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Project Location 

The University District Specific Plan (Specific Plan) area is located in the City of 

Rohnert Park (City) in Sonoma County (Figure 1).  The Specific Plan area is 

contiguous to the City’s easterly boundaries, north of Sonoma State University 

(SSU), and within the City’s LAFCO approved Sphere of Influence (Figure 2).  The 

Specific Plan encompasses approximately 297 acres located on each side of 

Hinebaugh Creek, east of the current City limits, south of Keiser Avenue, west of 

Petaluma Hill Road, and north of Copeland Creek. 

Project Objectives 

The purpose of the Specific Plan is to provide a greater level of detail than what is 

provided in the City of Rohnert Park General Plan to guide the development of a 

mixed-use pedestrian oriented community to the east of the current city boundary.  

This development will provide diverse residential opportunities as well as a 

commercial center to accommodate the needs of new and existing neighborhoods; 

SSU students, faculty, and staff; and patrons of the City’s Community Center and 

the future Green Music Center.  The objectives of the Specific Plan are to: 

protect and enhance the existing creek habitat by providing wide creek buffers, 

adding native landscaping to the creeks, improving existing drainage conditions, 

and treating development water quality; 

provide improved park facilities and a plaza within the Specific Plan boundary, 

as well as both onsite and offsite open space to satisfy resources agencies’ 

mitigation requirements; 

provide significant public trails for pedestrian and bicycle connections to 

educational and cultural facilities and existing neighborhoods; and 

provide a full range of residential types that achieve housing diversity for 

individuals and families across a broad range of socioeconomic backgrounds by 

providing 15% of its housing units as affordable units. 

Project Description 

Land Use 

Figure 3 shows the proposed land use designations for the Specific Plan.  The plan 

area includes 25 estate units, which consist of detached single-family dwellings with 

second dwelling units on 15,000 square foot minimum lots.  These occur exclusively 

in the Vast Oaks property along with low density housing designations.  There 

would be 315 low density residential units, consisting of single-family units on 

4,500 square foot minimum lots.  The Specific Plan also calls for 540 medium 



  6 7 5 0  Co mme r c e  B o u l ev a rd   R o h n e r t  P a rk ,  C A   9 4 9 2 8 - 2 4 8 6   (70 7 )  588 - 223 6   Fax  (7 07 )  5 88 -2 238   w w w . r p c i t y .o r g  

density units, consisting of single family detached, clustered housing, and alley-

loaded housing on lots up to a maximum of 5,500 square feet. Attached housing 

could also be developed under this designation.  Second dwelling units would be 

allowed on the low- and medium-density lots and would provide for some of the 

projected affordable housing need.  These units would occur mainly in the Vast 

Oaks property with one fourth of the units in the Brookfield Homes property.  The 

plan area also designates 630 high density units, including stacked-flats, carriage 

units, condominiums, townhouses, apartments, and planned unit developments.  The 

project site will also include 100 mixed-use units, which include mixed residential 

and commercial uses located primarily around the commercial center and plaza.  The 

total square footage proposed for commercial uses is a maximum of 250,000 square 

feet.

Infrastructure and Phasing 

Construction of offsite and onsite infrastructure improvements will be necessary as 

part of the development of the Specific Plan.  These infrastructure improvements are 

discussed below. 

In order to comply with the City’s General Plan, there must be concurrency between 

the demand for public facilities and infrastructure and its construction as part of the 

property development.  The Specific Plan includes development programs for public 

facilities and infrastructure, and the development agreements between the City and 

the property owners will assure such concurrency. 

Transportation and Circulation Infrastructure 

Street Patterns 

Figure 4 shows the proposed roadways for the project site, including connections 

with two existing roadways from the Green Music Center to Rohnert Park 

Expressway, thereby fostering a continuous flow of pedestrian, bicycle, and 

vehicular traffic between the Specific Plan and the Green Music Center.  The 

Specific Plan uses two-way public streets throughout the majority of the community, 

including around the linear park/ball fields areas, so as to simplify the traffic 

circulation.  Around the commercial center plaza, a one way street system is used to 

accentuate the pedestrian nature of this area. 

The Specific Plan emphasizes design criteria that reduce the visual impacts of 

garage doors upon street scenes.  Alley improvements, including landscaping, 

lighting and drainage, will be maintained by associations or other funded entities to 

insure that the alleys have long-term maintenance. 

The Specific Plan street designs are pursuant to the City’s General Plan, with 

direction received from City staff and the requirements of the RWQCB to reduce 

impervious street surfaces whenever possible.  Pedestrian crossings at Rohnert Park 

Expressway will be located at traffic signals and be highlighted. 
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Traffic Studies 

Traffic studies will be conducted upon completion of City and county regional and 

citywide traffic studies, scheduled for early 2004.  The Specific Plan proponents will 

coordinate with the City on the control and mitigation of traffic during the phased 

construction of the Specific Plan properties. 

Sidewalks and ADA 

The Onsite and Frontage Street System Improvements will be compliant with the 

Americans with Disabilities Act (ADA) and aimed to reduce landscape maintenance 

in City right-of-ways while providing opportunities for distinctive landscaping 

treatments. 

Public Transit 

The Specific Plan will include locations for bus stops and likely transit routes, 

identifying opportunities to place transit stops near the commercial center, the high 

density housing and the linear parks and trails.   

Alternate Methods of Transportation 

Alternate methods of transportation relying on public trails and wider sidewalks are 

shown in Figure 5.  The trail system will tie into the existing City trail system, 

connecting existing City neighborhoods to Petaluma Hill Road, SSU, the 

Community Center, Creekside Middle School, Keiser Avenue, and Rancho Cotati 

High School. 

Parking Criteria 

The General Plan permits flexibility in parking standards to allow a reduction in the 

impacts of impervious surfaces and emphasize the pedestrian nature of the Specific 

Plan community. 

Air Quality and Congestion Management 

The pedestrian-oriented design of the community will facilitate the use of public 

trails and walkway systems, thereby reducing the impacts of Specific Plan vehicular 

traffic on air quality and on the City’s roadways. 

Utility Infrastructure Systems 

The Onsite Specific Plan Infrastructure Plans shown in Figure 6 through Figure 9 

include onsite and frontage sanitary sewer, storm, potable water, and recycled water 

systems within the Specific Plan area.  The Offsite Infrastructure Plans shown in 

Figure 10 through 12 include connecting the site to the City sanitary sewer, storm 

sewer, potable water, and recycled water systems.  These plans were coordinated 

with the City as part of the City of Rohnert Park Public Facilities Financing Plan 

(PFFP).  The PFFP will determine the required improvements to utility 
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infrastructure and roadways to facilitate the City’s General Plan and to allocate fair 

share costs for these improvements to the appropriate specific plans and infill 

development properties. 

The Specific Plan will maximize the use of recycled water systems for recreational 

and public facilities and commercial and residential properties.  Figure 9 shows the 

proposed recycled water infrastructure for the Specific Plan Area.  The City has 

existing recycled water facilities available in Snyder Lane that will be accessed by 

the Specific Plan during Phase One and Phase Two (Figures 11 and 12). 

