CIll Conservation Performance Targets

e Implement a program(s) equaling or exceeding the CII Conservation Performance
Target to achieve annual water use savings of 10 percent of the baseline use (1997 or
alternative year) by CII customers in the agency's service area over a 10-year period.

Water savings assumptions by the CUWCC are 12 percent and 15 percent for commercial and
industrial water users, respectively. The CUWCC has not made similar assumptions for
institutional accounts. The projected 2025 commercial and industrial water demands are
257 AF/year and 164 AF/year, respectively. Therefore, the potential savings are approximately
31 AF/year and 25 AF/year, respectively, with 100 percent participation in DMM 9. While
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100 percent implementation is the ultimate goal for the City, the timeframe for implementation
will depend on available funding and other factors. Therefore, the estimated water savings by
2025 are 16 AF/year for commercial users and 12 AF/year for industrial users assuming 50 percent
participation over the course of 20 years, similar to the experience elsewhere in California.

DMM 10 - Wholesale Agency Programs (CUWCC BMP 10)

The City is a water retailer rather than a wholesaler, and therefore, DMM 10 is not applicable to
the City water system.

DMM 11 - Conservation Pricing (CUWCC BMP 11)

Conservation pricing gives customers an incentive to reduce their average and/or peak water use.
The City already has implemented one type of conservation pricing as described under DMM 4.
The City recovers the cost of providing water service through its rates, and bills the water and
sewer customers partly based on the metered water use. Nevertheless, the City is planning to
conduct a rate study in the near future including the consideration of conservation pricing
alternatives, which may include:

e Tiered rates for increments of water use (i.e., increasing block rates).

e Seasonal rates or surcharges to reduce peak demands during summer months.

e Rates that are based on the long run marginal cost or the cost of adding the next
increment of capacity to the water system.

The effect of conservation pricing is indefinite because the CUWCC does not provide a water
savings assumption for implementation of DMM 11, and the resultant water savings are not
estimated in this study. Nevertheless, it is recognized that conservation pricing is consistent with
the overall objective of a water conservation program.

DMM 12 - Water Conservation Coordinator (CUWCC BMP 12)

The CUWCC recommends the following responsibilities for a water conservation coordinator
position:

e Coordination and oversight of City water conservation programs.
e Preparation and submission of DMM Implementation Report.

e Communication and promotion of water conservation issues to agency senior
management; coordination of agency conservation programs with operations and
planning staff; preparation of annual conservation budget; participation in the City
Council including regular attendance at City Council meetings; and preparation of the
conservation elements of the Urban Water Management Plan, if applicable.

Because the CUWCC does not provide any particular water savings assumption for the
implementation of DMM 12, the resultant water savings are not estimated in this study.
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DMM - 13 Water Waste Prohibition (CUWCC BMP 13)
Water waste prohibitions under DMM 13 include:

e Gultter flooding.
e Single pass cooling systems in new connections.
e Non-recycling in new conveyer car wash and commercial laundry facilities.

e Non-recycling decorative water fountains.

In addition, DMM 13 includes the inspection of water softeners as part of a water audit program
and the distribution of information about demand-initiated regenerating and exchange-type water
softeners to promote replacement of timer models.

Because the CUWCC does not provide any particular water savings assumption for the
implementation of DMM 13, the resultant water savings are not estimated in this study.

DMM - 14 Residential Ultra-Low Flush Toilet Replacement Programs (CUWCC BMP 14)

The CUWCC estimates that approximately 43 gallons per day of savings are possible if two
pre-1980 toilets are replaced with two ULFTs in a typical household with an average of
2.5 persons. While 100 percent implementation is the ultimate goal for the City, the timeframe for
implementation will depend on available funding and other factors. Therefore, the estimated
additional water savings by 2025 are 14 AF/year assuming 10 percent of the pre-1980 toilets in
City residences are replaced with ULFTs over the course of 20 years, which is similar to the
experience elsewhere in California.

SUMMARY AND RESULTS OF DEMAND MANAGEMENT

Implementing DMMs 1, 2, 5 through 9, and 11 through 14 as described herein would result in an
overall water savings of 108 AF/year by 2025. The City already has implemented DMMs 3 and 4,
and DMM 10 is not applicable to the City. Additional savings are achievable as the City
continues to pursue 100 percent participation in the DMMs in the future.

Subtracting the savings of 108 AF/year from the projected 2025 customer water demand of
1,580 AF/year results in a reduced demand of 1,472 AF/year. Then applying the UAF water
demand goal of 12 percent to 1,472 AF/year results in a 2025 UAF water demand of 177 AF/year.
Therefore, the continued implementation of DMM 3 will save an additional 177 AF/year
compared to the 2025 condition with an UAF water demand of 24 percent. In other words, the
UAF water demand will decline by 17 percent while the customer water demand increases by
78 percent from the current condition to 2025. The total water savings estimate of 285 AF/year by
2025, therefore, is almost 20 percent of the projected 2025 customer water demand.

MONTHLY WATER SUPPLY REQUIREMENTS

Current and projected monthly water demands are used in the existing water supply analysis. The
average monthly water demands for the period of August 2002 through July 2004 were calculated
as a percentage of the annual demand, as presented in Table 2-13. As is typical for most
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municipal water systems, the lowest customer water demand is experienced in February and the
greatest customer water demand is experienced in July.

Table 2-13. Current Average Monthly Customer Water Demands

Percentage Demand, | Percentage

Month  |Demand, AF| of Annual Month AF of Annual
January 50.6 5.7 July 112.4 12.7
February 48.6 55 August 104.5 11.8
March 54.3 6.1 September 89.7 10.1
April 58.4 6.6 October 78.4 8.8
May 72.0 8.1 November 54.1 6.1
June 101.3 114 December 62.1 7.0
Total 886.4 100.0

The monthly customer water demands are listed together with monthly estimates of UAF water
demand and the resulting net monthly water demands in Table 2-14.

The net monthly water demands in Tables 2-14 and 2-15 represent the demands on the
Morris/Centennial Reservoir system if the City does not develop a supplemental water supply. As
described in Section 3, the Morris/Centennial Reservoir system capacity is analyzed in the
absence of a supplemental water supply to determine the current and projected 2025 worst-case
water supply deficits. Supplemental water supply requirements and alternatives to eliminate the
deficits are evaluated in Sections 4 and 5, respectively.

The monthly percentages from Table 2-13 were applied to the projected annual customer water
demand for 2025 in Table 2-15 along with monthly estimates of demand reduction via DMMs and
monthly estimates of UAF water demand at an annual average of 12 percent.
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Table 2-14. Current Water Supply Requirements

Customer Demand Net Monthly
Water Reduction via | UAF Water Water
Demand, DMMs, Demand, Demand,
AF AF® AF® AF
January 50.6 — 16.0 66.6
February 48.6 — 16.7 65.3
March 54.3 — 17.4 71.6
April 58.4 — 18.1 76.5
May 72.0 — 18.8 90.8
June 101.3 — 19.5 120.8
July 112.4 — 19.5 131.9
August 104.5 — 18.8 123.3
September 89.7 — 18.1 107.8
October 78.4 — 17.4 95.8
November 54.1 — 16.7 70.8
December 62.1 — 16.0 78.0
Total 886.4 — 212.7 1099.1

@ With current savings via DMMs 3 and 4 not estimated but considered as baseline
®) With current annual average of 24 percent of customer water demand

Table 2-15. Projected 2025 Water Supply Requirements

Customer Demand Net Monthly
Water Reduction via | UAF Water Water
Demand, DMMs, Demand, Demand,
AF AF® AF® AF
January 90.2 6.8 13.2 96.7
February 86.6 6.8 13.8 93.7
March 96.7 7.7 14.4 103.5
April 104.1 8.6 15.0 110.6
May 128.4 9.5 15.6 134.6
June 180.6 10.4 16.2 186.4
July 200.4 11.3 16.2 205.3
August 186.3 11.3 15.6 190.7
September 159.9 10.4 15.0 164.6
October 139.8 9.5 14.4 144.8
November 96.4 8.6 13.8 101.7
December 110.6 7.7 13.2 116.2
Total 1580.0 108.0 176.6 1648.6

@ With current savings via DMMSs 3 and 4 not estimated but considered as baseline
®) With anticipated annual average of 12 percent of customer water demand
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3. EXISTING WATER SUPPLY CAPACITY

The existing City water supply is surface water from the Davis Creek watershed, impounded in
reservoirs by the Centennial and Morris Dams. Figure 3-1 is a graphical depiction of the
watershed together with photographs of the Centennial and Morris Reservoir system.

Centennial Reservoir captures runoff from the upper portion of the Davis Creek watershed to a
maximum storage capacity of 635 AF when the flashboards are installed along the spillway in the
spring and summer months. Since construction of the dam in 1989, Centennial Reservoir has
filled to capacity in all but two years. Water is released from Centennial Reservoir into Morris
Reservoir during the summer months and in the event that Centennial Reservoir overfills at other
times of the year.

Controlled releases from Centennial Reservoir are the only inflow to Morris Reservoir during the
summer months. Morris Reservoir has a maximum storage capacity of 726 AF when the
flashboards are installed along the spillway in the spring and summer months. Because the City
has captured and retained its water supply further upstream since the construction of Centennial
Reservoir, Morris Reservoir has filled to capacity in only eight of the past 15 years.

WATER SUPPLY SIMULATIONS

The current and projected 2025 net monthly water demands summarized in Tables 2-14 and 2-15,
respectively, and a water supply simulation model described in Appendices A, B and C were used
to analyze the delivery capacity of the Centennial and Morris Reservoir system. With current
water demands and reservoir operations, the modeling forecasts water supply deficits in 10 of the
34 simulated years (almost 30 percent of the years). Figure 3-2 depicts the simulated deliveries
and deficits graphically with each bar representing the current demand of 1,099 AF. The shaded
portion of each bar represents the volume of water delivered in the simulated year, and the empty
portion of some bars represents the anticipated water supply deficit. The average of the deficits
(excluding years without shortages) is 275 AF. Based on the hydrologic conditions of an
extremely dry year such as 1977, the maximum deficit is 650 AF with current demands.

Figure 3-3 presents the simulated deliveries and deficits with the projected 2025 demand of
1,649 AF. Deficits are anticipated in 29 of the 34 simulated years (85 percent of the years), with
an average deficit of 458 AF and maximum deficit of 1,300 AF. The empty portion of some bars
in Figure 3-3 represents the additional water supply capacity needed to avoid future deficits.

Figure 3-4 depicts the probability of meeting current and projected 2025 demands with the
Centennial and Morris Reservoir system. The blue line, representing simulated deliveries with the
current demand, is horizontal to a probability of 70 percent, meaning the demand will exceed the
supply in 30 percent of the years. Only 449 AF of supply is available at the right end of the blue
line, corresponding to the current maximum deficit of 650 AF.
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Figure 3-1. Watershed and Reservoirs
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The red line in Figure 3-4 represents simulated deliveries with the projected 2025 demand, and
reveals that 1,649 AF is available for 15 percent of the simulated years. Only 349 AF of supply
is available at the right end of the red line, corresponding to the projected 2025 maximum deficit
of 1,300 AF.

Reservoir storage volumes and deficits with current and future demands, respectively, are
presented in Figures 3-5 and 3-6. Deficits occur when reservoir storage falls to minimum
operating pool, and further diversions are not possible. Monthly deficits are denoted by the red
areas in Figures 3-5 and 3-6.

Figure 3-2. Annual Delivery and Deficit with Current Demands
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Figure 3-3. Annual Delivery and Deficit with Projected 2025 Demands
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Figure 3-5. End-of-Month Storage and Deficit with Current Demands
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Figure 3-6. End-of-Month Storage and Deficit with Projected 2025 Demands
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HYDROLOGY UPDATE

The initial hydrologic analyses and modeling were conducted using DWR stream flow
measurements from 1986 to 1988. While only 27 measurements were reported by DWR, the
resulting simulation compares well with the DWR data, and the simulated data correlate closely
to the Elder Creek gage. Details of the initial hydrologic analyses and reservoir simulations are
provided in Appendices A, B, C and D.

The City has collected Davis Creek stream flow data periodically since 1999 and recently
upgraded the water level gages to record the data automatically. In 2005, the water levels were
recorded every six hours and converted to stream flow data. These data were correlated to the
Elder Creek gage, and the hydrologic dataset was updated in additional simulations as presented
in Appendix D. The average annual inflow to Centennial Reservoir is approximately 400 AF
greater with the updated hydrology, and the simulated deliveries to the City water system are
60 AF/year greater with current demands and 100 AF/year greater with the projected
2025 demands as compared to the initial simulations.

Figure 3-7 depicts the projected 2025 annual deliveries with deficits anticipated in six of the
34 simulated years (17 percent of the years) based on the updated hydrology. Figure 3-8 depicts
the updated deficits and shortages, and Figure 3-9 reveals a reduced probability and severity of
deficits. The red curve in Figure 3-9 represents the probability of deliveries with the updated
hydrology while the blue curve represents the probability of deliveries with the original hydrology.

Hydrology modeling is influenced by climatic variations during data collection. The DWR
measurements were taken from late 1986 to 1988, a slightly drier than average period, while the
City measurements were taken in 2005 during a slightly wetter than average period. To provide a
greater margin of safety in planning for the City water supply, the reservoir simulations based on
DWR measurements are used in the analysis of supplemental supply requirements in Section 4
and the evaluation of supplemental supply alternatives in Section 5. Nevertheless, it is
recommended that the City continue to record water levels every six hours and periodically
update the reservoir simulations to refine the water supply planning criteria in the future.
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Figure 3-7. Annual Delivery and Shortage with Projected 2025 Demands: Regression with
City Measurements

1800
= M A A R - -
1600 {[] O |:| o o |:| |:| |:| |:|
= 1400 A
Q
(o
i
o
£ 1200
)
8
S 1000 -
=
2]
g
> 800 ||
5 L
2 = W
8 600 -
©
3 J
=4
=
< 400 1
200 + Net Delivery into Water Distribution System O Delivery Shortage
0 T T i
© O K~ NN 0 O QW O W © 0V D D D DD DD DD D 8
O O 0O 0O O O 0O O O O O O O O O 0O O O O QO O 0O O O 0O 0O O O O O
- - — - - — - — - - - - - - - - - - - - — - — — — N N
Rainfall Similar to Water Year

Figure 3-8. End-of-Month Storage and Shortage with Projected 2025 Demands: Regression
with City Measurements
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Figure 3-9. Probability of Delivery
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4. SUPPLEMENTAL SUPPLY REQUIREMENTS

The current and projected City water demands, the existing water supply, and the current and
projected 2025 worst-case water supply deficits are summarized in Table 4-1.

Table 4-1. Comparison of Water Demands and Existing Supply

Current Projected 2025
Water Demand, AF/year 1,099 1,649
Reservoir Supply in 449 349
Critically Dry Year,
AF/year @
Worst-Case Deficit, 650 1,300
AF/year

@ Reservoir supplies are projected to decline in future due to increased
demands and correspondingly reduced reserves leading into critically dry
years; actual 2025 reservoir supplies in critically dry years may approach
current conditions with implementation of supplemental supply

The City adopted Ordinance 95-4, defining emergency restrictions for water use, after
experiencing severe droughts in the 1980s and 1990s. The purpose of Ordinance 95-4 is to curtail
nonessential water use and preserve the City’s available water resources to maintain an adequate
supply for human consumption, sanitation, and fire protection during water supply emergencies.
While water supply forecasting is difficult and uncertain, the City could enforce Ordinance 95-4
during a critically dry year to reduce demand and correspondingly reduce the actual deficit.

Three stages of water emergency and related rationing measures are defined in Ordinance 95-4.
Water emergency Stage | is a voluntary stage with an overall demand reduction goal of
15 percent for all customers. Water emergency Stage Il is a mandatory stage that prohibits
nonessential water use including outdoor use such as landscape irrigation. The Department of
Water Resources estimates that 50 percent of all residential water use is outdoors. Therefore, it is
estimated that enforcing water emergency Stage Il would reduce residential water demands by
50 percent. For other customers, the assumed demand reductions are 15 percent. Water
emergency Stage Il is a mandatory stage that restricts single family residential customers to
50 gallons per capita per day (gpcd) and multiple family residential customers to 45 gpcd and
requires 50 percent demand reductions by other customers.

The calculated effects of enforcing each stage of Ordinance 95-4 in 2004 and 2025 are
summarized in Table 4-2.
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Table 4-2. Effects of Enforcing Ordinance 95-4

Water Type of Based on Current Customer Based on Projected 2025
Emergency Stage | Rationing Demands © Customer Demands ®

I Voluntary All customers = 15% All customers = 15%
reductions reductions
Estimated savings = 133 Estimated savings = 221
AF/year AF/year

] Mandatory | All residential customers = All residential customers =
50% reductions 50% reductions
Other customers = 15% Other customers = 15%
reductions reductions
Estimated savings = 331 Estimated savings = 528
AF/year AFl/year

I Mandatory | Single family residential Single family residential
customers = 50 gpcd limitation | customers = 50 gpcd limitation
Multiple family residential Multiple family residential
customers = 45 gpcd limitation | customers = 45 gpcd limitation
Other customers = 50% Other customers = 50%
reductions reductions
Estimated savings = 545 Estimated savings = 922
AF/year AF/year

@ Current customer demands = 886 AF/year; residential portion = 565 AF/year; other portion = 321
AF/year; single family residential demand = 468 AF/year at 154 gpcd; multiple family portion = 97
AF/year at 154 gpcd

®) Projected 2025 customer demands = 1,472 AF/year; residential portion = 878 AF/year; other portion =
594 AF/year; single family residential demand = 699 AF/year at 170 gpcd; multiple family portion =
179 AF/year at 170 gpcd

Most water emergency ordinances in California align the rationing and demand reduction goals
with defined water supply deficits. Normally, the first stage is voluntary with an overall demand
reduction goal of 15 percent, similar to Stage | of Ordinance 95-4. Subsequent stages are
mandatory but with three to four increments based on the potential water supply deficit and a
maximum overall demand reduction goal of 50 percent. Stage 11l of Ordinance 95-4 is even more
severe and potentially unrealistic because its enforcement would result in greater than 50 percent
reduction of the overall demand. Stage Il is realistic as its enforcement would result in about
30 percent reduction of the overall demand, and 30 percent is the maximum reasonable reduction
after implementation of the DMMs, as described in Section 2. Therefore, only Stages | and Il are
considered in estimating the water supply deficit reductions in Table 4-3.
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Table 4-3. Deficit Reductions by Enforcing Ordinance 95-4

Current Projected 2025
Water Demand, AF/year 1,099 1,649
Reservoir Supply in 449 349
Critically Dry Year,
AF/year
Worst-Case Deficit without 650 1,300
Enforcing Ordinance 95-4,
AF/year
Savings by Enforcing 133 221
Ordinance 95-4 Stage | for
12 months, AF/year
Reduced Deficit, AF/year 517 1,079
Savings by Enforcing 331 528
Ordinance 95-4 Stage I for
12 months, AF/year
Reduced Deficit, AF/year 319 772
Savings by Enforcing 89 147
Ordinance 95-4 Stage | for
8 months, AF/year ©
Reduced Deficit, AF/year 561 1,153
Savings by Enforcing 221 352
Ordinance 95-4 Stage 11 for
8 months, AF/year @
Reduced Deficit, AF/year 429 948

@ Considering potential for delayed enforcement in critically dry years

Table 4-3 demonstrates that enforcement of Ordinance 95-4 would reduce but not eliminate the
current and projected 2025 worst-case water supply deficits. Therefore, the City will need a
supplemental supply to eliminate the remaining deficits. Supplemental source capacity
requirements are expressed in terms of million gallons per day (mgd) in Table 4-4 based on
8-month enforcement of Ordinance 95-4 and 8-month operation of the supplemental source. The
8-month assumption is reasonable because critically dry years are difficult to forecast, and a

response during the early months of a critically dry year is unlikely.
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Table 4-4. Supplemental Source Capacity Requirements

Without Enforcement
of Ordinance 95-4

With Enforcement of
Ordinance 95-4 Stage |

With Enforcement of
Ordinance 95-4 Stage Il

Current Demands, mgd

0.87

0.75

0.58

Projected 2025
Demands, mgd

1.74

1.54

1.27

The evaluation of supplemental supply alternatives also must consider peaking capacity. The City
will need both the existing plant at Morris Reservoir and the supplemental supply to meet the
maximum day demands while equalization storage in the distribution system is used to
accommodate diurnal variations in demand. Reliable production capacity for water treatment
plants and other water supply facilities is typically defined as the potable water delivery capacity
with the single largest mechanical component out of service. With one of the two filters out of
service at the existing plant, the current reliable production capacity is approximately 1.15 mgd,
excluding the filtered water used in backwash and filter-to-waste operations.

The maximum to average day demand ratio for the City is 2.0, as described in Section 2.
Applying this ratio to the current and projected 2025 demands, and subtracting the 1.15 mgd
reliable production capacity of the existing plant, the supplemental supply production capacity
requirements are indicated in Table 4-5. For example, the projected 2025 reservoir demand of
1,649 AF/year is reduced by 352 AF/year through 8-month enforcement of Ordinance 95-4 Stage
Il (Table 4-3). The resulting 1,297 AF/year demand is converted to an annual average of
1.16 mgd, the corresponding maximum day demand is 1.16 x 2.0 = 2.32 mgd, and the required
supplemental production capacity is 2.32 — 1.15 = 1.17 mgd (Table 4-5).

Table 4-5. Supplemental Production Capacity Requirements

Without Enforcement
of Ordinance 95-4

With Enforcement of
Ordinance 95-4 Stage |

With Enforcement of
Ordinance 95-4 Stage Il

Current Demands, mgd

0.81

0.65

0.42

Projected 2025
Demands, mgd

1.79

1.53

1.17

The Table 4-5 values are reasonably close to the Table 4-4 values. For each condition, the higher
values from Table 4-4 and Table 4-5 are rounded and summarized in Table 4-6.
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Table 4-6. Supplemental Source and Production Capacity Requirements

Without Enforcement
of Ordinance 95-4

With Enforcement of
Ordinance 95-4 Stage |

With Enforcement of
Ordinance 95-4 Stage 1l

Current Demands, mgd

0.9

0.8

0.6

Projected 2025
Demands. mgd

1.8

1.5

1.3

The supplemental capacity requirements in Table 4-6 are used to evaluate supplemental supply

alternatives in Section 5.
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5. SUPPLEMENTAL SUPPLY ALTERNATIVES

The following supplemental supply alternatives were evaluated to determine the most feasible
means to satisfy the City’s requirements:

e Additional surface water supply

¢ Neighboring water system interconnection
e Recycled water supply

e Groundwater supply

The implementation of DMMs was addressed and incorporated into the water demand projections
in Section 2, and therefore, not considered as a supplemental supply alternative.

The evaluation addresses the feasibility and cost of the identified water supply alternatives.
Recommendations are made to ensure that the supplemental supply, in combination with the
existing surface water supply, is of sufficient capacity to satisfy the current and projected water
demands. The supplemental source and production capacity requirements in Table 4-6 are used to
determine the adequacy or capacity needs of each supplemental supply alternative.

ADDITIONAL SURFACE WATER SUPPLY

The development of additional surface water supply capacity is achievable by raising or replacing
Morris Dam, raising the Morris Dam flashboards, dredging Morris Reservoir and deepening the
raw water pump station, building another dam, or gaining access to Wente Lake. Raising
Centennial Dam is not feasible because an increase in Centennial Reservoir’s maximum water
surface elevation would cause flooding of Highway 101 and the Northwestern Pacific railroad
tracks to the west.

Raising or Replacing Morris Dam

The 1985 Water System Master Plan for the City indicated that raising Morris Dam by 50 feet
would provide 2,000 to 3,000 AF of additional storage capacity. However, the Master Plan
recommended against raising Morris Dam because at the time, Morris Reservoir was the sole
source of water supply for the City, and raising the dam would have required taking Morris
Reservoir out of service for an extended period of time.

Since the City constructed Centennial Dam, it is now possible to provide a temporary connection
from Centennial Reservoir to the water treatment plant, drain Morris Reservoir, and raise Morris
Dam while maintaining the production and delivery of potable water to the City. Extrapolation of
the Morris Reservoir elevation-capacity curve confirms that a 50-foot height increase would
provide 2,000 to 3,000 AF of additional storage capacity. Increasing the Morris Dam crest height
and maximum water surface elevation would require thickening or otherwise increasing the
structural capacity of the existing dam to support the additional hydrostatic pressure. The taller
Morris Dam would have a crest length of about 500 feet. However, raising Morris Dam is
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complicated by the presence of Centennial Dam upstream, which may limit the Morris Reservoir
water surface to prevent saturation of the outside toe of Centennial Dam.

Expanding Morris Reservoir would increase the surface water supply capacity. However,
determining the source capacity would require surveying the watershed to a higher elevation,
additional modeling of the reservoir system, and consulting with the State Water Resources
Control Board and the DWR Division of Safety of Dams. The environmental review and
permitting process would add to the cost and schedule of the project, considering the federal Clean
Water and Endangered Species Acts, the California Environmental Quality Act (CEQA) and the
other permitting requirements.

The construction phase would require dewatering Morris Reservoir and keeping it out of service
for at least eight months during the dry season. Using the entire volume of Centennial Reservoir
for eight months would provide approximately 1.0 mgd, which is less than the average water
demand during the dry season. Furthermore, because Centennial Reservoir would empty toward
the end of the dry season, the risk of not finishing the work in time to refill Morris Reservoir
during the following wet season is significant.

Alternatively, the City could construct a taller dam just downstream of the existing Morris Dam
and then remove or submerge the existing dam in an expanded Morris Reservoir. Although the
1985 Water System Master Plan indicated that Davis Creek downstream of Morris Dam is
geologically unstable, additional research may reveal that constructing a dam just downstream
from the Morris Dam is costly yet feasible. It would entail similar environmental permitting
requirements as raising Morris Dam but would allow Morris Reservoir to remain in service during
construction of the downstream dam.

Increasing the height of Morris Dam or building a taller dam just downstream would expand the
surface water supply capacity only. To increase the potable water production capacity, the City
would also need to replace the raw water pump station and expand the water treatment plant,
adding significant cost to this alternative. A very preliminary estimate of the capital cost of raising
Morris Dam or building a taller dam just downstream and expanding the water treatment plant is
$20 million, as itemized in Appendix E.

Increasing Height of Morris Dam Flashboards

The 1985 Water System Master Plan indicated that increasing the Morris Dam flashboard height
to 3.7 feet would provide 60 AF of additional storage capacity, and extrapolation of the Morris
Reservoir elevation-capacity curve confirms that estimate. While increasing the flashboard height
is not as costly as raising Morris Dam, it would encompass many of the same environmental
permitting and logistical hurdles, including the potential need to strengthen the existing dam to
support the additional hydrostatic pressure. The 60 AF increase in the reservoir storage capacity is
small compared to the water supply needs of the City. Consequently, increasing the Morris Dam
flashboard height is not considered a feasible alternative to satisfy the City’s need for a
supplemental water supply.

Dredging Morris Reservoir

Previous estimates of sedimentation in Morris Reservoir have ranged from 50 to 100 AF. The
1987 Limnological Investigation of Morris Reservoir by DWR determined a sedimentation
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volume of 99 AF. While the current sediment volume in Morris Reservoir is unknown, the City
water system operators have reported noticeable increases in vegetative growth over the past
several years. A bathymetric survey is required to determine the current elevation-capacity curve
for Morris Reservoir. However, even a bathymetric survey would not quantify the volume of
sediment because the soundings would indicate the water depth to sediment, not the water depth to
the original bottom of the reservoir.

Dredging to remove 100 AF of sediment would cost approximately $3.2 million at a unit cost of
$20 per cubic yard for dredging and disposal. Furthermore, the City would need to deepen the
lowest outlet and suction well of the raw water pump station to reduce the minimum pool and
conduct maintenance dredging routinely to maintain the reduced minimum pool.

The environmental review and permitting process for such a project would add to the cost and
schedule, considering the federal Clean Water and Endangered Species Acts, CEQA and other
permitting requirements. The reservoir storage capacity increase by dredging and deepening is
relatively small, the benefit-to-cost ratio is very low, and the environmental review and permitting
requirements are significant. Consequently, dredging of Morris Reservoir is not considered a
feasible alternative to satisfy the City’s need for a supplemental water supply.

Nevertheless, it is recommended that the City continue to operate the existing lower outlet(s) of
Morris Reservoir as necessary to scour the immediate bottom area and minimize future
sedimentation within Morris Reservoir, and work with the County to promote erosion control in
the upper Davis Creek watershed.

Building another Dam

The City could augment its surface water supply by constructing another dam in the Davis Creek
watershed or in a separate watershed of the Little Lake Valley.

Preliminary analysis indicates that constructing another dam upstream of Morris Reservoir, on a
tributary to Davis Creek but separate from Centennial Reservoir, would provide limited storage
capacity due to the relatively steep terrain and narrow gullies. Constructing another dam on Davis
Creek but far enough downstream of Morris Dam to create a separate reservoir would provide
limited storage capacity due to the steep terrain and narrow gullies leading to the Little Lake
Valley floor.

Constructing another dam in a separate watershed of the Little Lake Valley is feasible but costly.
A very preliminary estimate of the capital cost for a fixed dam to create a 600 to 800 AF storage
reservoir, a water treatment plant with a capacity of 1.8 mgd, and a pipeline connecting to the
existing transmission main or distribution system is $18 million, as itemized in Appendix E.
Such a project would involve significant environmental permitting requirements, potentially
reducing its feasibility.

If construction of a concrete dam is not permitted due to environmental constraints, an alternative
is to use an inflatable dam to retain stream flow during the dry seasons, and deflate the dam to
accommodate fish passage during the migration seasons. However, this alternative would not
provide as much storage capacity as a fixed dam due to the height limitations of an inflatable dam
compared to the generally steep terrain surrounding the Little Lake Valley. The significant cost of
a water treatment plant and pipeline connecting to the City water distribution system would
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remain the same whether a fixed or inflatable dam is used to impound the supplemental surface
water supply.

Gaining Access to Wente Lake

Wente Lake is an 800 AF reservoir located four miles east of the City in the Finney Valley as
depicted in Figure 5-1. It was constructed by the San Francisco Bay Area Council of the Boy Scouts
of America (Boy Scouts), and is used by the Boy Scouts for recreational activities. The Boy Scouts
also used the reservoir as a potable water supply until they converted to groundwater in the late
1990s. The City gained emergency access to Wente Lake from November 1987 through May 1988
during a severe drought. Approximately 75 AF was diverted from Wente Lake via creek channels
and a temporary overland pipeline to the original water treatment plant, which was located
downstream from Morris Dam. (The existing plant is located uphill and adjacent to Morris Dam.)