In addition to the proposed sewer, storm, potable water, and recycled water systems 

and connections to the existing City facilities, the Specific Plan proposes to use 

various water conservation methods to meet the requirements of the City’s “Net 

Consumptive Water Use Impact” program.  This includes adhering to restrictions on 

groundwater use, the use of water-conserving plumbing fixtures within residential 

and commercial facilities, and technologically advanced irrigation systems in parks, 

parkways, front yards, and common areas.  In addition, the Specific Plan will 

coordinate with the City on the installation of infiltration ponds or other structures to 

increase the recharge of groundwater supplies.  The Specific Plan properties will 

work with the City to convey their water rights to the City in the effort to reduce the 

City’s groundwater reliance. 

Drainage and Water Quality Treatment infrastructure will be required for all 

Specific Plan properties, including construction and post construction best 

management practices (BMPs).  Each Specific Plan property will be responsible for 

addressing all of its water quality treatment and drainage systems to reduce the 

impacts of runoff from development on the City and regional drainage system.  

Drainage analysis and improvements will follow the City and Sonoma County Water 

Agency (SCWA) Flood Control Design Criteria and integrate criteria from resource 

agencies.  The Specific Plan also proposes a significant water quality treatment 

program, including detention measures in the creek buffers and ball fields.  The 

creek buffers will have a vegetative swale that meets the requirements of the 

Regional Water Quality Control Board (RWQCB). 

Electrical, Gas, Telephone, and Cable Television Utilities 

The Specific Plan will coordinate with the City, PG&E, and the appropriate 

telephone and cable television providers on the installation of dry utilities for the 

master planned community. 

Solid Waste Programs 

Pursuant to direction from City staff, the solid waste disposal program would be 

coordinated throughout the Specific Plan area using trash/recycling pickup from 

public streets for the single family detached residences and by private streets for the 

commercial and multi family communities.  This system would allow the 

community to have an organized disposal program that would not detract from the 

aesthetics of the community.
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Community Lighting 

City standards for street and public facility lighting will be used.  Design will 

attempt to minimize impacts on open space areas while providing safe access to 

pedestrians, bicyclists, and vehicles.  

Parks and Public Facilities 

The Specific Plan proposes a total of 40.81 acres of parkland of which 38.41 acres 

are in the UD LLC and VO properties.  This exceeds the estimated demand for 

parkland, which is 22.60 acres for the total Specific Plan area and 19.32 acres for the 

UD LLC and VO properties.  The Specific Plan will also provide 58 acres of open 

space, primarily as a buffer between the development and Petaluma Hill Road. 

Park, ball field, and plaza designs will be coordinated with the City and will use the 

Specific Plan Design Standards and Design Guidelines for design, installation, and 

maintenance.  Parks will use recycled water for irrigation as part of the City’s water 

conservation program.  Fencing along the public trails at open space, creek buffers, 

and other appropriate areas will be split rail designs that have long-term 

maintenance value while being aesthetically pleasing.  The public parks and trials 

are intended to be dedicated to the City and maintained by the City pursuant to a 

long-term funding mechanism provided by the Specific Plan. 

Schools 

A portion of the Specific Plan area is located within the Cotati-Rohnert Park School 

District (CRPUSD) boundary and a portion is within the Bellevue School District 

boundary.  The Specific Plan proponents will coordinate with the City and the 

CRPUSD to have the entire project located in the CRPUSD school boundary.  It 

should be noted that portions of the Specific Plan located outside the CRPUSD 

school boundary are projected as later phases of the Specific Plan and therefore, may 

have more time available to resolve the school boundary issues. 

Other Public Facilities 

The Specific Plan is participating in the City’s PFFP regarding the determination of 

necessary improvements and funding from new development for other public 

facilities.

Housing

The Specific Plan is also intended to help the City meet its Regional Housing Needs, 

as identified by the California Department of Housing and Community Development 

(HCD).  Implementation of the Specific Plan will contribute 39% of the affordable 

housing projected for new developments in the City’s General Plan.  Development 

Agreements will be developed for each phase and property to address the method of 

how the property or phase satisfies the affordable housing obligation. 
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The second dwelling unit program proposed by the Specific Plan adheres to the 

City’s Inclusionary Housing Ordinance.  Second dwelling units provide a unique 

opportunity for housing opportunities in this community.  Policies of the Specific 

Plan assume that City policies do not include the second dwelling unit in the Floor 

Area Ratio or count them toward Growth Management Ordinance limits.   

Facilities Financing Plan 

As a developing area in the City, the Specific Plan will require a full range of 

infrastructure improvements and public facilities for this master planned community 

to meet the City’s General Plan goals and policies.  The Specific Plan includes an 

assessment of General Plan financial criteria and a discussion of the development of 

financial requirements for each property within the Specific Plan area.  Offsite 

infrastructure and certain frontage road improvements for the entire Specific Plan 

will be allocated on a fair share basis pursuant to the City’s PFFP.  A number of 

financing mechanisms will be used to fund the development of the Specific Plan, 

including public and private financing.   

Environmental Conservation Program 

The Specific Plan includes a Natural Resources Conservation and Management 

Program for the conservation of onsite and offsite natural resources.  This Program 

was achieved through coordination with the Resource Agencies and includes 

standards for the conservation, development, and use of natural resources for the 

properties in the Specific Plan, where applicable.

A site constraints map was prepared based upon the assessments and surveys of 

biologists and discussions with the resource agencies.  Figure 13 shows the overlay 

of the Specific Plan on the Natural Resource Opportunities and Constraints Map to 

identify potentially affected natural resource areas.  Two mitigation areas are 

proposed as part of the Specific Plan.  These include onsite and offsite wetlands and 

are illustrated in Figures 14 and 15. 

Project Phasing 

The phasing of the Specific Plan area’s development will be determined by the 

Growth Management Ordinance and its limitation on the number of building permits 

to be issued each year.  The project will consist of seven phases.  Each phase has 

been designed to be self-sufficient and have the financial resources to implement the 

necessary infrastructure for its development.  The phasing of the development will 

be finalized with the City during the Development Agreement process.   

Pursuant to the requirements of the Specific Plan Ordinance, a preliminary Grading 

Plan for the UD LLC and Vast Oak properties has been prepared.  The grading of 

these two properties are independent of each other and independent of the remaining 

properties in the Specific Plan. 
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General Plan Amendments 

The Specific Plan applicants followed the General Plan goals, policies, themes, and 

objectives in the preparation and planning of the properties.  However, upon review 

of the Urban Structure exhibit (Figure 16) from the General Plan along with City 

Staff and the resource agencies, the applicants concluded that revisions were 

necessary for the Specific Plan land use planning to meet the goals and policies of 

the General Plan.  As a result, the Specific Plan land use and site plan was modified 

to better respond to the actual site conditions, including reducing impacts to existing 

natural resources and providing opportunities to enhance creeks and create higher 

value wetlands.  These revisions include: 

relocating homes for greater visual access to the Scenic Corridor; 

locating the plaza and commercial center along Rohnert Park Expressway, rather 

than in the interior of the Specific Plan, to improve the financial viability of the 

commercial center; 

changing traffic circulation to reduce crossings of Hinebaugh Creek and to 

simplify access around the ball fields and Linear Park; 

relocating the Linear Park, the ball fields, and the Public Plaza further to the east 

to improve the accessibility of these key features and better address pedestrian 

and bicyclist access to the commercial center; 

designing Rohnert Park Expressway to address “pedestrian friendly” policies 

and reduce impervious surfaces and duplicative roadways; and  

providing two-way streets around the ball fields and Linear Park so as to 

facilitate better traffic movement and reduce the need for more creek crossings. 