Recent discussions with the Boy Scouts revealed a willingness to explore the possibility of using
Wente Lake as an emergency or permanent water supply component for the City. The Boy Scouts
hold water rights License 8042 (Application 19415) and License 8043 (Application 19755) for a
combined 800 AF/year from a Berry Creek tributary to replace water lost from Wente Lake
through evaporation and seepage. City use of Wente Lake as a water supply would require a
reservoir capacity analysis, further discussions with the Boy Scouts, and resolution of water right
issues. However, the projected 2025 worst-case water supply deficit for the City is potentially
greater than the Boy Scouts’ entire licensed diversion to Wente Lake even with enforcement of
Ordinance 95-4 Stage Il (Table 4-3). Because such a diversion would impede the Boy Scouts’ use
of Wente Lake, accessing Wente Lake is not considered a feasible alternative to satisfy the City’s
need for a supplemental water supply.

Nevertheless, the City could make Wente Lake part of a water supply contingency plan. Using
Wente Lake only in emergencies would entail fewer permitting requirements. A gravity diversion
from Wente Lake to Morris Reservoir is achievable with a closed conduit connection, comprising
about 4.4 miles of cross-country pipeline together with flow and pressure control facilities.

Another potential approach for emergency use of Wente Lake is to:

e Divert water from Wente Lake into creek channels for open channel flow to a
temporary impoundment about 1.4 miles downstream

e Pump water from the impoundment into a nearby portable water treatment plant

e Deliver finished water from the portable water treatment plant to the existing
transmission main at East Hill and East Side Roads via 7,700 lineal feet (LF) of
temporary pipeline

To minimize cost, the City could rent rather than purchase the portable water treatment plant and
temporary pipeline only as needed during a water supply deficit, or obtain the temporary
components through the Office of Emergency Services. Portable water treatment plants are
commercially available at capacities approaching 1.0 mgd per trailer. The stream channel
approach is illustrated in Figure 5-1.
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Depending on the selected supplemental supply alternative and the timeframe for implementation,
the City should consider further developing a water supply contingency plan, potentially involving
Wente Lake.

NEIGHBORING WATER SYSTEM INTERCONNECTION

The City obtained 70 AF through a temporary 8-inch diameter overland pipeline connection to the
Brooktrails water system during the 1970s drought. Brooktrails relies on a relatively small surface
water supply but is considering a project to expand the reservoir storage capacity, and the City is
in discussions with Brooktrails regarding possible participation in the project. While the project is
conceptual and the water supply capacity from Brooktrails to the City is unknown at this time, the
City is encouraged to take advantage of any cost effective opportunity to supplement the City
water supply by participating in the Brooktrails project.

The next closest sizeable community, the City of Ukiah, is greater than 20 miles from the City of
Willits. The City of Ukiah uses both groundwater and riverbank filtered surface water from a
collector well at the Russian River. The riverbank filtered surface water is treated in a
conventional filtration plant. The Director of Public Utilities indicated that the City of Ukiah has
emergency interconnections with two neighboring small water systems, but does not have
sufficient water supply capacity to share on a regular basis. In fact, the City of Ukiah is exploring
the development of additional groundwater supply capacity to meet its own needs.

Furthermore, this alternative would entail significant cost and permitting requirements, including
the need to address interbasin transfer issues. Considering the water supply, cost, and
environmental permitting issues, interconnecting with the City of Ukiah is not considered as a
feasible alternative to satisfy the City’s need for a supplemental water supply.

RECYCLED WATER SUPPLY

Many water systems in California have developed or are pursuing the development of recycled
water supplies to offset the demand for potable water. Most recycled water supply systems entail
advanced treatment of wastewater to generate a non-potable water supply that is compliant with
the terms and conditions of California Code of Regulations Title 22, distribution of the recycled
water supply through a dedicated distribution system, and in some cases, storage in dedicated
reservoirs. The recycled water supply is typically used to irrigate crops, turf and landscapes.

The City is in the process of designing a major upgrade of its wastewater treatment facilities. The
project includes an effluent storage pond and a dedicated irrigation field, and several farmers have
expressed interest in receiving effluent for irrigation of their crops. However, those farmers do not
currently use City water, so irrigating the crops with treated wastewater will not offset potable
water demand from the City.

The current wastewater treatment facilities upgrade project is not intended to generate recycled
water that complies with Title 22. The City previously explored providing recycled water to offset
potable water demands within the City, but the large customers that were interested in receiving
recycled water have since gone out of business. The City does not anticipate a significant demand
for recycled water, and therefore, the development of a recycled water supply to offset some of the
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potable water demand is not considered a feasible alternative to satisfy the City’s need for a
supplemental water supply.

Nevertheless, irrigating nearby crops with treated wastewater will offset some of the groundwater
supply needs of the local area farmers and indirectly benefit the City if groundwater is developed
as a potable water supply for the City water system.

GROUNDWATER SUPPLY

The feasibility of implementing a groundwater supply for the City to supplement the existing
surface water supply depends on the groundwater quality and treatment requirements, the location
and yield of proposed wells, and the effect of City pumping on local area agricultural and
domestic wells. References for the groundwater supply analysis include:

e Weeks Drilling and Pump Company. 1984. Water Well Drillers Report. (Weeks 1984)
e Weeks Drilling and Pump Company. 1984. Test Pump Log. (Weeks 1984)

e Alpha Analytical Laboratories, Inc. 1984. Chemical Examination Report. (Alpha 1984)

e Farrar, C.D. 1986. Ground-Water Resources in Mendocino County, California. USGS
Water-Resources Investigations Report 85-4258. (USGS 1986)

e State of California — Resources Agency, Department of Water Resources, Northern
District. 1987. City of Willits — Department of Water Resources Ground Water Study.
(DWR 1987)

e State of California — Resources Agency, Department of Water Resources, Northern
District. 1988. Letter to City of Willits. (DWR 1988)

e Alpha Analytical Laboratories, Inc. 2000. Chemical Examination Report. (Alpha 2000)

e Willits Environmental Remediation Trust. 2002. Former Remco Hydraulics, Inc. Site,
Willits, California, Final Remedial Investigation Report Summary. (WERT 2002)

e California Department of Water Resources. 2004. California’s Ground Water Bulletin
118. Little Lake Valley Groundwater Basin. (DWR 2004)

e California State Water Resources Control Board. 2005. www.Geotracker.com.
(SWRCB 2005)

Little Lake Valley Groundwater Basin

The Little Lake Valley groundwater basin is an irregularly shaped basin in the Coast Range within
central Mendocino County (DWR 2004). The basin is approximately seven miles long and as
much as three miles wide near the centerline of the valley and likely was formed by faulting along
its margins. The City is located in the west-central portion of the basin. The Little Lake Valley is
drained to the north by several streams including Baechtel, Broaddus, Davis, Haehl and Willits
Creeks and then to the northwest through Outlet Creek.

Water-bearing formations in the basin consist of the Quaternary alluvial deposits and older
Pliocene to Pleistocene continental basin deposits. Groundwater is locally available in fractures in
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the underlying and surrounding consolidated bedrock of the Jurassic-Cretaceous Franciscan
Complex. The alluvial deposits are Holocene in age and cover most of the flat portions of the
valley, an area of approximately 12 square miles. The alluvium, which consists of uncemented
gravel, sand, silt and clay, is the most productive aquifer in the valley, and properly constructed
wells in favorable areas of the alluvium can yield several hundred gallons per minute. Most of the
groundwater in the alluvium is either confined or semiconfined beneath extensive sheets of fine-
grained sediments, or unconfined along the valley margins and in the shallow alluvium along
creek channels. Specific yield for the alluvium is estimated at about eight percent, which is
reasonable for water supply wells. Most recharge to the alluvium occurs at the southern margin of
the alluvial plain. Hydrographs of groundwater levels from the late 1950s to present show typical
seasonal water level fluctuations without any significant long-term trends.

Park Well

The City constructed a groundwater well known as the Park Well east of Lenore Avenue and just
south of Commercial Street in 1984. The Park Well was drilled to a depth of 240 feet below
ground surface, and it has a 50-foot deep sanitary seal, an 8 5/8-inch diameter steel casing of
0.188-inch wall thickness, a high capacity wire wrapped screen with 0.07-inch slot openings, and
a packing of fine pea gravel (Weeks 1984). The steel casing is not corrosion resistant, the casing
wall is relatively thin, and the packing is not sized or graded to maximize yield and prevent sand
production from the well.

Pumping tests in the 1980s revealed that the Park Well can support a pumping rate of
approximately 225 gallons per minute (gpm) for 180 consecutive days per year (i.e. 360 AF/year),
causing a maximum drawdown of about 7.5 feet in neighboring wells within a 1,000 feet radius
(DWR 1987 and 1988). However, the existing pump in the Park Well has a greater capacity than
225 gpm and causes more significant drawdown of neighboring wells. The Park Well was not
connected to the City water system, but is used seasonally to irrigate athletic fields in the vicinity
of the wellhead.

Groundwater Quality

Groundwater in the Little Lake Valley is characterized as calcium-magnesium bicarbonate and
magnesium-calcium bicarbonate, with a few exceptions characterized by sodium bicarbonate and
sodium chloride (DWR 2004). Total dissolved solids concentrations from 17 wells in the Little
Lake Valley range from 97 to 1,710 mg/L and average 340 mg/L (USGS 1986) while some local
area wells contain significant concentrations of arsenic, boron, iron and manganese (DWR 2004).
Arsenic is a health concern in drinking water, and the federal maximum contaminant level (MCL)
was reduced to 0.010 mg/L in January 2006. Significant concentrations of boron in a water supply
can restrict crop yield and adversely affect landscaping and house plants. Iron and manganese are
the cause of aesthetic concerns but not health effects in drinking water, and are subject to
secondary MCLs.

Pertinent water quality data for the Park Well are summarized in comparison to the respective
drinking water MCLs in Table 5-1 (Alpha 1984 and 2000 and DWR 1987).
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Table 5-1. Park Well Water Quality

Sample Collection Date

May 8, 1984 | September 4, 1986 | March 21,2000 | MCL®
Alkalinity, mg/L as CaCOj3 382 344 357 None
Apparent Color, PCU — — 7 10®
Arsenic, mg/L — 0.122 0.150 0.010©
Boron, mg/L BDL®@ 0.2 — 3@
Chloride, mg/L 12 8 7.9 250®
Fluoride, mg/L 0.4 — 0.23 20
Hardness, mg/L as CaCOs 330 — 298 250"
Iron, mg/L 0.9 1.1 2.0 0.3®
Manganese, mg/L 2.7 3.2 3.5 0.05®
Nitrate, mg/L BDL — BDL 45©
Odor, TON — — BDL 3®
pH 7.4 — 7.1 6.5 to 8.5
Specific Conductance, umhos/cm 910 — 667 None
Sulfate, mg/L BDL 4 BDL 2500
Total Dissolved Solids, mg/L 395 — 384 500®
Turbidity, NTU 7.8 — 18 0.3

@ Maximum contaminant level

®) Secondary (aesthetic based) MCL

© Primary (health based) MCL; listed arsenic value is federal MCL

@ Below detection limit

© Threshold for agriculture and landscape irrigation rather than state or federal MCL
® Value applicable to filtered surface water supplies

The water quality parameters of concern in the Park Well are arsenic, hardness, iron, manganese
and turbidity. The removal of these undesirable constituents from a water supply is readily
achievable via oxidation-filtration enhanced by coagulant addition. However, the relatively high
turbidity of the groundwater from the Park Well is indicative of sand production from the well,
which can cause excessive wear of the wellhead equipment. Hardness is a cause of aesthetic
concerns but not health effects in drinking water. City water customers who are accustomed to the
existing surface water supply with a hardness of 120 mg/L may experience more scaling in
plumbing fixtures and appliances with the 300 to 330 mg/L of hardness in the groundwater supply.
The customers also may use more soap to generate lather and more water for rinsing with the
groundwater supply. Hardness reduction is achievable via softening but the cost of centralized
softening is generally greater than the benefit. Alternatively, individual water customers can install
point-of-entry softeners at their discretion.
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The most publicized groundwater contamination in the City is the former Remco Hydraulics
facility, located southwest of the intersection of Highways 20 and 101, where leaky chrome
plating tanks introduced volatile organic chemicals (VOCs) and hexavalent chromium into the
groundwater beneath the site. The remedial investigation has determined the horizontal extent of
contamination is widespread only near the ground surface, the contamination is mostly contained
within the site, the contamination has not migrated far from the source, and interim remedial
actions have removed the contamination sources and limited the routes of migration (WERT
2002). Nevertheless, continued monitoring of the groundwater quality in the vicinity of the Remco
Hydraulics site is advisable to confirm the adequacy of remediation.

Several leaky underground storage tanks (LUSTSs) were identified in the northeast quadrant of the
City, but the identified leaks were relatively minor (SWRCB 2005). Nevertheless, investigation of
the case files containing more detailed information about the LUST sites is recommended prior to
final site selection for a City well(s).

Proposed Groundwater Supply

The City will need about 1.8 mgd of supplemental water supply by 2025 without enforcing
Ordinance 95-4 during critically dry periods (Table 4-6). It is assumed herein that the maximum
reliable pumping capacity of the proposed wells is 330 gpm per well. Therefore, delivering
1.8 mgd of groundwater into the distribution system would require the development of four wells
with a pumping capacity of 330 gpm each. The combined pumping capacity of the proposed wells
is somewhat greater than 1.8 mgd because a portion of the groundwater flow is needed to
backwash filters and for other non-potable purposes in a typical groundwater treatment plant.

Alternatively, the City could redevelop and re-equip the Park Well as a 225 gpm potable water
supply well after video logging and an additional pumping test to evaluate the well condition,
identify needed repairs, determine the severity of sand production, and confirm the groundwater
quality. However, because the current condition and longevity of the Park Well are questionable,
and at best, conversion of the Park Well into a potable water supply well would defer the need for
one of the proposed wells, it is recommended that the City retain the Park Well for non-potable
use (i.e. irrigation) only.

Under current demand conditions, the City will need about 0.6 mgd of supplemental water
supply in critically dry periods while enforcing Ordinance 95-4 Stage Il, and 0.9 mgd to avoid
enforcement of Ordinance 95-4 (Table 4-6). Whether the City is willing to enforce Ordinance
95-4 to survive critically dry periods in the long-term is a policy decision that may entail
significant deliberation by the City. Consequently, phased implementation of the groundwater
supply project is recommended to allow time for such deliberations and to minimize the
immediate capital investment.