Environmental Issues 

The EIR will address baseline conditions for, and potentially significant 

environmental effects on, the following areas: 

Aesthetics – potential aesthetic impacts associated with buildout of the 

University Park Specific Plan Area with respect to minimizing impacts on 

ridgeline views and existing views along riparian corridors and open spaces and 

the gradual transition between urban and natural spaces.

Air Quality – potential impacts focusing on construction emissions, operational 

emissions, and emissions of carbon monoxide emitted by vehicles and stationary 

sources operating within the designated plan area. 

Biological Resources – potential impacts to vegetation, wetlands, wildlife, and 

fisheries from construction and operation of the University Park Specific Plan. 

Cultural Resources – potential effects on prehistoric and historic 

archaeological sites within the proposed project area via a records search and 

field investigations. 
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Agricultural Resources – potential impacts to agricultural resources and open 

space resources identified in the Rohnert Park General Plan and EIR relating to 

the conversion of farmland to non-agricultural uses, agriculture preservation 

policies, land under the Williamson Act, and land compatibility issues. 

Geology and Soils – potential impacts to geology and soils relating to risk of 

earthquake-induced ground shaking and accelerated erosion and sedimentation 

from construction activity and operation.

Hazards and Hazardous Materials – potential impacts from hazards and 

hazardous materials present onsite either from previous land uses or 

construction-related activity.

Population and Housing – potential impacts of project construction on housing 

demand and on housing supply, including affordable housing, in the City of 

Rohnert Park. 

Hydrology and Water Quality – potential impacts related to hydrology, 

flooding, water quality, and water supply from buildout of the University 

District Specific Plan.  The analysis will include completion of a Water Supply 

Assessment. 

Land Use – potential impacts to land use in terms of consistency of the 

proposed project with existing and planned land uses, the Rohnert Park General 

Plan and zoning requirements, other applicable plans and policies, and any 

alterations to the Land Use Plan that may be required to reflect University 

District Specific Plan land uses. 

Noise – potential impacts from construction, project-related changes in traffic 

patterns, and exposure of new residences to traffic noise. 

Public Services and Utilities – potential impacts to public services, including 

the provision of police, fire protection, and school services, and utilities, 

including solid waste, telephone, cable, and energy services. 

Transportation – potential impacts to traffic and circulation, including system 

circulation needs for future traffic demand and the potential circulation impacts 

resulting from development of the proposed University District Specific Plan. 
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Appendix C 
Wetland Delineation Map 







Appendix D 
Agency Coordination 









































































Appendix E 
Draft Conceptual Riparian Restoration Plan 











Appendix F 
Plants and Wildlife Observed 



F-1 

Appendix F 
Plant Species Observed in the Study Area  

Note: Species listed includes those observed during special-status plant surveys of the Vast Oak and UD 
LLC portions of the study area conducted in spring 1995-1999 and during a reconnaissance survey of the 
study area conducted in winter 2004; and those observed in the Anderson 48 mitigation site. 
CLASS 

Family 

Scientific Name Common Name 

DICOTYLEDONAE  

Anacardiaceae—Sumac Family  

Toxicodendron diversilobum Poison oak 

Apiaceae—Parsley Family  

Conium maculatum Poison hemlock 

Daucus carota Queen Anne’s lace 

Eryngium aristulatum Coyote thistle 

Perideridia kelloggii Squawroot (common yampah) 