The phasing plan would entail:
Phase 1 — Developing two 330 gpm wells, and constructing a centralized 0.9 mgd

groundwater treatment plant to eliminate the current water supply deficit

Phase 2 — Developing an additional well to pump 330 gpm, and expanding the
groundwater treatment plant to a capacity of 1.35 mgd by 2015 or as dictated by
increasing demands
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Phase 3 — Developing an additional well to pump 330 gpm, and expanding the
groundwater treatment plant to a capacity of 1.8 mgd by 2025 or as dictated by
increasing demands

The approximate locations of the Phase 1 groundwater supply facilities are depicted in Figure 5-2.
Approximately 2,500 LF of 8-inch diameter pipeline would connect the proposed wells to the
groundwater treatment plant, and approximately 500 LF of 12-inch diameter pipeline would
connect the groundwater treatment plant to an existing 8-inch diameter pipeline in Valley Street. It
is assumed that each of the Phase 2 and Phase 3 wells will require about 1,000 LF of 8-inch
diameter pipeline to connect to the centralized groundwater treatment plant. An additional 1,100
LF of pipeline, from the groundwater treatment plant connection in Valley Street to Lenore
Avenue, may prove necessary in the future depending on the final groundwater supply capacity. A
side benefit of the proposed groundwater supply location is that the treated groundwater would
enter the distribution system in the northern sector of the City while the treated surface water
would continue to enter at the south end, potentially reducing the need for future distribution
system improvements in other areas of the City water system.

Locating the groundwater supply and treatment facilities as depicted in Figure 5-2 would place the
wells in a 100-year flood plain and potentially in a floodway. Nevertheless, this general location is
recommended to maximize the groundwater quality and yield. Locating the wells further to the
east and closer to the centerline of the Little Lake Valley would help to maximize the groundwater
quality and yield, but would entail property acquisition and extend the time requirements for
project implementation. The Department of Health Services (DHS) prohibits the construction of
water supply wells in a 100-year floodplain unless there are no viable alternatives, and
consultation with DHS is a recommended early step in the groundwater supply project. It is
anticipated that DHS will accept the proposed locations of the groundwater supply and treatment
facilities, providing that the wellheads and treatment facilities are high enough in elevation to
prevent surface water from contaminating the groundwater supply and to protect the pumping and
treatment facilities from potential flood damage.

To achieve 330 gpm per well, the preliminary recommendation is to drill the proposed wells to a
similar depth as the Park Well but with a larger diameter to achieve greater yield and efficiency.
Other recommendations to provide greater efficiency, strength and durability in the proposed wells
as compared to the Park Well include:

e Casing wall thickness of at least 0.32 inches

e Casing and screen construction with corrosion resistant materials such as copper-bearing
steel, high-strength low alloy steel, or type 304 stainless steel

e Packing composed of durable and appropriately sized and graded gravel to maximize yield
and minimize sand production for site-specific conditions

Screening intervals are typically determined as part of the drilling operation. Nevertheless,
screening intervals generally similar to the Park Well are anticipated in the proposed wells.
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Figure 5-2. Groundwater Supply Project — Phase 1 Conceptual Vicinity Map
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The groundwater treatment facilities would remove arsenic, iron, manganese, turbidity and other
undesirable constituents as necessary, depending on the actual groundwater quality, to produce
potable water in compliance with the drinking water regulations. Constructing the Phase 1
treatment facilities and then incrementally expanding the plant capacity would cost more, even in
current dollars, than initially constructing 1.8 mgd of treatment facilities due to economies of
scale. However, incremental expansion of the plant together with phased implementation of the
other project components would minimize the initial effect on rates.

The groundwater treatment plant would include an oxidation-filtration system, chemical storage
and feed facilities, and waste handling facilities as well as instrumentation and controls to
accommodate remote control of the well pumps and treatment facilities from the existing plant at
Morris Reservoir. The use of backwash ponds is assumed in the costs estimates and Figure 5-2
although discharging the waste streams to the City sewer system, if feasible, could reduce the cost
and footprint of the groundwater supply project. Softening to reduce hardness is not included in
the cost estimates. Standby power is not needed at the wells or groundwater treatment plant
because a concurrent electrical power supply interruption at the groundwater treatment plant and
the surface water treatment plant is very unlikely, and after implementation of Phase 2 of the
groundwater supply project, either plant could supply the average demands. The development of
more specific design criteria for the groundwater treatment plant will depend on the groundwater
quality from the proposed wells as determined after pumping tests.

The preliminary estimated capital cost of Phases 1, 2 and 3 combined is $7.0 million as itemized
in Appendix E. Lower capital costs are potentially achievable by:

e Discharging the groundwater treatment plant waste streams to the City sewer system
instead of providing on-site treatment

e Reducing the capacity of the groundwater supply facilities and enforcing Ordinance
95-4 Stage 11 to survive critically dry periods in the long-term

e Reducing the capacity of the groundwater treatment facilities and using additional
groundwater as a non-potable water supply

Determining the feasibility of discharging the waste streams to the City sewer system and other
sub-alternatives to reduce the cost of the groundwater supply project is appropriate for the
preliminary design phase of the project.

COMPARISON OF ALTERNATIVES

The following water supply alternatives were deemed inadequate to satisfy the City’s need for a
supplemental water supply or were otherwise not feasible:

e Raising Morris Dam

e Increasing height of Morris Dam flashboards

e Dredging Morris Reservoir

e Gaining access to Wente Lake
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e Interconnecting with neighboring water system
e Implementing recycled water supply

While gaining access to Wente Lake is not considered a feasible alternative to satisfy the City’s
need for a supplemental water supply, the City could make Wente Lake part of a water supply
contingency plan, as described in this report.

The three feasible alternatives to augment the City water supply and a matrix comparison of
critical evaluation criteria are provided in Table 5-2.

Table 5-2. Comparison of Water Supply Alternatives

Expanded Morris Supplemental Surface

Alternative Reservoir® Water Supply® Groundwater Supply
Capacity through High High High
2025
Capacity to High Uncertain®© Uncertain®©®
accommodate growth
beyond 2025
Water quality Positive Positive Potentially negative®
perception
Benefit to distribution Low Uncertain®© High
system
Relative cost High High Moderate
Environmental Major Major Moderate
permitting
requirements
Land purchase Minor® Major Minor®
requirements
Phasing potential None None High
Implementation 10 years 10 years 2 years
timeframe

@ Raising or replacing Morris Dam

®) Building another dam elsewhere in Little Lake Valley

© Depends on capacity and location of additional dam and reservoir

@ potentially limited by groundwater basin capacity

© Greater hardness of groundwater supply may cause aesthetic concerns for some customers
@ Potentially none

@ Potentially none in Phase 1

Developing a supplemental surface water supply would entail a similar cost and timeframe as
expanding Morris Reservoir, but would require a much greater land purchase and may not
provide as much capacity to accommodate growth beyond 2025. Consequently, expanding Morris
Reservoir and developing a groundwater supply are the more feasible alternatives to satisfy the
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City’s need for an additional water supply. The primary benefits of a groundwater supply are its
lower cost and more rapid implementation compared to an expanded surface water supply and its
phasing potential. The capital cost estimate for all three phases of a groundwater supply is
$7.0 million, which is less than half of the capital cost estimate for an expanded surface water
supply. Because the groundwater supply would require treatment, the operations and maintenance
(O&M) cost for a groundwater supply is similar to the O&M cost for an expanded surface water
supply, and the capital cost is the primary differentiator. Furthermore, phasing the
implementation of the groundwater supply can minimize the initial effect on rates, which is not
the case for an expanded surface water supply. The principal downside of a groundwater supply
is its uncertain capacity to accommodate growth beyond 2025.

Given the cost and other advantages, the development of a groundwater supply is the
recommended alternative for the City to provide an adequate water supply through
2025. Nevertheless, it is recommended that the City plan to expand Morris Reservoir and the
surface water treatment plant in the future if annexations and growth projections require a
greater water supply capacity than the existing surface water supply and proposed groundwater
supply can support.
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6. CONCLUSIONS AND RECOMMENDATIONS

Population and land use methodologies were used to project the 2025 and build-out water
demands for the City. The land use methodology was considered more accurate, and the land use
based demand projections were used as a basis of planning for the remainder of the study.
Demand management measures were determined to have significant potential to reduce water
demands in the future, and estimates of demand reduction were incorporated into the projected
2025 water supply requirements.

Hydrological analysis and modeling of the Centennial and Morris Reservoir system revealed a
current worst-case water supply deficit of 650 AF/year and a projected 2025 worst-case deficit of
1,300 AF/year in critically dry years. Enforcement of Ordinance 95-4 during critically dry years
would reduce but not eliminate the worst-case deficits. The supplemental water supply
requirements for the City are summarized in Table 6-1.

Table 6-1. Supplemental Water Supply Requirements

Without Enforcement
of Ordinance 95-4

With Enforcement of
Ordinance 95-4 Stage |

With Enforcement of
Ordinance 95-4 Stage Il

Current Demands, mgd

0.9

0.8

0.6

Projected 2025
Demands, mgd

1.8

1.5

13

The supplemental water supply alternatives for the City include:

e Additional surface water supply

e Neighboring water system interconnection
e Recycled water supply

e Groundwater supply

Several of the alternatives were deemed inadequate to satisfy the City’s need for a supplemental
water supply or were otherwise not feasible. The three feasible alternatives are: 1) expanding the
capacity of Morris Reservoir, 2) building another dam elsewhere in the Little Lake Valley to
expand the surface water supply, and 3) developing a groundwater supply. The capital cost
estimate for a supplemental or expanded surface water supply is $18 to $20 million while the
capital cost estimate for a groundwater supply is $7.0 million (Appendix E). In addition to the
cost and other advantages of the groundwater supply alternative, it is feasible to implement the
groundwater supply project in phases and minimize the initial effect on rates, which is not the
case for an expanded surface water supply. The principal downside of the groundwater supply
alternative is that the long-term annual yield of the Little Lake Valley groundwater basin may
limit the groundwater supply potential to accommodate City water system growth beyond 2025.
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As a result of this Water Supply Planning Study, it is recommended that the City:

Designate a Water Conservation Coordinator to develop, launch and manage a City water
conservation program and oversee the implementation of demand management measures,
as described in this report.

Continue aggressively detecting and repairing leaks in the water distribution system and
maintaining or replacing meters to reduce the UAF water demand to 12 percent of the
customer water demand.

Determine whether to develop enough supplemental water supply capacity to avoid
enforcement of Ordinance 95-4 in critically dry years.

Continue to operate the lower outlet(s) of Morris Reservoir as necessary to scour the
immediate bottom area and minimize future sedimentation, and work with the County to
promote erosion control in the upper Davis Creek watershed.

Pursue the use of Wente Lake as part of a water supply contingency plan, as described in
this report.

Provide treated wastewater to local area farmers to offset the agricultural demand for
groundwater and increase the groundwater supply availability to the City.

Incorporate the water supply needs of any future annexation into the capacity of a
supplemental water supply project(s).

Continue discussions with Brooktrails to determine the feasibility and potential
advantages of participating in an expansion of the Brooktrails water supply capacity.

Develop a groundwater supply as described in this report.

Plan to expand Morris Reservoir and the surface water treatment plant in the future if
annexations and growth projections require a greater water supply capacity than the
existing surface water supply and proposed groundwater supply can support.

Implementation of the first phase of the groundwater supply project, as described in this report
and depicted in Figure 5-2, will entail:

1.

Evaluating environmental impacts, preparing necessary environmental documentation,
and soliciting public comments for CEQA compliance.

Consulting with DHS, investigating potentially contaminating activities that may affect
water quality, and adjusting proposed well locations and screening intervals as necessary.

Initiating detailed design of wells, pipelines and groundwater treatment plant, and
securing easements as necessary.

Drilling wells, conducting pumping tests, collecting water quality data, and incorporating
test results and water quality data into detailed design.

Finalizing design and amending domestic water supply permit from DHS.

Advertising project, evaluating and awarding construction contract, and administering
contract through completion.
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7. Commissioning facilities and training operators as regards groundwater supply operations
and maintenance requirements.

The preliminary description of the groundwater supply project, found in this report, will serve as
a rational foundation to pursue CEQA compliance and proceed into design.
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APPENDIX A - Detailed Model Description

GENERAL MODEL DESCRIPTION

The Willits water supply model was developed as a spreadsheet. System conditions (e.g.,
beginning reservoir storage and water demands) are initialized for a given date, with subsequent
operations determined by a series of rules and constraints. Each day’s operation is dependent
upon the state of the system at the end of the previous day. The model is used to simulate
continuous operation of the system, day-to-day, month-to-month and year-to-year, over a time
period of 36 years. The effects of a set of operating rules can be evaluated by running a
simulation over the long-term hydrologic record that includes periods of flood and prolonged
drought. Appendix A contains a detailed description of the model.

This type of model can be used to evaluate a given set of demands or operational rules over a
long sequence of months and years. Starting with the historical hydrology (watershed inflows),
the model stores or moves water based on a given set of rules and constraints such as
demands, bypass requirements, flood control or spillway requirements. The results indicate
what water is expected to be available for various purposes under the specified operational
rules.

SYSTEM DEPICTION

Figure 1-A is the model representation of the City’s reservoir system. Daily inflows are input,
along with evaporation rates, reservoir operating parameters, flow requirements, and water
demands. Operations of the reservoir system were designed, based on discussions with system
operators, to mimic actual operations.

Figure 1-A Model Schematic

Centennial Inflow
Centennial Evaporation

Centennial Storage

Centennial Release

Other Inflow

\ Morris EVapOration

Morris Storage

Willits
WTP

Morris Release
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BASIC MODEL ASSUMPTIONS

Operations

The primary purpose of Centennial and Morris Reservoirs is water supply; these reservoirs are
not operated to provide flood protection. Safety of Dams criteria dictates operation of
flashboards at Centennial and Morris Dams, these flashboards increase storage capacity when
they are in place.

In the winter, water is held upstream in Centennial Reservoir until it is required for water supply
or spills into Morris. Moirris is filled during the winter from Centennial spills and from local area
runoff.

In the summer, water released from Centennial at a constant rate so that Centennial will reach
its minimum pool by October 31. The algorithm used does not “look ahead”, so increases in
inflow or additional water required by Morris can alter summertime operations.

State Water Resources Control Board License 11311, Permit 17613 and Permit 20352 govern
reservoir operations. Permit 20352 specifies Davis Creek bypass flow requirements for both
reservoirs. These bypass requirements are implemented using two lookup tables: one table for
the normal year bypasses (as defined in the Permit); and a second table for the drought year
bypasses (as defined in the Permit). These tables match the seasonal bypass requirements
specified in Permit 20352, paragraphs 18 and 19. The model looks up the value for the condition
and the month, and bypasses the minimum of this value or the actual reservoir inflow, whichever
if less. This same bypass procedure is used for each reservoir.

Hydrologic Data Development

The volume and timing of runoff into the reservoir system significantly influences water supply
results. Therefore, it is important to use the best inflow data available. Because there are no
long-term stream gage records for the inflow into Centennial and Morris Reservoirs, inflows were
estimated based on data provided by the State of California Department of Water Resources,
data provided by the City of Willits, and USGS streamflow reports. The inflow and evaporation
data are described in detail in Appendix B.

Figure 2-A contains a chart showing annual inflows to both Centennial and Morris Reservoirs;
the average total inflow to both the reservoirs is 3,100 acre feet.

Calibration / Validation

To verify the accuracy of the model and the conclusions that are based on model results,
modeled storage was compared with historical storage. Actual water deliveries and dates of
flashboard use were used as inputs to the model and the reservoir storage levels were
compared with historic data. This comparison and discussions with system operators confirm
that the model is an acceptable tool for this water supply analysis. Appendix C contains a
detailed comparison of the modeled results and historical data.
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Figure 2-A Reservoir Inflows
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User Interfaces
Inflows, storage and outflows from Centennial and Morris Reservoirs are graphically depicted in
Figure 3-A. These modeled parameters show the month-by-month results of each simulation.

Several sheets within the model provide additional graphic and tabled information regarding the
results of each simulation. These sheets are described later in this report.

Model Layout

The model is coded by several worksheets within a single Excel workbook. The individual
worksheets group common functions or purposes. Several of the worksheets are further
organized into sections to provide the user with logically grouped information.

The Excel workbook contains the following worksheets:
System schematic
Control

Daily Model

Monthly Charts
Operations Chart

Annual Charts

Period of Record Charts
Lookup

License and Permits
Centennial Area-Capacity
Morris Area-Capacity

Each of these worksheets is described here:
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System Schematic Worksheet

This worksheet contains a schematic representation (Figure 3-A) of the major components in the
water system that are simulated by the model. The flowchart reports an end of month “snapshot”
of reservoir storage and modeled flows. The user can specify the month to display by typing the
year and month in the control box located in the worksheet. The user may also step through the
simulation one month at a time or one year at a time by clicking on the forward and backward
arrows in the control boxes.

Control Worksheet
The control worksheet contains parameters used to control the simulation of the water system.
The control worksheet is shown in Figure 4-A.

The control worksheet is divided into the following sections:

e Demand Data
Current and future water demand requirements are entered into this monthly table.

o Reservoir Operations
The physical operations criteria for the system are defined in this section. For each
reservoir, the minimum pool, maximum storage, and flashboard installation dates may
be entered. The minimum pool is the lowest level that water can be drawn out of a
reservoir. The outflow could be limited by the elevation of the gates or sediment
filling the bottom of the reservoir. Installing flashboards across the spillway of each
reservoir increases the maximum storage capacity. The dates that flashboards are
installed and the new maximum capacities are entered in this table.

e System Losses
The only losses considered this model are evaporative losses; storage losses due to
seepage and sedimentation are not modeled. These losses are entered separately
for each month for each reservoir. The procedure for estimating the evaporative
losses is described in Appendix B.

e License and Permit Requirements
Requirements for various licenses and permits are specified in this section.

0 License 11311 restricts direct diversions, diversions to storage, the sum of the
direct diversions and diversions to storage, and the sum of the direct
diversions and withdrawals from storage.

o0 Permit 17613 adds an additional 280 acre-feet that may be collected to
storage in Morris Reservaoir.

0 Permit 20352 allows up to 767 acre-feet to be diverted and put to beneficial
use. This permit also specifies Normal and Drought year minimum bypass
requirements for both reservoirs.

Daily Model Worksheet

The actual simulation is performed in this worksheet. Details of the model logic are contained in
Figure 5-A. This chart includes the equations that are embedded in the model and their
descriptions.

The Daily Model Worksheet is visually grouped into four sections:
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e Inflows
Two series of inflow were analyzed. Both sets of inflow data were developed by
regression with a similar basin with a USGS gage. The first inflow series was based on
data taken by the Department of Water Resources from 1986 — 1988; the second series
was based on the 2005 Centennial inflow records kept by the City of Willits. There are
more details on development of the inflow series in Appendix B. The simulated data for
Centennial and Morris and the entire watershed is an input to the model in this section.

¢ Centennial Reservoir
This section of the model simulates Centennial reservoir operations.

e Morris Reservoir
This section of the model simulates Morris reservoir operations.

Monthly Charts Worksheet

This worksheet can be used to step through and view water supply system information for each
month. Controls allow stepping through simulation one month or one year at a time or jumping
to a specific month and year.

Operations Chart 1 Worksheet
This chart graphically depicts the monthly shortages and end-of-month storages for the entire
simulation.

Operations Chart 2 Worksheet
This chart graphically depicts the daily shortages and storages for the entire simulation.

Annual Charts Worksheet
This worksheet totals daily data from the simulation into monthly tables. Charts allow stepping
through and viewing simulation data for a single year.

Period of Record Charts Worksheet
This worksheet totals daily data from the simulation into a yearly table. Charts summarize
simulation results in various formats.

Lookup Worksheet

This worksheet contains data for looking up year type (Normal or Drought). The year type is
estimated twice a year, on March 1 and on April 30. Figure 4-A shows the historical year types.
This information is used to determine bypass flow requirements for the coming year.
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License and Permits Worksheet
This worksheet contains water supply limits and bypass requirements from the license and
permits.

Centennial Area-Capacity Worksheet

This worksheet contains elevation, capacity and area data for Centennial Reservoir. This table
is used to determine surface area of the reservoir for evaporation calculations. Area-Capacity is
discussed further in Appendix B, and the curves are in Figure 5-B.

Morris Area-Capacity Worksheet

This worksheet contains elevation, capacity and area data for Morris Reservoir. This table is
used to determine surface area of the reservoir for evaporation calculations. Area-Capacity is
discussed further in Appendix B, and the curves are in Figure 5-B.
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Figure 3-A
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Figure 4-A
CONTROL DATA

NOTE This is a listing of all the variables for the simulation model.
The values in the yellow cells are the values that may be changed.

[Demand Data

Monthly Demand Pattern (less backwash) - acre feet

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Total (af) Total (mg)
Current (2003) 95.8 70.8 78.0 66.6 65.3 71.6 76.5 90.8 120.8 131.9 123.3 107.8 1099 358
Future 144.8 101.7 116.2 96.7 93.7 103.5 110.6 134.6 186.4 205.3 190.7 164.6 1649 537

[Reservoir Operations

Flashboard Max Storage
Date Min Pool | with FB w/o FB
Centennial Apr 2 50 635 512
Morris Mar 16 100 726 628

[System Losses

Reservoir Evaporation (in)

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP Total
Centennial 2.52 1.07 0.66 0.83 1.21 2.55 3.88 5.77 6.53 7.91 6.97 4.67 44.59
Morris 2.52 1.07 0.66 0.83 1.21 2.55 3.88 5.77 6.53 7.91 6.97 4.67 44.59

[License and Permit Requirements

Max Diversion plus

Max Morris Storage Max Centennial Max Diversion plus Morris Withdrawals
Max Direct Diversion (cfs) (af) Storage (af) Morris Storage (af)

| 2.00 | | 915 | | 767 | | 1888 | | 2491 |
Permit 17613 addition 280

Minimum Bypass (cfs) - Normal Year

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

Centennial 1 1 1 1 1 1 1 1 1 1 1 1

Morris 1 5 5 5) 5) 1.5 0.5 0.75 1 1 1 1

Minimum Bypass (cfs) - Drought Year

Centennial 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Morris 0.1 15 3.5 3E5) 3.5 1 0.5 0.1 0.1 0.1 0.1 0.1

A-8 City of Willits
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Figure 5-A
List of Columns in Daily Model

Heading Title Units | Column Equation Description
Dates yg:rth - A =DATE(YEAR(B16),MONTH(B16),1) Used for creating monthly totals and graphics
Date B
=VLOOKUP(IF(MONTH(B16)<3,YEAR(B16)- L .
Normal or Drought as defined in Permit 20352, used
Year Type C 1,YEAR(B16)),Year_Type,IF(MONTH(B16)=0OR(3 . . '
4),2,3),FALSE) to determine bypass requirements
Inflows Centennial CFs D Model input developed separately Simulated daily inflow based on regression with Elder
Creek near Branscomb
Morris+ . Simulated daily inflow based on regression with Elder
Cent CFs E Model input developed separately Creek near Branscomb
Morris CFS F Model input developed separately Total basin flow less Centennial inflow
. ACRE- _ A
Centennial | Inflow FEET H =D16*1.983 Centennial inflow converted to acre-feet
=HLOOKUP(MONTH(B16),Control!$C$25:$N$28, - . .
vaporaton | ACRE | | | SFALSE)IF(DAY(B16)=31 SLEDATEB161)- | oot cn oiF FAP R SRR SO 2 At e
P FEET B16)*VLOOKUP(T15,'Centennial Area- beginning of mont.h Storage P
Capacity'!$C$7:$D$34,2, TRUE)/12 gihning ge.
Bypass ACRE- 3 =MIN(H16,HLOOKUP(MONTH(B16),Control!$C$ | This value is minimum of bypass flow and Centennial
Release FEET 39:3N$46,IF(C16="Normal",3,7),FALSE)*1.983) inflow
=IF(AND(B16>DATE(YEAR(B16),MONTH(Control . . . .
I\S/lt?));a . K I$C$18),DAY(Control!$C$18)),B16<DATE(YEAR( xﬁgﬂﬁgﬂ‘;‘ﬁﬁg’rg gfenltﬁggﬁ‘é g This value changes
9 B16),10,1)),ControlI$E$18,Control!$F$18)
Number of
days left of ACRE- =IF(AND(MONTH(B16)>4,MONTH(B16)<11),DAT Number of days until November 1, if date is after April
summer FEET L E(1967,11,1)- 30
drawdown DATE(1967, MONTH(B16),DAY(B16)),0)
to Morris
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Heading | Title Units | Column | Equation Description
Standard
summer ACRE- M =IF(L16>0,MAX(0,(T15-Control'$D$18)/L16+H16- | Useable water left in Centennial divided by the
drawdown FEET 116),0) number of days left of summer drawdown
to Morris
Extra
Summer .
release ACRE- \ =IF(AG15<Control!$D$19+75,MAX(0,MIN(T15- :;f'}”?;rl'esagaestLeesz g‘:l:‘nﬁfavf/;;fﬁtsgg ‘f)se,f‘ﬂt(’)'fri‘g’?rt;fn
when FEET Control!$D$18,AB15+AA15)),0) y [SICESE , : y
L Centennial if the water is available
Morris is
low
Extra
winter =IF(OR(AND(AG15<Control!$D$19+75,AA15>=2 | If Morris has less than 75 acre-feet of useable water
Centennial release ACRE- o 15),AND(AG15<Control!$D$19+10,(T15- left and the full bypass is already being released from
when FEET Control!$D$18)>(Z15-V15))),T15- Morris, or if Morris has less than 10 acre-feet, release
Morris is Control!$D$18,0) whatever water Centennial has available
low
If Morris is within 100af of full don't make extra
e | ARE | |cEeGISYVIO ey T
. FEET 100,0,IF(L16>0,MAX(M16,N16),MAX(0,016))) gree 9 _ ) '
to Morris During the winter make extra winter releases if
needed.
. ACRE- _ e i Amount of water that is over the spillway (>max
Spill FEET Q =MAX(T15+H16-116-MAX(J16,P16)-K16,0) storage)
Release to .
Davis ACRE- R —MAX(T15+H16-116-K16,MAX(J16,P16+Q16),0) Sur|r|1 of Bypass release, extra releases to Morris and
Creek FEET Spills
Max Permit 20352 paragraphs 19A and 19B limit increases
Change - ACRE- =IF(Q16=0,MIN(R16,IF(C16="Normal",'License or decreases in bypass flows to prevent stranding of
Release to FEET S and Permits'l$D$33,'License and fish and damage to aquatic invertebrates. When the
Davis Permits'l$D$37)+S15),R16) reservoir isn't spilling, the releases to Davis Creek
Creek may be limited by these requirements.
End of Day | ACRE- _ A . .
Storage FEET T =T15+H16-116-S16 End of day storage in Centennial.
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Heading | Title Units | Column | Equation Description
. Local ACRE- _ . . .
Morris Inflow FEET \% =F16*1.983 Morris local inflow converted to acre-feet

Actual ACRE- W =S16+V16 Total release from Centennial plus local Morris inflow

Inflow FEET
=HLOOKUP(MONTH(B16),Control!$C$25:$N$28, - . .

cuaporaion | ACRE | | 4FALSEYIF(DAY(@10-31 51 EDATEB16.1)- | Hables e evavoralon e cn conbo ege tmes

P FEET B16)*VLOOKUP(AG15,'Morris Area- bedinning of month storane P
Capacity'!$C$8:$D$407,2, TRUE)/12 gihning ge.
] =IF(AND(B16>DATE(YEAR(B16),MONTH(Control . . . .
Ve |ASS| v | scsio)oav(conroisceis) aie<DATENEARL | M bl of o, T vlue cranges
9 B16),10,1)),Control!$E$19,Control!'$F$19)

Max bypass | ACRE- 7 =HLOOKUP(MONTH(B16),Control!$C$39:3N$46, | The Morris bypass requirement specified in Permit

requirement | FEET IF(C16="Normal",4,8),FALSE)*1.983 20352 for the month

Bypass i - .

Release to ACRE AA “MIN(W16,216) Mlnlmum of the to_tgl lV_Iorns |nflow or the bypass

. FEET requirement specified in Permit 20352

Davis Ck

Scheduled i =HLOOKUP(MONTH(B16),Control!$C$9:$N$12,

Delivery to AF%FEE AB MATCH($AB$1,Control'$B$11:$B$12,0)+2,FALS gﬂe‘l’gé?éﬁ‘g:”secLoeomegC“pabaesed on demand schedule

WTP E)/IF(DAY(B16)=31,31,EDATE(B16,1)-B16) pag

Spill ACRE- AC —MAX(AG15+W16-X16-AA16-AB16-Y16,0) Amount of water that is over the spillway (>max

FEET storage)
ggltiver to ACRE- AD =MAX(MIN(AG15-Control!$D$19+W16-X16- Minimum of scheduled delivery and water available in
y FEET AA16,AB16),0) Morris

WTP

Total _ |

Release to | ACRE- =MAX(MIN(AG15-Control!$D$19+W16- _ _

Davis FEET AE X16,AA16)+AC16+MAX(IF(MONTH(B16)=0OR(7,8 | Sum of bypass release from Morris and spills
,9),W16-X16-AA16-AC16-AD16,0),0),0)

Creek

Total

Release ACRE- ACRE- _ Sum of delivery to water treatment plant and releases

and FEET FeeT | “ADIG+AELE to Davis Creek

Delivery

End of Day | ACRE- _ e . .

Storage FEET AG =AG15+W16-X16-AF16 End of day storage in Morris

ACRE- _ L
Shortage FEET AH =MAX(AB16-AD16,0) Shortage in deliveries to the water treatment plant
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Figure 6-A

Year Type Lookup Table

Year Type Year Type
Calculated Calculated Apr Calculated Calculated Apr
Marl 30 Marl 30

1961 Normal Normal 1989 Normal Normal
1962 Normal Normal 1990 Drought Drought
1963 Normal Normal 1991 Normal Normal
1964 Normal Normal 1992 Normal Normal
1965 Normal Normal 1993 Normal Normal
1966 Normal Normal 1994 Normal Normal
1967 Normal Normal 1995 Normal Normal
1968 Normal Normal 1996 Normal Normal
1969 Normal Normal 1997 Normal Normal
1970 Normal Normal 1998 Normal Normal
1971 Normal Normal 1999 Normal Normal
1972 Normal Normal 2000 Normal Normal
1973 Normal Normal 2001 Normal Normal
1974 Normal Normal 2002 Normal Normal
1975 Normal Normal

1976 Drought Drought

1977 Drought Drought

1978 Normal Normal

1979 Normal Normal

1980 Normal Normal

1981 Drought Drought

1982 Normal Normal

1983 Normal Normal

1984 Normal Normal

1985 Normal Normal

1986 Normal Normal

1987 Normal Normal

1988 Normal Normal
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APPENDIX B
Development of Hydrology

This appendix describes the development of the hydrologic data that are used in the simulation
model. Estimates of reservoir inflow were developed by relating the Davis Creek watershed to
the Elder Creek watershed. Development of evaporation data is also presented in this Appendix.