Asteraceae—Sunflower Family  

Achyrachaena mollis Blow-wives 

Carduus pycnocephalus Italian thistle 

Carthamas baeticus Smooth distaff thistle 

Centaurea solstitialis Yellow start-thistle 

Chamomilla suaveolens Pineapple weed 

Cirsium vulgare Bull thistle 

Holocarpha virgata Tarweed 

Hypocheris glabra Cat’s ear 

Lactuca biennis Biennial lettuce 

Lactuca serriola Wild lettuce 

Layia chrysanthenoides Tidy tips 

Microseris laciniata Microseris 

Picris echioides Bristly ox-tongue 



F-2 

CLASS 

Family 

Scientific Name Common Name 

Sonchus asper Sow thistle 

Xanthium spinosum Spiny cocklebur 

Xanthium strumarium Cocklebur 

Boraginaceae—Borage Family  

Amsinckia intermedia Fiddleneck 

Plagiobothrys stipitatus ssp. micranthus Popcorn flower 

Brassicaceae—Mustard Family  

Brassica geniculata Short-pod mustard 

Lepidium nitidum var. nitidum Peppergrass 

Raphanus sativus Wild radish 

Callitrichaceae—Water-Starwort Family  

Callitriche sp. Water-starwort 

Campanulaceae—Bellflower Family  

Downingia sp. Downingia 

Caryophyllaceae—Pink Family  

Stellaria media Common chickweed 

Convolvulaceae—Morning-Glory Family  

Convolvulus arvensis Field bindweed 

Crassulaceae—Stonecrop Family  

Crassula erecta Sand pygmy weed 

Euphorbiaceae—Spurge Family  

Chamaesyce serpyllifolia ssp. serpyllifolia Thyme-leaved spurge 

Fabaceae—Pea Family  

Lathyrus aphaca Pea 

Lotus corniculatus Bird’s foot trefoil 

Lupinus bicolor Miniature lupine 

Lupinus nanus Lupine 

Medicago polymorpha Bur-clover 

Trifolium barbigerum var. andrewsii Gray’s clover 

Trifolium depauperatum var. depauperatum Dwarf sack clover 

Trifolium dubium Little hop clover 

Trifolium pratense Red clover 

Trifolium repens Clover 



F-3 

CLASS 

Family 

Scientific Name Common Name 

Trifolium subterraneam Subterranean clover 

Trifolium variegatum Clover 

Vicia sativa Vetch 

Fagaceae—Oak Family  

Quercus lobata Valley oak 

Geraniaceae—Geranium Family  

Erodium botrys Filaree 

Erodium cicutarium Red-stemmed filaree 

Geranium dissectum Cutleaf geranium 

Hippocastanceae—Buckeye Family  

Aesculus californica  Buckeye 

Lamiaceae—Mint Family  

Mentha pulegium Pennyroyal 

Limnanthaceae—Meadowfoam Family  

Limnanthes douglasii Douglas’ meadowfoam 

Lythraceae—Loosestrife Family  

Lythrum hyssopifolium Purple loosestrife 

Oleaceae—Olive Family  

Fraxinus latifolia Oregon ash 

Papaveraceae—Poppy Family  

Eschscholzia californica California poppy 

Plantaginaceae—Plantain Family  

Plantago lanceolata English plantain 

Plantago major Common plantain 

Polygonaceae—Buckwheat Family  

Polygonum aviculare Knotweed 

Rumex acetosella Sheep sorrel 

Rumex conglomeratus Dock 

Rumex crispus Curly dock 

Rumex pulcher Fiddle dock 

Portulacaceae—Purslane Family  

Calandrinia ciliata Red maids 

Montia perfoliata Miner’s lettuce 



F-4 

CLASS 

Family 

Scientific Name Common Name 

Primulaceae—Primrose Family  

Anagallis arvensis Scarlet pimpernel 

Ranunculaceae—Buttercup Family  

Ranunculus californicus California buttercup 

Ranunculus lobbii* Lobb’s buttercup 

Ranunculus muricatus Spiny-fruited buttercup 

Ranunculus orthorhynchus Straight-beaked buttercup 

Rosaceae—Rose Family  

Rubus discolor Himalayan blackberry 

Salicaceae—Willow Family  

Salix exigua Narrow-leaved willow 

Salix laevigata Red willow 

Salix lucida ssp. lasiandra Shining willow 

Salix lutea Yellow willow 

Schrophulariaceae—Figwort Family  

Mimulus guttatus Monkeyflower 

Parentucellia viscosa Parentucellia 

MONOCOTYLEDONAE  

Cyperaceae—Sedge Family  

Carex barbarae Santa Barbara sedge 

Carex densa Dense sedge 
Carex obnupta Slough sedge 
Cyperus eragrostis Umbrella sedge 

Eleocharis macrostachya Spikerush 

Iridaceae—Iris Family  

Sisyrinchium bellum Blue-eyed grass 

Juncaceae—Rush Family  

Juncus balticus Twisted rush 

Juncus bufonius Toad rush 

Juncus capitatus Capitate rush 

Juncus effusus Rush 

Juncus patens Soft rush 

Juncus phaeocephalus Brown-headed rush 



F-5 

CLASS 

Family 

Scientific Name Common Name 

Juncus tenuis Slender rush 

Juncaginaceae—Arrow-Grass Family  

Lilaea scilloides Flowering quillwort 

Liliaceae—Lily Family  

Brodiaea terrestris Brodiaea 

Chlorogalum pomeridianum Soap plant 

Dichelostemma capitatum ssp. capitatum Blue dicks 

Triteleia laxa Ithuriel’s spear 

Poaceae—Grass Family  

Aira caryophyllea Silver hairgrass 

Avena barbata Slender wild oat 

Avena fatua Wild oat 

Briza minor Little rattlesnake grass 

Bromus diandrus Ripgut brome 

Broums hordeaceus Soft chess 

Crypsis schoenoides Swamp grass 

Festuca arundinacea Tall fescue 

Holcus lanatus Velvet grass 

Hordeum brachyantherum Meadow barley 

Hordeum marinum ssp. gussoneanum Mediterranean barley 

Hordeum murinum ssp. leporinum Hare barley 

Lolium perenne Perennial ryegrass 

Leymus triticoides Creeping wildrye 

Nasella pulchra Purple needlegrass 

Phalaris aquatica Harding grass 

Phalaris paradoxa Canary grass 

Pleuropogon californicus Semaphore grass 

Poa annua Annual bluegrass 

Polypogon monspeliensis Rabbitsfoot grass 

Taeniatherum caput-medusae Medusahead grass 

Vulpia bromoides Six-weeks fescue 

Vulpia myuros Rat-tail fescue 
*California Native Plant Society List 4 species occurring on the Anderson 48 mitigation site. 
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List of Wildlife Species Observed or Detected by Sign at or Adjacent to the Study Area During Field 
Surveys Conducted Between 1994 and 2004 

Fish  

Catastomus occidentalis Sacramento sucker 

Lavinia symmetricus California roach 

Oncorhynchus mykiss Central California Coast steelhead 

Amphibians  

Bufo boreas Western toad 

Aneides lugubris Aboreal salamander 

Batrachoseps attenatus California slender salamander 

Ensatina  eschscholtzi xanthoptica Yellow-eyed esantina 

Hyla boylii Foothill yellow-legged frog 

Hyla regilla Pacific treefrog 

Rana catesbeiana Bullfrog 

Reptiles  

Clemmys marmorata marmorata Northwestern pond turtle 

Coluber constrictor mormon Western yellow-bellied racer 

Eumeces skiltonianus Western skink 

Sceloporus occidentalis Western fence lizard  

Birds  

Agelaius phoeniceus Red-winged blackbird 

Ammondramus savannarum Grasshopper sparrow 

Anas platyrhynchos Mallard 

Aphelocoma californica Western scrub jay 

Ardea herodias Great blue heron 

Baeolophus inornatus Oak titmouse 

Bubo virginianus Great horned owl 

Buteo jamaicensis Red-tailed hawk 

Calypte anna Anna's hummingbird 

Carduelis psaltria Lesser goldfinch 

Carpodacus mexicanus House finch 

Catharsus guttatus Hermit's thrush 

Cathartes aura Turkey vulture 

Catharus ustulatus Swainson's thrush 

Chamaea fasciata Wrentit 
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Colaptes auratus Northern flicker 

Columba livia Rock dove 

Corvus brachyrhynchos American crow 

Corvus corax Common raven 

Cyanocitta stelleri Steller's jay 

Dendroica petechia brewsteri Yellow warbler 

Elanus leucurus White-tailed kite 

Empidonax difficilis Pacific-slope flycatcher 

Eremophila alpestris actia California horned lark 

Euphagus cyanocephalus Brewer's blackbird 

Falco sparverius American kestrel 

Hirundo pyrrhonota Cliff swallow 

Hirundo rustica Barn swallow 

Junco hyemalis Dark-eyed junco 

Melospiza melodia Song sparrow 

Mimus polyglottos Northern mockingbird 

Molothrus ater Brown-headed cowbird 

Phasianus colchicus Ring-necked phesant 

Pheucticus melanocephalus Black-headed grosbeak 

Picoides nuttallii Nuttall's woodpecker 

Picoides pubescens Downy woodpecker 

Pipilo crissalis California towhee 

Pipilo maculatus Spotted towhee 

Poecile rufescens  Chestnut-backed chickadee 

Psaltriparus minimus Bushtit 

Regulus calendula Ruby-crowned kinglet 

Sayornis nigricans Black phoebe 

Selasphorus sasin Allen's hummingbird 

Sialia mexicana Western bluebird 

Sitta carolinensis White-breasted nuthatch 

Sturnella neglecta Western meadowlark 

Sturnus vulgaris European starling 

Tachycineta bicolor Tree swallow 

Turdus migratorius American robin 

Tyrannus verticalis Western kingbird 
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Zenaida macroura Mourning dove 

Zonotrichia leucophrys White-crowned sparrow 

Mammals  

Canis familiaris  Domestic dog 

Canis latrans Coyote 

Didelphis virginiana Virginia opossum 

Felis catis Domestic cat 

Mephitis mephitis Striped skunk 

Odocoileus hemionus columbianus Black-tailed deer 

Procyon lotor Raccoon 

Spermophilus beecheyi California ground squirrel 

Sus scrofa Wild pig 

Sylvilagus audubonii Audubon's cottontail 

Tadaria brasiliensis Mexican free-tailed bat 

Thomomys bottae Botta's pocket gopher 
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Wetland Function Assessment Report 



