Selection of similar basin

The Centennial-Morris watershed drains 5.8 square miles. The region can experience
heavy rainfall in the winter with little or no rain through the summer. The watershed has
a small spring which flows throughout the summer, providing a small amount of inflow to
Centennial reservoir.

Eureka

Elder Creek Watershed Redding

ELDER C NR BRANSCOMB CA
USGS 11475560
6.5 Sg. Mi. Drainage Area
USGS Benchmark Gage

Fort Bragg

Davis Creek Watershed
City of Willits water supply
5.8 Sq. Mi. Drainage Area

Sacramento
-
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Centennial Reservoir (from DWR Bulletin 17-93):
Mendocino County, California
Hydrologic Unit Code 18010106
Latitude 39°21'30", Longitude 123°18'42" NAD27
Crest of Dam 1,682 feet above sea level NGVD29

Morris Reservoir (from DWR Bulletin 17-93):
Mendocino County, California
Hydrologic Unit Code 18010106
Latitude 39°22'12", Longitude 123°17'54" NAD27
Crest of Dam 1,552 feet above sea level NGVD29

Branscomb Gage on Elder Creek

USGS 11475560 ELDER C NR BRANSCOMB CA
Mendocino County, California
Hydrologic Unit Code 18010106
Latitude 39°43'47", Longitude 123°38'34" NAD27
Drainage area 6.50 square miles
Gage datum 1,391.08 feet above sea level NGVD29

The USGS has compiled daily streamflow data from this gage since October 1, 1967.

Hydrologic Benchmark Network

The following abstract is from “Hydrologic Benchmark Network Stations in the U.S. 1963-95
(USGS Circular 1173)”. The full text of the report can be found at
http://ny.cf.er.usgs.gov/hbn/report.cfm

“The Hydrologic Benchmark Network was established in 1963 to provide long-term
measurements of streamflow and water quality in areas that are minimally affected by human
activities. These data were to be used to study time trends and to serve as controls for
separating natural from artificial changes in other streams. The network has consisted of as
many as 58 drainage basins in 39 States. This report describes the environmental characteristics
and water quality at 56 benchmark basins including 16 in the Eastern United States, 14 in the
Midwestern United States, 14 in the West-Central United States, and 12 in the Western United
States. The information in this report was compiled to aid in the application and interpretation of
historical water-quality data collected as part of the U.S. Geological Survey Hydrologic
Benchmark Network program.

“The site characteristics vary amount the stations in the Hydrologic Benchmark Network.
Land-use activities range from recreational use and timber harvesting on publicly owned land to
agriculture and residential development on privately owned land. The streams drain a variety of
physiographic, geologic, and ecologic settings that range from low-elevation coastal plain
environments to high-elevation alpine environments. The streamflow characteristics of the
stations are variable. Some of the sites are dominated by steady ground-water flows, and others
have snow-dominated hydrographs where a large part of the flow results from the melting of the
annual snowpack.
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“ Stream-water chemistry at most Hydrologic Benchmark Network stations appears to be
controlled by the interaction of acidic precipitation with underlying soils and bedrock. Land use
has a minimal effect on stream-water chemistry except for a few stations in the Eastern and
Midwestern regions of the United States. Temporal trends in water-quality constituents were
observed at several of the stations and were attributed either to environmental or to method-
related factors. Environmental factors that may have caused water-quality trends include
increases in residential population, trends in atmospheric deposition, agricultural activities,
landscape disturbance, and extended periods of drought. A few common trends were observed
among stations, including downward trends in sulfate and upward trends in pH at several
stations, which were attributed to changes in field instrumentation and analytical techniques
rather than environmental change.”

Development of Streamflow Regression Equations

California Department of Water Resources Centennial and Morris Inflow Data

From 1986 through 1988 (before construction of Centennial Reservoir), the California
Department of Water Resources (DWR) took flow measurements of the tributaries that
discharged into Morris Reservoir. Measurements for Davis Creek, the un-named middle tributary
and the un-named east tributary are included in Figure 1-B.

City of Willits Centennial Inflow Data

Since 1999, the City of Willits has been collecting periodic inflow data for Centennial and Morris
reservoirs. Recently, automatic recorders have been added to the weirs and data is currently
being collected every six hours. Hydrology was developed using the 2005 inflow data.

Elder Creek (Branscomb Gage) Data
Elder Creek flow records for the same dates at the DWR measurements are included in Figure
2-B

Regression Equations
Two sets of regression equations were developed:
1 - Regression of Elder Creek with Davis Creek using 27 DWR measurements:

Centennial inflow = 0.0888 x Elder Creek flow + 0.5930
Correlation coefficient (R?) = 0.8579

Total Morris and Centennial inflow = 0.1513 x Elder Creek flow + 0.3757
Correlation coefficient (R?) = 0.9163

Morris local inflow was calculated by subtracting the Centennial inflow from the Total
inflow.

Figure 3-B is a graphical representation of these regressions with the DWR
measurements.

2 - Regression of Elder Creek with Davis Creek using City of Willits 2005 measurements:

Centennial low inflow (Elder Creek flow < 3.5 cfs) = 0.017 x Elder Creek flow + 0.07
Correlation coefficient (R?) = 0.96

WY A—February 2006 B-3 City of Willits
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Centennial mid inflow (3.5 cfs < Elder Creek flow < 10 cfs) = 0.03 x Elder Creek flow +
1.07
Correlation coefficient (R?) = 0.92

Centennial high inflow (Elder Creek flow > 10 cfs) = 0.09 x Elder Creek flow + 0.98
Correlation coefficient (R?) = 0.62

When Centennial inflow is low (<2 cfs) it was assumed that Morris would have no
additional local inflow. When Centennial inflow was higher (>2 cfs) Morris additional local
inflow was assumed to be 38% of the basins inflow.

Figure 4-B, 5-B, and 6-B are graphical representations of these regressions with the City
of Willits 2005 measurements.

Estimate of Reservoir Evaporation

DWR Bulletin 73-79 was used to estimate the monthly evaporation from each reservoir. The
Fullerton Pan A coefficient was multiplied by the average pan evaporation recorded at Covello
1E, Lake Pillsbury, and Coyote Dam. Figure 7-B shows these calculations.

Inches of evaporation are converted to acre-feet in the simulation model by multiplying by the
surface area of each reservoir. Surface area was estimated using the volume of storage at the
beginning of the month and the reservoir area capacity graphs in Figure 8-B.
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Department of Water Resources

Figure 1-B

Davis Creek Streamflow Measurements

DF CALIFORNIA—-RESOURCES AGENCY
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Figure 2-B
Elder Creek Gage Data Compared with
Department of Water Resources Data

Total Inflow
(Davis Creek
+ Middle
Centennial Tributary +
Elder Creek | Inflow (Davis East
(Branscomb) | Creek) DWR Tributary
Date Gage Data DWR Data
cfs cfs cfs
4/24/1986 7 2.69 2.69
5/21/1986 6.6 1.27 1.44
6/5/1986 4.4 1.76 1.84
6/18/1986 3.4 1.37 1.41
7/9/1986 1.8 0.89 0.89
7/24/1986 1.3 0.12 0.12
8/7/1986 1 0.54 0.54
8/21/1986 0.85 0.58 0.58
9/11/1986 0.7 0.61 0.61
9/25/1986 2.5 1.03 1.03
10/10/1986 1.6 0.8 0.8
11/6/1986 4 0.52 0.52
11/21/1986 4.6 0.88 0.88
12/11/1986 5.1 0.53 0.53
12/23/1986 15 1.65 2.73
1/9/1987 25 1.87 2.88
1/22/1987 8.8 0.99 1.14
2/5/1987 57 4.41 7.25
2/18/1987 62 5.42 8.77
3/4/1987 22 1.79 2.84
3/17/1987 67 8.54 13.43
4/3/1987 19 3.03 4.01
4/13/1987 11 1.7 1.7
5/7/1987 5.7 1.07 1.07
6/5/1987 3 0.99 0.99
6/25/1987 2 0.76 0.76
7/1/1987 1.7 0.75 0.75
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Figure 3-B

Davis Creek Regression Equation
From regression of Elder Creek with Davis Creek
using 27 DWR measurements of Davis Creek
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Figure 4-B
Davis Creek Low Flow Regression Equation
From regression of Elder Creek with Davis Creek
Using City of Willits 2005 measurements
2005 Low Flow Regression (Elder Creek < 3.5 cfs)
1.4
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Figure 5-B
Davis Creek Mid Range Flow Regression Equation

From regression of Elder Creek with Davis Creek
Using City of Willits 2005 measurements

2005 Mid Flow Regression (3.5 < Elder Creek <10)
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Figure 6-B

Davis Creek High Flow Regression Equation
From regression of Elder Creek with Davis Creek
Using City of Willits 2005 measurements

2005 High Flow Regression (Elder Creek > 10)
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Figure 7-B
Estimate of Monthly Evaporation

OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL [ AUG | SEP | Total

DWR Bulletin 73-79 Pan A Coefficient
Fullerton 0.65 | 0.77 | 0.76 0.8 0.81 | 0.82 | 0.81 | 0.81 | 0.76 | 0.75 | 0.72 | 0.66 0.76

DWR Bulletin 73-79 Pan data (mm)

Covelo 1E 92 28 15 27 30 77 111 165 193 | 240 231 163 | 1372
Lake Pillsbury 87 30 22 16 36 76 117 188 211 | 265 238 176 | 1462
Coyote Dam 117 48 29 36 48 84 137 190 251 | 299 269 200 | 1708
Ave Cov-Pills-Coy 99 35 22 26 38 79 122 181 218 | 268 246 180 | 1514
Centennial/Morris (mm) 64 27 17 21 31 65 99 147 166 | 201 177 119 | 1132
Centennial/Morris (inches) 252 | 1.07 | 066 | 0.83 | 1.21 | 255 | 3.88 | 5.77 | 6.53 | 7.91 | 6.97 | 4.67 | 44.59
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Figure 8-B
Area Capacity Charts
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APPENDIX C
Model Validation

The water supply simulation model was validated by comparing the model’s predicted water
storage with historical periodic measured storage. For this comparison, a simulation was run
that used historical water treatment plant deliveries and flashboard installation dates. Because
Centennial Reservoir is a fairly new reservoir, comparison was only performed from October
1993 through September 2002 (after Centennial had filled and stabilized).

Historical Operations Data Used for Validation

City of Willits Water Treatment Plant Production Data

The City of Willits provided data on withdrawals from Morris Reservoir (“Production”) and water
delivered from the treatment plant into the City’s water system (“System”). The difference
between these values is the water used for backwashing filters that was returned to Morris
reservoir. Water treatment plant data provided is included as Figure 1-C.

For the simulation model, this data was converted from monthly to daily values and used in place
of the demand data.

Flashboard Installation Dates

DWR Division of Safety of Dams (DSOD) has approved the use of flashboards across the
spillways, which increases the storage capacity of each reservoir. On March 7, 1978, DSOD
authorized the installation of flashboards across the Morris spillway from March 16 through
October 31. And on January 5, 1990, DSOD authorized the installation of flashboards across
the Centennial spillway from April 2 through September 30.

Because the reservaoirs fill quickly during the spring runoff, available water supply is very
sensitive to the exact date of installation of the flashboards. The historical installation dates,
shown in Figure 2-C, were used to validate the simulation model’s operations.

Reservoir Storage and Lake Level Data
Figure 3-C shows historical weekly reservoir storage data provided by the City of Willits. These
data were compared with the simulated storage data to validate the model.

Comparison of Modeled and Historical Total System Storage

For validation of the simulation model, the water stored in Centennial was added to water stored
in Morris and total system storage was compared with historical storage data. Comparison of
these values is shown graphically in Figure 4-C and Figure 5-C. Overall, the model does a good
job of predicting system operations and water supply both with the DWR inflow series and with
the City of Willits inflow series.

The DWR inflow series was based on measurements taken from 1986 — 1988. This was a fairly
dry period with annual precipitation slightly below average. The City of Willits inflow series was
based on measurements taken in 2005. 2005 was fairly wet with annual precipitation somewhat
higher than average. The summer periods for the City of Willits validation shows the reservoirs
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being drawn down faster than predicted. It is possible that the regression predicts higher inflow
than actually occurs during dry periods.

The filling of Centennial and Morris Reservoirs is sensitive to the exact timing of storm runoff and
exact installation date of the flashboards in the spring. In many years the Reservoirs will spill
before the flashboards are installed, giving the graphs the stepped rise in the spring. If a storm’s
runoff estimated by the model is a few days different than historical, or if the modeled
flashboards installation is a few days different than historical, there can be significant differences
in predicted and actual water stored during the spring. This extra water could cause validation
differences in the spring, through the summer, and possibly into the following year.

Differences in validation could also be due to historic surcharging of the reservoirs. Reservoirs
often hold more water than their capacity for a short period during storms events or periods of
high runoff. The model does not allow the reservoirs to overfill, and so does not predict the
capture of the extra surcharged water.

In 1998 and in 2000, the model does not capture as much runoff in the spring as was historically
captured. In 1998, the reservoirs were spilling and the surcharge effect increased the historical
storage above the modeled storage. This extra water would make a difference throughout the
summer. In 2000, the reservoirs were spilling on the flashboard installation date. The surcharge
effect, timing of storm and flashboard installation date have all reduced the modeled storage.
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Figure 1-C