Appendix H 
Level of Service Calculation Sheets 

























































































































Appendix I 
Water Supply Assessment 

 

















































































































































































































































































































































































































































Appendix J 
Zero Footprint Design 
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LIST OF ABBREVEATIONS AND DEFINITIONS 
 

Units of Measurement: 
 
af acre-ft, a volume 
afa acre-ft per annum 
BTU British Thermal Unit 
g gallons 
gcd gallons per capita per day 
gpd gallons per day, a flow rate 
gpf gallons per toilet flush 
gpm gallons per minute, a flow rate 
g/yr gallons per year 
kWh kilowatt-hours 
MG millions of gallons 
mgd millions of gallons per day, a flow rate 
MG/yr millions of gallons per year 
 
Acronyms: 
 
AMR Automatic Meter Reading equipment (In the case of Rohnert Park, water meters fitted with 

transmitters that accommodate wireless reading by a passing vehicle equipped with a receiver 
and data logging equipment such as a lap-top computer). 

AWR Applied Water Requirement, the gross amount of water that must be applied to plant or grass 
to accommodate ET including runoff and water required to overcome the inefficiencies of the 
application system 

BMPs Best Management Practices (for urban water conservation as promulgated from time to time 
by the CUWCC) 

CC&Rs Conditions, Covenants and Restrictions that run with the land and are enforced by an HOA 
CEE Consortium for Energy Efficiency 
CIMIS California Irrigation Information System (system of weather stations) 
CI commercial and institutional use 
CII commercial, institutional and industrial (refers to water use in these customer categories) 
CUWCC California Urban Water Conservation Council 
DC direct current 
DU dwelling unit 
DEIR Draft Environmental Impact Report 
DWSA City of Rohnert Park Draft Water Supply Assessment, Oct. 2004 
EF Energy Factor, an energy performance indicator for dishwashers, cycles/kWh 
EIR Environmental Impact Report 
EPAct U.S. Energy Policy Act, first implemented in Oct. 1992 
ER Effective rainfall, that portion of rainfall that is utilized by plants via evaporation or 

transpiration. 
ET evapotranspiration, water loss via evaporation from plant surfaces and soil at base of plant 

and transpiration from plant leaf or grass surfaces 
ETo Reference ET for a standard crop of grass 4 inches to 7 inches tall 
HD high density, refers MF and other types of units constructed in dense configuration 
HOA homeowners association (or as used in this report, any type of association having authority to 

enforce CC&Rs placed on property within the UDSP area) 
IE Irrigation efficiency 
IRWP City of Santa Rosa’s Incremental Recycled Water Program, 2003 
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JONWRM John Olaf Nelson Water Resources Management 
KL Landscape coefficient (includes crop coefficient, and coefficients for shade and slope). 
MF Multi-family DU 
MEF Modified Energy Factor, an energy performance indicator for clothes washers, ft3/kWh/cycle   
PV Present value of a series of payments or costs 
RUBS Ratio Utility Billing Systems (Pertains to allocation of master metered utility charges and 

associated periodic billing fees to tenants of MF units using some allocation system that does 
not involve submetering.) 

SCWA Sonoma County Water Agency 
sf square-ft 
SF Single family DU (Detached unless specified otherwise) 
SWRS  Subregional Water Reclamation System  
UD LLC University District LLC, name of a subdivision within the UDSP area 
UDSP University District Specific Plan 
ULFT Ultra low flush toilet (flush is equal to or less than 1.6 g) 
VO Vast Oaks, name of subdivision with in the UDSP area 
WF Water Factor, a water use performance indicator for clothes washers, g/ft3 of laundry 
 
Definition of Certain Phrases: 
 
Hot Water Demand System A Hot Water Demand System includes a pump, temperature sensor and 

demand buttons (hard-wired or wireless).  The pump is installed at the 
hot water point of use farthest away from the water heater and 
interconnects the hot water riser to the cold water riser at that point.  The 
system permits calling for hot water on demand (pressing a button) and 
after a short wait (about 30 seconds) having hot water available at a hot 
water point of use after drawing about two cupfuls of water.  Water is 
recycled rather than wasted down the drain and net energy consumption 
is less than a standard plumbing system. 

 
Intract Refers to improvements/actions undertaken within the boundaries of the 

UDSP 
 
“irrigation only accounts” Refers to customers who have separate meters dedicated to landscape 

irrigation purposes. 
 
Offtract Means improvements/actions undertaken outside the boundary of the 

UDSP 
 
Structured Plumbing System A Structured Plumbing System consists of properly sized and well 

insulated hot water main and hot water risers, including a dedicated hot 
water main segment connecting the farthest hot water point of use to the 
water heater.  The system is laid out in a manner to minimize the hot 
water riser distances to less than 5 ft.  No hot water risers (piping 
connecting faucet to hot water main) connect to the dedicated return 
main.  The system includes a hot water demand pump, temperature 
sensor and demand buttons (hard-wired or wireless). 

 
“zero footprint” The complete reduction and/or offset of the potable water demand of a 

proposed urban development project by conservation, use of recycled 
water or other measures. 
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Executive Summary 
 
Description of Project 
 
The University District Specific Plan (UDSP) is a large residential project with associated commercial 
uses to be situated on a site just north of Sonoma State University and within the planned expanded 
boundary of the City of Rohnert Park. 
 
The plan area is comprised of 5 individual ownerships: 
 

• Vast Oak subdivision ............................................................................................... 224 acres 
• University District LLC subdivision........................................................................   34 acres 
• Cotati-Rohnert Park Unified School District subdivision........................................   29 acres 
• Gee subdivision and Abu Halawa subdivision ........................................................   10 acres 
      Total ......................................................................................................................... 297 acres 
 

In this report the Vast Oak and University District LLC subdivisions are grouped together (they comprise 
87% of the site) and the Cotati-Rohnert Park Unified School District and Gee and Abu Halawa 
subdivisions are grouped together and referred to as the “Other Subdivisions”.  The entity responsible for 
preparation of the UDSP and this report is Brookfield Homes Bay Area Inc. 
 
Planned land use breaks down as follows: 
 

• Buildings and associated formal landscaping .......................................................... 212 acres 
• Open space areas including parks, wetlands, trails, creeks, and buffer areas ..........    85 acres 
 

Formal landscape areas in the first category plus open space areas comprise nearly one-half of the total 
plan area. 
 
Housing stock provided by the UDSP project is: 
 

• Single-family (SF) Detached units..............................................................    880  (51%) 
• SF  Attached units.......................................................................................    182  (10%) 
• Multi-family (MF) units (includes 100 mixed live/work or loft units).......    548  (32%) 
• Second units ................................................................................................    126  (7%) 
      Total dwelling units..................................................................................... 1,736 

 
Average household population (excluding second units) is 2.62 persons per household.  Total resident 
population added by the project at build-out is 4,212 persons.  
 
The plan includes a commercial component consisting of 250,000 sf of building areas (including 50,000 
sf for a hotel) and 138,560 sf of associated commercial landscape area. 
 