Water Treatment Plant Production Data

Production Sales System Production Sales System
Month (mg) (mg) (mg) Month (mg) (mg) (mg)
Jan-90 24.52 18.60 21.21 Sep-93 35.90 30.15 43.03
Feb-90 20.75 20.32 21.16 Oct-93 28.60 28.13 35.85
Mar-90 27.09 17.91 25.87 Nov-93 25.29 18.55 33.88
Apr-90 27.72 18.62 27.87 Dec-93 26.71 19.38 30.00
May-90 30.66 25.28 31.00 Jan-94 33.78 18.42 26.02
Jun-90 39.00 26.74 31.60 Feb-94 33.26 25.68 23.15
Jul-90 49.18 28.54 44.50 Mar-94 41.66 17.98 30.46
Aug-90 52.45 36.59 43.71 Apr-94 39.89 20.35 28.58
Sep-90 30.63 32.42 31.75 May-94 38.27 18.80 32.00
Oct-90 29.83 23.33 29.52 Jun-94 44.96 40.15
Nov-90 21.36 23.78 23.30 Jul-94 50.68 34.12 48.44
Dec-90 30.70 19.09 30.75 Aug-94 54.24 34.71 46.67
Jan-91 29.46 16.95 24.68 Sep-94 49.51 31.91 42.24
Feb-91 23.09 19.07 18.46 Oct-94 46.48 26.60 38.16
Mar-91 29.26 16.95 21.11 Nov-94 33.93 21.45 27.48
Apr-91 23.84 16.67 21.10 Dec-94 29.64 18.39 27.68
May-91 26.37 19.65 24.31 Jan-95 34.08 20.66 28.64
Jun-91 43.09 27.10 33.30 Feb-95 35.17 13.51 24.75
Jul-91 38.64 28.20 38.57 Mar-95 41.14 16.97 27.01
Aug-91 38.70 35.59 36.80 Apr-95 30.91 16.48 26.57
Sep-91 38.86 31.45 35.35 May-95 33.01 18.29 29.00
Oct-91 33.57 31.58 28.37 Jun-95 39.56 23.60 35.71
Nov-91 25.02 23.93 23.22 Jul-95 39.36 28.80 41.25
Dec-91 20.10 17.10 21.48 Aug-95 39.93 36.12 43.86
Jan-92 26.36 18.51 21.95 Sep-95 36.17 31.01 37.07
Feb-92 24.48 15.05 19.20 Oct-95 33.33 26.36 33.00
Mar-92 19.53 14.84 21.20 Nov-95 29.82 21.10 27.88
Apr-92 18.01 18.21 21.40 Dec-95 34.75 20.12 25.75
May-92 24.56 21.26 29.60 Jan-96 33.07 20.59 25.70
Jun-92 41.00 27.18 34.52 Feb-96 33.31 15.14 25.80
Jul-92 43.46 30.01 36.33 Mar-96 37.70 19.31 29.69
Aug-92 48.61 33.66 38.84 Apr-96 31.70 18.72 28.15
Sep-92 38.41 28.41 32.14 May-96 32.36 19.14 29.66
Oct-92 33.98 24.64 28.07 Jun-96 39.96 25.77 38.59
Nov-92 27.20 21.81 24.15 Jul-96 45.54 31.42 49.33
Dec-92 30.61 16.40 25.42 Aug-96 49.38 38.67 49.39
Jan-93 23.90 17.96 31.99 Sep-96 38.54 38.97 41.00
Feb-93 21.49 14.10 28.30 Oct-96 33.07 32.00 34.10
Mar-93 23.46 16.29 28.62 Nov-96 29.02 19.03 28.03
Apr-93 24.11 19.96 28.26 Dec-96 28.80 17.51 28.05
May-93 24.95 18.94 32.03 Jan-97 35.32 20.16 31.04
Jun-93 29.50 19.36 31.29 Feb-97 34.19 16.63 28.58
Jul-93 39.41 39.33 42.76 Mar-97 38.56 16.86 32.40
Aug-93 40.54 31.28 43.93 Apr-97 39.11 18.89 33.65
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Production Sales System Production Sales System
Month (mg) (mg) (mg) Month (mg) (mg) (mg)
May-97 44.96 23.47 39.28 Apr-01 32.45 19.08 28.65
Jun-97 47.01 24.90 39.79 May-01 46.49 20.94 42.44
Jul-97 48.34 30.16 48.72 Jun-01 48.35 37.13 47.28
Aug-97 42.15 35.70 46.36 Jul-01 50.48 30.44 51.95
Sep-97 35.55 31.11 36.51 Aug-01 47.43 35.67 50.46
Oct-97 33.44 21.25 35.11 Sep-01 43.42 34.13 45.10
Nov-97 36.84 18.25 34.17 Oct-01 42.63 24.71 40.52
Dec-97 43.38 21.25 38.81 Nov-01 34.67 22.58 31.08
Jan-98 45.76 18.98 39.64 Dec-01 31.62 19.56 29.49
Feb-98 43.18 16.77 37.71 Jan-02 32.29 19.18 26.29
Mar-98 48.72 15.69 40.92 Feb-02 28.28 21.91 26.76
Apr-98 46.74 18.81 39.87 Mar-02 29.00 16.11 28.40
May-98 47.49 18.43 41.85 Apr-02 30.43 18.28 29.57
Jun-98 57.85 21.61 47.03 May-02 42.23 20.53 36.94
Jul-98 65.80 29.99 60.49 Jun-02 50.01 28.59 44.56
Aug-98 66.56 37.68 61.76 Jul-02 50.91 33.26 53.86
Sep-98 57.52 36.53 53.33 Aug-02 52.40 38.13 50.74
Oct-98 45.65 27.14 40.24 Sep-02 46.90 32.68 43.00
Nov-98 36.53 19.83 32.69 Oct-02 40.59 27.39 37.40
Dec-98 40.89 18.63 36.07 Nov-02 32.57 22.65 28.27
Jan-99 40.10 21.57 33.09 Dec-02 35.53 19.32 25.44
Feb-99 35.68 18.51 27.45 Jan-03 35.80 16.83 24.11
Mar-99 41.98 16.13 32.87 Feb-03 31.59 15.83 22.99
Apr-99 31.40 19.46 31.25 Mar-03 37.44 15.75 26.33
May-99 37.29 20.91 41.95 Apr-03 37.29 18.23 26.38
Jun-99 46.17 29.55 50.69 May-03 46.74 17.20 29.86
Jul-99 51.06 35.62 55.91 Jun-03 53.35 26.17 46.42
Aug-99 45.66 35.79 50.69 Jul-03 54.43 37.00 52.69
Sep-99 39.35 36.66 48.47 Aug-03 51.17 34.83 47.49
Oct-99 40.09 32.41 4741
Nov-99 25.04 22.19 32.10
Dec-99 23.69 18.41 32.20
Jan-00 30.00 20.64 32.26
Feb-00 27.34 22.57 28.57
Mar-00 39.10 20.68 32.38
Apr-00 37.61 21.14 34.44
May-00 44.05 22.87 44.04
Jun-00 52.34 29.02 53.70
Jul-00 49.59 31.67 56.16
Aug-00 45.67 40.17 54.29
Sep-00 37.28 33.21 41.12
Oct-00 31.93 27.44 34.67
Nov-00 26.09 22.08 30.10
Dec-00 25.40 19.22 30.69
Jan-01 30.43 20.92 30.50
Feb-01 25.57 18.45 26.67
Mar-01 36.73 17.63 39.69
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Figure 2-C

Historical Flashboard Installation Dates

MORRIS AND CENTENNIAL DAM BOARDS INSTALLATION DATES
YEAR CENTENNIAL MORRIS
2004 1-Apr 24-Mar
2003 1-Apr 14-Mar
2002 3-Apr 15-Mar
2001 29-Mar 15-Mar
2000 31-Mar 16-Mar
1999 7-Apr 29-Mar
1998 10-Apr 17-Mar
1997 4-Apr 19-Mar
1996 3-Apr 21-Mar
1995 13-Apr 20-Mar
1994 1-Apr 17-Mar
1993 13-Apr 29-Mar
1992 17-Apr 31-Mar
1991 1-Mar 25-Mar
1990 30-Mar 16-Mar
1989 N/A 1-Mar
1988 N/A 16-Mar
1987 N/A N/A
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Historical Lake Storage Levels

Figure 3-C

Date Morris Board/l.O. Centennial Board/l.O Date Morris Board/l.O. Centennial
(acre- (acre-
feet) (acre-feet) feet) (acre-feet)
1/23/99 575 o} 512 0 10/23/99 535 o} 275
2/6/99 575 o} 512 o} 11/4/04 532 o} 268
2/20/99 575 o} 512 0 11/6/99 529 o} 193
2/27/99 575 o} 512 0 11/13/99 546 o} 294
3/6/99 575 o} 512 o} 11/20/99 542 o} 318
3/13/99 575 o} 512 0 11/26/99 539 o} 340
3/20/99 575 o} 512 0 12/4/99 571 o} 384
4/1/99 575 o} 502.1 o} 12/11/99 575 o} 455
4/3/99 575 o} 492.2 o} 12/18/99 575 o} 448
4/4/99 575 o} 482.3 o} 12/24/99 560 o} 456
4/6/99 575 o} 496.1 o} 12/31/99 542 o} 458
4/7/99 575 o} 608.2 i 1/1/00 542 o} 458
4/10/99 575 o} 635 i 1/8/00 529 o} 465
4/17/99 575 o} 635 i 1/16/00 590 o} 536
4/29/99 575 i 635 i 1/22/00 582 o} 552
5/1/99 672 i 635 i 1/29/00 578 o} 528
5/8/99 640 i 635 i 2/5/00 590 o} 560
5/15/99 621 i 635 i 2/12/00 590 o} 532
5/22/99 621 i 635 i 2/20/00 582 o} 528
5/29/99 617 i 635 i 2/26/00 590 o} 540
6/5/99 613 i 635 i 3/4/00 590 o} 540
6/12/99 601 i 635 i 3/11/00 586 o} 540
6/15/99 590 i 635 i 3/18/00 609 i 526
6/19/99 575 i 635 i 3/25/00 645 i 526
6/23/99 575 o} 635 i 4/1/00 650 i 429
6/26/99 575 o} 635 i 4/8/00 609 i 500
716/99 546 o} 635 i 4/15/00 590 i 558
717199 549 o} 613 i 4/22/00 663 i 622
7/10/99 549 o} 613 i 4/29/00 637 i 655
7/17/99 553 o} 613 i 5/6/00 629 i 645
7124/99 553 o} 572 i 5/20/00 654 i 655
7/31/99 553 o} 548 i 5/28/00 625 i 645
8/7/99 553 o} 504.1 i 6/10/00 597 i 645
8/14/99 553 o} 484.2 i 6/17/00 578 o} 645
8/21/99 553 o} 467.1 i 7/1/00 549 o} 627
8/28/99 553 o} 458.3 i 7/8/00 557 o} 622.5
9/1/99 553 o} 455 i 7/14/00 525 o} 625
9/4/99 557 o} 4525 o} 7122/00 564 o} 548
9/18/99 557 o} 370.3 o 7129/00 549 o} 538
9/25/99 557 o} 336 0 8/19/00 539 o 408
10/2/99 557 o} 302 o} 8/27/00 564 o} 405.9
10/16/99 557 o} 288 o} 9/2/00 514 o} 401.1
10/16/99 549 o} 280 o} 9/9/00 529 o} 377.4
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Date Morris Board/l.O. Centennial Board/l.O Date Morris Board/l.O. Centennial
(acre- (acre-
feet) (acre-feet) feet) (acre-feet)

9/23/00 546 o} 298.3 o] 8/25/01 529 168.9
10/7/00 529 o} 270.2 o] 9/1/01 539 121.3
10/21/00 525 o} 225.5 o] 9/8/01 529 121.3
11/4/00 546 o} 255.6 o] 9/15/01 493 102
11/18/00 549 o} 250.8 o] 9/19/01 486 108
11/26/00 549 o} 268.5 o} 9/22/01 472 96
12/2/00 567 o} 255.6 o] 9/28/01 110
12/9/00 567 o} 266.9 o] 9/29/01 452 116
12/16/00 578 o} 268.5 o] 9/30/01 441

1/13/01 578 o} 389.3 o] 10/2/01 431 104.7
1/27/01 578 o} 467.1 o] 10/7/01 414 104.7

2/3/01 578 o} 504.1 o] 10/13/01 424 90
2/18/01 586 o} 536.3 o] 10/20/01 428 104
2/24/01 590 o} 560.1 o] 10/27/01 356 104.7
3/11/01 578 i 560.1 o] 11/3/01 338 121.3
3/16/01 590 i o] 11/10/01 323 121.3
3/24/01 629 i o] 11/13/01 323 148.6
3/31/01 629 i 484.2 i 11/14/01 323 153.7

4/7/01 609 i 504.1 i 11/16/01 323 160.2
4/11/01 601 i i 11/17/01 326 160.2
4/15/01 590 i 538.5 i 11/18/01 335 155
4/17/01 11/19/01 338 148.6
4/21/01 590 544.2 11/20/01 344 136.3
4/28/01 582 564.1 11/21/01 353 131.3

5/6/01 567 570 11/22/01 472 208.4
5/12/01 553 11/24/01 529 271.8
5/17/01 539 579.9 11/23/01 574 300.5
5/19/01 532 12/9/01 570 538.3
5/23/01 518 579.9 12/15/01 586 544.2
5/26/01 525 568 12/25/01 582 542.3

6/2/01 518 556.1 12/29/01 582 544.2

6/9/01 525 542.1 1/5/02 582 o} 544.2
6/17/01 536 482.3 1/20/02 574 o} 536.3
6/23/01 536 456.9 1/26/02 582 o} 542.3
6/26/01 536 4452 2/2/02 574 o} 538.3
6/30/01 542 445.2 2/10/02 582 o} 544.2

7/2/01 539 2/15/02 578 o}

7/4/01 539 2/17/02 578 o} 536.3

7/8/01 536 2/24/02 582 o} 538.3
7/14/01 529 389.3 3/1/02 578 o}

7122/01 521 330 3/3/02 575 o} 536.3
7/127/01 529 3/9/02 578 o} 538.3
7/28/01 3/13/02 578 o} 538.3

8/4/01 542 254 3/17/02 601 i 536.3
8/11/01 535 3/24/02 650 i 536.3
8/19/01 518 208.4 3/29/02 i 504.1
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Date Morris Board/l.O. Centennial Board/l.O Date Morris Board/l.O. Centennial
(acre- (acre-
feet) (acre-feet) feet) (acre-feet)
4/6/02 650 i 536.3 i 2/16/03 654 o} 546.2
4/12/02 650 i 542.3 i 2/22/03 579 o} 546.2
4/13/02 648 i 546.2 i 3/2/03 578 o} 542.3
4/20/02 633 i 570 i 3/9/03 557 o} 566
4/27/02 621 i 593.9 i 3/15/03 641 i 566
5/4/02 613 i 605.8 i 3/29/03 676 i 482.3
5/11/02 600 i 617.7 i 4/5/03 676 i 546.2
5/18/02 579 i 624.9 i 4/12/03 676 i 576
5/26/02 570 i 645.5 i 4/19/03 676 i 647.9
6/1/02 564 i 647.9 i 4/26/03 676 i 659.9
6/8/02 546 i 645.5 i 5/3/03 676 i 647.9
6/16/02 532 i 643.1 i 5/12/03 676 i 647.9
6/22/02 518 i 629.6 i 5/19/03 676 i 647.9
6/27/02 49.4 i 629.6 i 5/26/03 672 i 647.9
6/29/02 497 i 624.9 i 6/2/03 667 i 647.9
716/02 501 i 596.3 i 6/8/03 667 i 645.5
7/13/02 514 o} 566 i 6/15/03 667 i 645.5
7/20/02 518 o} 536.3 i 6/22/03 654 i 645.5
7128102 542 o} 465.6 i 6/29/03 633 i 645.5
8/4/02 546 o} 451 i 7/6/03 593 i 645.5
8/10/02 546 o} 398.8 i 7/13/03 564 o} 645.5
8/15/02 539 o} 375 0 7/20/03 553 o} 627.2
8/17/02 529 o} 372.6 o] 7127103 553 o} 584.4
8/24/02 497 o} 372.6 o] 8/3/03 553 o} 558.1
8/31/02 479 o} 367.9 o] 8/10/03 553 o} 448.8
9/7/02 452 o} 363.1 o} 8/17/03 557 o} 448.8
9/15/02 414 o} 353.6 o] 8/24/03 553 o} 448.8
9/22/02 391 o} 353.6 o] 8/30/03 546 o} 448.8
9/28/02 375 o} 348 o] 9/3/03 542 o} 372.6
10/6/02 435 o} 263.7 o]
10/13/02 441 o} 222 0
10/26/02 416 o} 2135 o]
11/3/02 414 o} 209.4
11/9/02 418 o} 230.6
11/17/02 416 o} 223.8
11/28/02 418 o} 223.8
12/7/02 401 o} 222
12/16/02 654 o} 218.6
12/22/02 654 o} 542.3
12/28/02 654 o} 546.2
1/4/03 654 o} 546.2 o]
1/11/03 654 o} 546.2 o}
1/18/03 579 o} 537.3 o]
1/25/03 579 o} 537.3 o]
2/1/03 579 o} 537.3 o]
2/8/03 571 o} 464.2 o]
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Figure 4-C

Morris Plus Centennial End of Month Storage
Inflow based on regression with DWR measurements
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Figure 5-C

Morris Plus Centennial End of Month Storage
Inflow based on City of Willits 2005 data
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APPENDIX D

Detailed Model Results



APPENDIX D
Detailed model results

Current Level of Demand with DWR Inflow

Table 1-D Current Annual Operations Summary - Calendar Year

max 3508 102 3409 512 5687 46 1099 4542 628 651
ave 1913 83 1820 276 2975 36 1018 1913 348 81
Centennial Morris
End of Net Release to End of
Dec Deliveryto  Davis Dec Delivery

Year | Inflow Evap Release Storage Inflow Evap WTP Creek Storage Shortage
1968 1889 82 1428 512 2565 | 37 1099 1262 292
1969 2405 93 2391 432 3892 | 43 1099 2605 437
1970 | 2886 83 2723 512 4563 | 38 1099 3235 628
1971 1895 95 2118 194 3260 | 44 1099 2359 385
1972 1839 92 1585 356 2687 | 43 1099 1550 381
1973 2940 93 2691 512 4569 | 42 1099 3180 628
1974 | 2548 94 2875 91 4477 | 44 1099 3612 350
1975 2185 94 2012 170 3359 | 44 1099 2185 380
1976 920 85 955 51 1410 | 32 1099 421 238
1977 896 23 469 455 908 12 449 433 252 651
1978 2023 95 2334 49 3567 | 44 1099 2286 389
1979 1683 90 1269 373 2262 | 40 1099 1168 344
1980 1576 92 1763 94 2680 | 43 1099 1588 294
1981 2056 84 1554 512 2809 | 31 1099 1345 628
1982 2440 96 2344 512 3870 | 44 1099 2726 628
1983 3508 99 3409 512 5687 | 46 1099 4542 628
1984 1688 97 1591 512 2586 | 45 1099 1601 469
1985 926 84 1302 53 1763 | 33 1084 1016 100 16
1986 2012 87 1911 66 3135 | 41 1069 1893 233 30
1987 1641 78 1181 448 2145 | 25 978 1107 268 122
1988 1062 71 1360 79 1916 | 20 888 1088 189 211
1989 1299 82 1247 49 1970 | 35 1099 869 155
1990 1099 55 1040 54 1623 | 28 1099 528 122
1991 858 47 819 46 1231 18 606 629 100 493
1992 1122 40 956 171 1554 16 579 888 172 520
1993 2051 102 1813 307 3065 | 45 1099 1710 382
1994 892 73 1068 58 1504 | 21 834 931 100 265
1995 3111 98 2678 394 4676 | 45 1091 3144 495 8
1996 3485 99 3268 512 5529 | 45 1099 4251 628
1997 1885 87 2119 190 3254 | 40 1099 2547 196
1998 3069 100 2702 457 4671 | 45 1099 3267 455
1999 1950 94 2219 94 3400 | 43 1099 2373 339
2000 1648 85 1603 54 2571 | 39 1099 1612 159
2001 1570 43 1068 512 1982 16 661 1083 381 439
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Future Level of Demand with DWR Inflow

Table 2-D Future Annual Operations Summary - Calendar Year

706\04-04-02

max 3508 97 3412 512 5689 43 1649 3804 628 1299
ave 1913 72 1828 229 2983 28 1258 1690 226 391
Centennial Morris
End of Net Release to End of
Dec Deliveryto  Davis Dec Delivery

Year | Inflow Evap Release Storage Inflow Evap WTP Creek Storage Shortage
1968 1889 71 1421 452 2559 23 1180 1192 263 469
1969 2405 88 2431 337 3931 35 1481 2425 254 168
1970 2886 77 2634 512 4474 30 1386 2684 628 263
1971 1895 93 2254 60 3396 38 1574 2305 108 75
1972 1839 82 1576 241 2678 32 1376 1197 180 273
1973 2940 87 2582 512 4460 34 1597 2381 628 52
1974 2548 92 2913 55 4515 37 1497 3506 103 153
1975 2185 92 2094 54 3441 37 1598 1809 100 51
1976 920 48 882 45 1337 16 862 459 100 787
1977 896 23 488 430 927 11 350 442 223 1299
1978 2023 92 2312 49 3544 36 1483 2148 100 166
1979 1683 67 1543 121 2537 20 1318 1180 118 331
1980 1576 85 1554 58 2471 33 1414 1042 100 235
1981 2056 58 1544 512 2800 17 1180 1075 628 469
1982 2440 94 2346 512 3872 38 1649 2381 432
1983 3508 96 3412 512 5689 | 40 1649 3804 628
1984 1688 95 1703 401 2699 38 1649 1471 169
1985 926 47 1224 56 1685 15 881 858 100 768
1986 2012 82 1928 58 3152 33 1313 1807 100 336
1987 1641 51 1200 448 2164 16 967 1058 223 682
1988 1062 52 1359 99 1915 16 967 1042 114 682
1989 1299 68 1282 48 2005 21 1157 840 100 493
1990 1099 26 1068 54 1651 19 1091 541 100 558
1991 858 40 830 41 1242 15 622 605 100 1027
1992 1122 35 957 171 1555 14 629 873 140 1020
1993 2051 97 2028 97 3280 | 43 1649 1514 214
1994 892 29 901 58 1337 13 577 860 100 1072
1995 3111 95 2812 263 4810 | 40 1637 3020 213 12
1996 3485 96 3140 512 5401 | 40 1649 3296 628
1997 1885 80 2264 53 3399 30 1339 2558 100 310
1998 3069 95 2691 335 4660 | 41 1640 2935 145 9
1999 1950 92 2142 52 3323 36 1480 1852 100 169
2000 1648 78 1569 53 2537 31 1258 1249 100 391
2001 1570 37 1073 512 1987 14 678 1063 332 971
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Current Level of Demand with City of Willits Inflow

Table 3-D Current Annual Operations Summary - Calendar Year

706\04-04-02

max 3960 104 3861 512 5728 46 1099 4583 628 284
ave 2332 90 2233 342 3137 40 1078 2012 406 122
Centennial Morris
Net
Delivery
End of into Water Releaseto End of
Dec Distribution  Davis Dec Delivery

Year | Inflow Evap Release Storage Infow Evap  System Creek Storage Shortage
1968 2384 89 1978 512 2865 41 1099 1254 607
1969 2790 94 2720 488 3923 44 1099 2886 500
1970 3315 84 3207 512 4699 40 1099 3432 628
1971 2417 97 2528 304 3419 45 1099 2507 396
1972 2288 94 1986 512 2842 44 1099 1660 435
1973 3407 94 3314 512 4837 43 1099 3502 628
1974 2977 96 3173 221 4457 45 1099 3550 390
1975 2581 97 2407 298 3470 45 1099 2315 400
1976 1336 96 1233 305 1533 43 1099 391 399
1977 1264 61 997 512 1286 18 1040 385 242 59
1978 2398 97 2694 119 3678 45 1099 2376 399
1979 2189 97 1699 512 2492 45 1099 1303 445
1980 1939 94 2216 141 2918 44 1099 1835 384
1981 2488 89 2028 512 3032 43 1099 1646 628
1982 2854 97 2757 512 3990 45 1099 2845 628
1983 3960 100 3861 512 5728 46 1099 4583 628
1984 2100 99 2001 512 2785 45 1099 1737 532
1985 1345 86 1530 241 1832 39 1099 1014 212
1986 2435 90 2457 129 3404 42 1099 2141 333
1987 2061 84 1594 512 2349 36 1099 1220 327
1988 1426 81 1724 133 2105 26 1054 1165 187 45
1989 1703 88 1683 66 2205 41 1099 861 389
1990 1479 85 1229 230 1627 38 1099 477 402
1991 1248 85 1317 76 1576 35 1099 672 172
1992 1549 58 1347 220 1772 17 816 963 148 284
1993 2449 104 2199 366 3205 45 1099 1828 381
1994 1242 82 1472 55 1726 25 985 996 100 114
1995 3519 99 2978 497 4612 45 1091 3118 458 8
1996 3911 99 3796 512 5661 46 1099 4346 628
1997 2265 89 2436 251 3313 42 1099 2491 309
1998 3497 101 3135 512 4736 46 1099 3464 436
1999 2431 95 2613 234 3536 44 1099 2424 404
2000 2035 85 2110 73 2832 41 1099 1850 245
2001 2016 65 1512 512 2207 17 879 1161 395 220
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Future Level of Demand with City of Willits Inflow

Table 4-D Future Annual Operations Summary - Calendar Year

706\04-04-02

max 3960 98 3864 512 5731 44 1649 3955 628 1157
ave 2332 76 2243 252 3146 29 1359 1751 233 379
Centennial Morris
Net
Delivery
End of into Water Releaseto End of
Dec Distribution  Davis Dec Delivery

Year | Inflow Evap Release Storage Infow Evap  System Creek Storage Shortage
1968 2384 76 1881 481 2768 24 1301 1307 239 348
1969 2790 91 2825 356 4028 37 1584 2415 231 65
1970 3315 80 3079 512 4571 30 1475 2669 628 174
1971 2417 94 2691 144 3582 39 1649 2384 138
1972 2288 89 2043 300 2899 35 1649 1181 171
1973 3407 90 3106 512 4630 36 1649 2489 628
1974 2977 93 3341 56 4624 38 1607 3504 104 42
1975 2581 93 2429 115 3492 38 1638 1751 168 11
1976 1336 63 1334 53 1634 17 1225 461 100 424
1977 1264 21 825 471 1114 11 492 492 218 1157
1978 2398 93 2725 51 3709 39 1602 2186 100 47
1979 2189 78 1978 184 2770 22 1491 1230 128 158
1980 1939 89 1978 55 2680 35 1532 1141 100 117
1981 2488 65 1966 512 2970 17 1358 1067 628 291
1982 2854 95 2760 512 3992 39 1649 2390 542
1983 3960 96 3864 512 5731 41 1649 3955 628
1984 2100 96 2004 512 2788 40 1649 1586 142
1985 1345 63 1736 57 2038 16 1059 1004 100 590
1986 2435 85 2346 62 3293 34 1410 1849 100 239
1987 2061 56 1580 487 2335 16 1063 1160 196 586
1988 1426 56 1723 133 2105 16 1026 1129 129 623
1989 1703 81 1699 57 2221 26 1351 873 100 298
1990 1479 44 1439 53 1838 21 1275 541 100 374
1991 1248 42 1206 52 1465 15 687 763 100 963
1992 1549 35 1369 197 1794 14 697 1039 143 952
1993 2449 98 2428 120 3434 44 1649 1604 281
1994 1242 39 1268 55 1522 14 752 937 100 897
1995 3519 95 3117 363 4750 41 1636 2972 202 13
1996 3911 97 3665 512 5529 41 1649 3413 628
1997 2265 84 2637 56 3514 31 1428 2582 100 221
1998 3497 96 3042 414 4644 42 1643 2852 207 6
1999 2431 93 2695 58 3617 37 1638 2049 100 11
2000 2035 80 1958 54 2679 31 1321 1327 100 328
2001 2016 38 1520 512 2216 14 727 1236 338 922
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Cost Estimates



The intention of estimating costs in the Water Supply Planning Study is to provide reasonably
accurate cost estimates for comparison of alternatives, not to anticipate every possible contingency.
The capital cost estimates herein, particularly for the dams, are not sufficient to budget the design
and construction phases because the scope definition is preliminary, and the necessary equipment,
construction materials and labor are subject to price volatility and influenced by economic
conditions and competition. If the City chooses to expand Morris Reservoir or develop a
supplemental surface water supply, a more detailed study of sub-alternatives and costs is
recommended to develop a basis for decision making and design.

While the groundwater supply alternative is less complex, updating the cost estimate is advisable
during design of each phase of the groundwater supply project.

Table E-1. Estimated Cost of Expanding Morris Reservoir

Component Estimated Cost, dollars®

Concrete dam (assumed dimensions: 100-foot 6,400,000
height and 500-foot length at crest)
Spillway and fish ladder 1,800,000
Fish screen, pump station, and pipeline 600,000
Water treatment plant expansion 4,400,000

Subtotal 13,200,000
Construction contingency (25 percent) 3,300,000

Subtotal 16,500,000
Engineering and project administration 2,500,000
(15 percent)
Environmental documentation and permits 800,000
Land purchase® 0

Total 19,800,000
Round-off $20 million

@ Based on ENR Construction Cost Index of 7518 (September 2005)

®) Assuming current land owned by City is adequate
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Table E-2. Estimated Cost of Supplemental Surface Water Supply®

Component Estimated Cost, dollars®

Concrete dam (assumed dimensions: 60 feet 2,600,000
high by 200 feet long)
Spillway and fish ladder 800,000
Fish screen, pump station, and pipeline 600,000
Water treatment plant 4,400,000
Pipeline (assumed 4 miles @ $100/lineal foot) 2,100,000

Subtotal 10,500,000
Construction contingency (25 percent) 2,625,000

Subtotal 13,125,000
Engineering and project administration 1,970,000
(15 percent)
Environmental documentation and permits 800,000
Land (60 acres including buffer @ 1,800,000
$30,000/acre)

Total 17,695,000
Round-off $18 million

@ Assuming another dam in separate watershed of Little Lake Valley
®) Based on ENR Construction Cost Index of 7518 (September 2005)
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Table E-3. Estimated Cost of Groundwater Supply — Phase 1

Component Estimated Cost, dollars®

Wells No. 1 and No. 2 (develop and 780,000
equip)
Groundwater treatment plant 1,250,000
Pipelines from Wells No. 1 and No. 2 to 188,000
centralized plant (2,500 LF @ $75/LF)
Pipeline from plant to distribution system 60,000
(500 LF @ $120/LF)

Subtotal 2,278,000
Construction contingency (25 percent) 570,000

Subtotal 2,848,000
Engineering and project administration 427,000
(15 percent)
Environmental documentation and permits 120,000
Land purchase® 0

Total 3,395,000
Round-off $3.4 million

@ Based on ENR Construction Cost Index of 7518 (September 2005)
®) Assuming use of City property (Figure 5-2)
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Table E-4. Estimated Cost of Groundwater Supply — Phase 2

Component Estimated Cost, dollars®

Well No. 3 (develop and equip) 390,000
Groundwater treatment plant expansion 750,000
Pipeline from Well No. 3 to centralized plant 75,000
(1,000 LF @ $75/LF)

Subtotal 1,215,000
Construction contingency (25 percent) 304,000

Subtotal 1,519,000
Engineering and project administration 228,000
(15 percent)
Land (0.5 acres including buffer @ 15,000
$30,000/acre)

Total 1,762,000
Round-off $1.8 million

@ Based on ENR Construction Cost Index of 7518 (September 2005)

Table E-5. Estimated Cost of Groundwater Supply — Phase 3

Component Estimated Cost, dollars®

Well No. 4 (develop and equip) 390,000
Groundwater treatment plant expansion 750,000
Pipeline from Well No. 4 to centralized plant 75,000
(1,000 LF @ $75/LF)

Subtotal 1,215,000
Construction contingency (25 percent) 304,000

Subtotal 1,519,000
Engineering and project administration 228,000
(15 percent)
Land (0.5 acres including buffer @ 15,000
$30,000/acre)

Total 1,762,000
Round-off $1.8 million
@ Based on ENR Construction Cost Index of 7518 (September 2005)
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