Geography, Climate and ET 
 
The project area is situated in a broad inland coastal valley bounded by the Sonoma Mountains to the east 
and a low ridge of rolling coastal hills to the west.  Land is relatively flat. Soils are dominated by rich 
black adobe.  Streams drain westerly through the project site to join in the Laguna de Santa Rosa, thence 
drain northerly to the Russian River.  The site enjoys a mild climate.  Rainfall averages 33 inches per year 
and falls mainly in winter resulting in a long dry growing season from May through September.   

E-1 
 



 

 

 
Reference evapotranspiration (ETo), the amount of water required for growing a defined standard crop of 
grass, based on ten-year observation of weather station data, is 44 inches per year.  Since only 11 of the 
33 inches of annual rainfall is “effective”, i.e. contributes directly to plant water demand, the amount of 
demand not met by rainfall is 33 inches per year.  This amount must be supplied by irrigation.  
 
Zero Footprint Design 
 
“Zero footprint,” means the complete reduction and/or offset of the potable water demand of a proposed 
urban development project by conservation, use of recycled water or other measures.  
 
The UDSP zero footprint design includes the following on-site and off-site measures:   
 

On-site installation of: 
 

• Conservation devices required by federal law (low flow toilets, low flow shower heads, and low 
flow faucets with aerators). 

• Water efficient clothes washers. 
• Water efficient dishwashers. 
• ET controllers in rear yards of SF Detached units (rear yards are irrigated with potable water). 
• A water/energy efficient Structured Plumbing System (includes hot water demand pump) in SF 

Detached units. 
• Submeters in MF buildings and allowance of private metered billing. 
• Conservation devices in commercial and institutional sites. 
• Recycled water delivery system and use of recycled water available from the City of Santa Rosa’s 

Subregional Water Reclamation System in UDSP parks, irrigated open spaces, common 
landscape areas around MF units and commercial areas, and in the front yards of SF Detached 
units. 

 
Off-site offset of the remaining demand by funding the following or any combination of the following 
conservation programs offered to existing water system customers and which are described in detail 
in this report: 
 
• Double rebates for high efficiency clothes washers, 
• ET controllers for SF accounts, 
• ET controllers for irrigation accounts, 
• Submetering for MF accounts, 
• Hot Water Demand Systems for SF accounts. 
• Support/augmentation of existing conservation programs. 

 
Water Demand 
 
A very comprehensive analysis was performed to calculate UDSP demand.  A detailed breakdown of 
dwelling units, landscaped areas (including both front yard and rear yard areas), turf vs. non-turf areas 
(because of significant differences in applied water needs), and all park and open space areas was made.    
The breakdown included grouping turf areas by relative size in order to allow application of appropriate 
irrigation efficiency factors.  Phasing of development was determined in order to show how demand 
comes on line relative to conservation savings and offsets.  Park and open space landscape irrigation 
demand commences in 2005, first residential demand starts in 2006, commercial demand commences in 
2010, and final elements of all three of these components of demand come on-line in 2013. 
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Commercial demand for the UDSP is very small, comprising only 4% of total demand when including 
associated irrigation.  At this point the only information is that commercial development will total about 
250,000 sf, 50,000 sf of which will be hotel demand.  The non-hotel use is expected to be made up of 
offices, dry goods type stores, perhaps a Laundromat, and some eating establishments.  Inside commercial 
use was estimated using unit demand factors supplied by the City Engineer (0.125 gpd/sf for hotel area 
and 0.050 gpd/sf for other commercial inside use).  Landscape area and water demand was separately 
determined and estimated. 
 
Population density, inside per capita use in gallons per capita per day (gcd) and average day of the year 
demand in gallons per day per dwelling unit (gpd/DU) before application of any conservation measures is 
shown in Table ES1 for the general categories of residences found in the UDSP. 
 

Table ES1 – UDSP Unit Residential Demand 
(Before any Conservation Reductions or Offsets) 

Category Pop./DU Inside   
gcd 

Inside 
gpd/DU

Irrigation 
gpd/DU 

Total     
gpd/DU 

SF Detached 2.83 72.5 205 137 342 
SF Attached 2.40 72.5 174 64 238 
MF (including 
Mixed Units) 2.00 69.0 138 45 183 

Second Units 1.50 55.7 84 0 84 
Source: Table 4 

 
Total water demand for the entire UDSP is shown in Table ES2. 
 

Table ES2 – Total UDSP Demand  
(Before any Conservation Reductions or Offsets) 

Category Inside Irrigation Total 
Residential 298,373 156,649 455,022 
Commercial 16,250 5,175 21,425 
Parks and Open Space Areas - 41,053 41,053 
Total – gallons/average day/yr (gpd) 314,623 202,877 517,500 
Total - ac-ft per annum (afa) 353 227 580 
Source: Table 5 

 
Recycled Water Use 
 
Service from the Subregional Water Reclamation System (SWRS) operated by the City of Santa Rosa is 
planned.  Average annual recycled water demand at full project development was determined to be 
123,273 gpd (138 afa) or 61% of total UDSP irrigation demand of 227 afa. 
 
A preliminary cost estimate prepared by MacKay and Somps Civil Engineering estimates the cost of the 
on-site recycled water distribution system as $3,223,220 or an average of $1,857/DU when spread across 
all dwelling units.     
 
It is assumed the SWRS will be responsible for operation and maintenance of all Offtract facilities, in-
track mains and Intract distribution lines up to and including the recycled water meter.  The cost of this 
service will be covered by the SWRS’s charge for recycled water service which will be billed directly to 
the homeowner, or in the case of recycled water served to UDSP “irrigation only accounts”, to the owner 
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or party responsible for the property for which irrigation service is provided.  Currently it is the policy of 
the SWRS to charge 75% of local potable water system rates after a 3-year ramp-up period, which, based 
on the City of Rohnert Park’s FY 2003-04 potable water rate amounts to $1.31 per 1,000 gallons.  It is 
further assumed that recycled water meters installed will be specified to be the same as the wireless 
automatic meter reading equipment (AMR) meters installed by the City for SF customers and that the 
SWRS will work out an arrangement with and compensate the City for reading and billing recycled water 
service.  The added time it would take to read AMR recycled water meters in the UDSP area when fully 
built out is estimated to be less than 20 minutes per billing cycle. 
 
A concern that arises in connection with obtaining recycled water service from SWRS is that the system 
currently is deficient in storage capacity required to carryover winter-time generated/treated sewage to 
supply new summer irrigation demand.  While this is true for a solely recycled water irrigation service 
application, such as a park, it is not a significant concern applicable to the UDSP since this is a new 
municipal customer who generates sewage collected by the SWRS in the summer months in sufficient 
amounts to meet UDSP recycled irrigation demands.  The UDSP generates 93% of the 138 afa recycled 
water demand.  Over the course of the irrigation season, the amount of storage needed to close the gap 
and achieve 100% coverage is 9.5 acre-ft (af).  Not withstanding, it is acknowledged that annual 
variations in irrigation demand and the wintertime sewage generated by the project must be 
accommodated by the SWRS.  The point to bear in mind however is that a municipal demand type 
applicant, such as the UDSP, who generates recycled demand is far superior to one who does not since the 
former is also offering a place to dispose of sewage generated during the irrigation season. 
 
City of Rohnert Park’s Water Conservation Program 
 
The City of Rohnert Park’s main sources of supply are ground water and deliveries of Russian River 
water from the Sonoma County Water Agency’s (SCWA’s) Water Supply and Transmission System – an 
aqueduct system that also serves a number of other cities and water districts.   
 
The City of Rohnert Park’s existing water conservation program is in main based upon a report prepared 
in 1995 by Montgomery-Watson Engineers entitled Water and Wastewater Efficiency/Avoided Cost 
Study, which was prepared for the proposed expansion of the aqueduct system.  The study identified two 
alternative water conservation programs for the City estimated to save from 550 afa to 800 afa and cost 
from $1,503,843 to $1,867,051.  The programs contain strategies that, taken together, address current 
Best Management Practices for urban water conservation promulgated by the California Urban Water 
Conservation Council.  In addition the need for the City to meter unmetered SF customers was identified.   
 
In 1998, with funds derived from rates charged for aqueduct water, the SCWA initiated a $15,000,000 
support program to assist the cities and water districts it serves to implement the conservation programs 
identified in the study.  The City of Rohnert Park’s share of this funding effort is $1,560,100 and is 
coupled with a water savings goal of 600 afa (excludes savings from metering SF accounts).  The City 
contracts annually with the SCWA for receipt of these funds and for water conservation program services.  
At the close of FY 2003-04, $979,400 of the funding support has been spent leaving a balance of 
$580,700.  The annual agreements with SCWA have been providing the City $156,010 per year.  At this 
rate, the funding support from the $15,000,000 program will be exhausted in about 3 ½ years.   
 
Since 1995, much experience has been acquired regards the cost of implementing conservation measures.  
Updated estimates of the original Montgomery-Watson study programs has been prepared and indicates 
that the current present value (year 2004) estimate of the cost of accomplishing 600 afa of on-going 
savings is $5,464/afa or $3,278,263.  Deducting the $1,560,100 being made available from the SCWA 
agreement leaves an estimated unfounded balance of $1,718,163.  This balance represents approximately 
314 afa or 52% of the program savings goal of 600 afa.  Funding this balance, to the extent not covered 
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by grants and potential allocation of additional funds from SCWA over and above the City’s first 
$1,560,100, must be raised by the City through increased water rates and charges or connection fees.  
Also, it is noted that by expending even more funds, water savings could be increased over and above the 
600 afa goal by an additional 200 afa according to the Montgomery-Watson study.   
 
Water Conservation Measures Analyzed and Recommended 
 
The following water conservation measures were analyzed for on-site and/or off-site residential 
application: 
 

• High Efficiency Clothes Washers 
• High Efficiency Dishwashers 
• ET Controllers 
• Submetering MF units 
• Hot Water Demand Systems 

 
Life-cycle analysis from both the customers and City of Rohnert Park’s perspective were performed to 
assist in selection of recommended on-site and off-site measures or programs. 
 
 High Efficiency Clothes Washers 
 
Encouraged by the Environmental Protection Agency’s Energy Star Partnerships Program and the market 
transformation influence of groups such as the Consortium for Energy Efficiency Inc., the American 
Council for an Energy-Efficient Economy and many others, more energy and water efficient clothes and 
dishwashers have evolved.  Clothes washers are rated for water efficiency by a water factor (WF) - the 
lower the WF the more water efficient the washer.  In California, regulations of the California Energy 
Commission call for a WF not greater than 8.5 by 2007 and 6.0 by 2010 for residential clothes washers, 
and based on extensive residential end use studies, savings is estimated at 5.5 gcd.  For commercial 
clothes washers, a WF not greater than 9.5 is required commencing in 2007.  Popular name brands are 
available on the market today having a WF as low as 4.5.    
 
On-site:  Clothes washers having a WF less than 6.0 are recommended for all clothes washers installed 
by the developers of the UDSP in residential units.  For UDSP commercial laundry sites, sites with coin 
operated machines, or businesses with an on-site laundry, or washers in common area laundry rooms 
serving MF units; clothes washers with a WF less than 7.5 are recommended.  The incremental cost to the 
developer for an efficient residential clothes washer is estimated to be $215.  
 
Off-site:  The City, contracting for service through the Sonoma County Water Agency, currently offers a 
rebate of $75 for replacement Energy Star clothes washers.  From time to time PG&E, the local energy 
utility has also offered clothes washer rebates.  It is recommended the City offer a double rebate of $150 
to increase participation in its program.  The normal replacement rate for clothes washers is estimated to 
be 7%.  For the City of Rohnert Park, it is estimated that about 774 clothes washers are replaced per year.  
Currently rebates are averaging 141 per year indicating that as many as 633 new replaced clothes washers 
per year may not be energy efficient.  By doubling the rebate the participation rate is expected to increase 
to 282 clothes washers per year or 36% of the normal replacement rate.    
 
 High Efficiency Dishwashers   
 
High efficiency dishwashers are of less focus in water conservation programs due to their relatively small 
share of household water use.  Dishwashers are assigned an energy factor (EF) or energy efficiency 
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indicator.  The higher the EF the more efficient the dishwasher.  Typical EF’s run from 0.46 to 0.50.  To 
qualify for an Energy Star label (high efficiency machine) the EF must exceed 0.58.  New models of 
dishwashers having an energy factor of 0.64 or greater have been measured as saving about 690 g/yr per 
SF home or 0.6 gcd. 
 
On-site:  High efficiency dishwashers are recommended for inclusion in all UDSP residences sold with 
dishwashers.  The incremental cost is estimated to be $100. 
 
Off-site:  Providing incentives to existing customers funded by the water system for high efficiency 
dishwashers is not recommended due to the availability of superior program alternatives.  
 
 ET Controllers 
 
Use of evapotranspiration (ET) permits accurate determination of water needs of plant materials.  
Technology is now available to permit effective use of ET to schedule irrigation on small sites such as SF 
residences.  In lieu of a standard controller or time clock, the technology employs a programmable 
electronic controller which uses wireless technology to access ET data calculated from weather station 
measurements which it uses to update run-times for each irrigation valves. 
 
One nationally known irrigation equipment manufacturer employs a satellite uplink to access ET data on 
a daily basis.  Services available include: 

 
• Furnishing and installation of an ET Controller in place of an existing controller at the site of a 

participating single family home. 
• Initial and assessment of irrigation zones and programming of information required for each 

irrigation valve. 
• Provision of and maintenance and operation of hardware and software at contractor’s central 

computer. 
• Obtaining of weather data from a large network of weather stations and calculation of ET 

applicable to the site. 
• Wireless update of controller ET daily (The ET Controller uses this data to automatically 

calculate and update run times for each irrigation valve.) 
• Maintenance of the ET Controller in good operating condition. 
• Appropriate liability insurance. 

 
Savings in outside water use is estimated at 26% for irrigation only accounts, 24% for upper quartile SF 
customers, and 18% for the typical SF water user. 
 
On-site:  ET controllers are proposed only for areas irrigated with potable water, namely rear yards of SF 
residences, and permanent potable irrigation required on 3.19 acres of the creek and buffer areas and 
assumed for a portion (0.32 acres) of commercial areas. 
 
Off-site:  Off-site, ET controllers could be offered by the City of Rohnert Park to existing customers and 
prioritized as follows: 
 

1. Sites served with irrigation only meters 
2. Upper quartile SF users (SF homes that when arrayed in descending order of annual water use fall 

within the upper 25%). 
3. The typical SF account.  
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ET controllers retrofitted on SF sites are estimated to cost $420.  On-going operation fees are estimated at 
$3/month for SF sites.  For sites served with irrigation only meters (commercial and MF accounts), cost 
per site is expected to average $1,610 with monthly fees running about $4.20.  The monthly fee could be 
added to the water bill or collected by the service provider directly.  Given the relatively popular use of 
turf in the existing Rohnert Park landscape, recent metering SF accounts and implementation of rate 
billing, SF customers are believed to be ideal and appreciative candidates for ET controller irrigation 
scheduling. 
 
It is noted that equipment can be purchased that will allow the City to temporarily reduce or eliminate 
demand on all valves assigned to irrigate turf areas – such as may be needed during hot spells or other 
periods during the summer months when supplies to the City are impaired.  This can be accomplished 
with a single phone call.  The City could reward customers opting to volunteer for such a program by 
covering their monthly charges or offering a discounted rate similar to the approach taken by PG&E 
regards its electrical load shedding program. 
 
 Submetering MF Units 
 
Individual MF units are generally served via a master meter.  Installing individual meters in new MF 
construction and retrofitting meters in existing MF buildings where plumbing configuration allows will, 
on average, save 21.8 gpd per unit or about 1/3rd of inside MF use.  The water utility still reads master 
meters and bills the building owner.  The building owner (normally by contracting with a private 
company) is responsible for reading the submeters and billing each unit separately.  To implement 
submetering – either for new construction or retrofits, equitable regulations need to be adopted to provide 
metering quality control, control resale of water and to protect the interests of the end user.  Excellent and 
proven examples of such regulations exist.   
 
A recent comprehensive national study recommends submetering be required in new MF building 
construction.  In the case of retrofitting submeters in MF buildings constructed prior to 1995, the study 
recommends that upgrade of toilets, low flow showerheads and faucets/aerators to current federal 
standards be required as part of the program if such upgrades have not already been installed.   
 
On-site:  It is recommended that all on-site MF units be individually submetered and that the City adopt 
regulations similar to the Miami Dade Water Department to provide metering quality control, control 
resale of water and protect the end user.  The extra cost to accomplish submetering at the time of 
construction is estimated at $150/DU. 
 
Off-site:  It is recommended the City of Rohnert Park adopt submetering policies similar to those 
implemented by Miami-Dade Water Department and offer an inducement of $325/DU to MF building 
owners to submeter MF buildings.  Plumbing arrangements in some MF buildings may not be conducive 
to submetering, so not all building owners will be able to take advantage of such a program.  Cost to 
retrofit submeters will vary but is estimated to average $325/DU.  As a condition of accepting the 
inducement, it is also recommended the City require the owner to upgrade toilets, shower heads and bath 
and kitchen faucets to federal standards to the extent that has not already been done.  Help for this extra 
effort could be supported by the City via its existing programs or by offering a partial targeted rebate.    
 
In addition to paying for actual water used, the tenant would enjoy the lower cost associated with the 
upgrade of toilets, showerheads and faucets.  Savings associated with these upgrades are not included in 
the average annual 21.8 gpd/DU savings estimated for submetering. 
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Hot Water Demand Systems 
 
Water wasted down the drain while waiting for hot water can be significant and waiting is a nuisance.  
The problem is particularly exacerbated in homes with a long pipe run from the water heater to the 
furthest hot water faucet.  Also, plumbing contractors have responded to more appliances now common in 
homes by installing larger diameter pipe thus increasing heat losses and wait times.  Solutions to this 
problem have been around for a long time but until relatively recently, these solutions were not energy 
efficient and the consumer ended up paying more for energy to solve the problem than the value of water 
saved.  This has changed with the advent of “hot water on demand systems”.   
 
Hot Water Demand Systems are easy to install and work this way.  By pressing a conveniently situated 
button, the cold water and hot water mains in the house are temporarily interconnected via a pump and 
water is pumped (cycled) from the hot water main into the cold water main, thence to the hot water 
heater, and thence back out to the hot water main.  This circulation of water within the house only lasts 
for about 30 seconds.  A temperature rise sensor automatically turns the pump and interconnection off.  
Hot water is now available at the hot water taps after about two cupfuls of water are drawn.  Buttons 
activating the pump can be directly wired (DC circuit) or wireless.   
 
Efficiency of a Hot Water Demand System is enhanced if the hot water main and all hot water risers are 
well insulated.  In new construction, efficiency and performance is further improved by keeping the 
distance between a given hot water tap and the hot water main to less than 5 ft, using proper pipe 
diameters, and installing a dedicated (also insulated) hot water return loop from the farthest hot water 
point of use directly back to the water heater.  Such a system is called a Structured Plumbing System.   
 
The procedure to conserve water and avoid long wait times then is to push one of the buttons upon first 
arising, busy yourself for about 30 seconds or more while the pump brings (actually recycles) hot water to 
the hot water tap, then turn on the tap.  Thereafter, any time during the day you want hot water, push the 
nearest button, wait about 30 seconds, then draw hot water. 
 
The pump has an energy demand equivalent to a 90 watt light bulb and because it is on for a relatively 
short time (about 30 seconds per button push or demand) uses very little energy.  Over the course of a 
year, even assuming gross use, the cost of energy to run the pump is less than two dollars.  A Hot Water 
Demand System actually results in net energy savings compared to a standard household plumbing 
system as the it avoids the loss of hot water wasted down the drain (this often happens when someone 
turns the hot tap on but doesn’t get back to it until after the hot water has arrived and has been running); 
and, reduces heat loss in the hot water delivery system as relatively warmer ambient foundation 
temperature water is recycled back to the water heater in lieu of drawing in colder water residing in 
underground pipes (household service line/utility water main) thus preventing the water heater from 
cycling as often and thus using less energy.  
 
Studies documenting waster savings are relatively few for this new technology.  Savings is conservatively 
estimated to be 5,200 g/yr for the average existing household.  A growing number of water providers now 
offer incentives for Hot Water Demand Systems. 
 
On-site:  It is recommended that a Structured Plumbing System served by hot water demand equipment 
be installed in all UDSP SF Detached homes.  The estimated incremental cost to do so is estimated to be 
$350 per SF DU.  Water savings, reduced to account for the more compact design of UDSP homes, is 
estimated at 3,900 g/yr per SF DU. 
 
Off-site:   It is recommended the City offer incentives to residential accounts to install a Hot Water 
Demand System (pump, sensor, and control buttons/equipment).  Estimated cost to the homeowner is 
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$300 if the homeowner does the installation him/herself, $375 if hired out.  An electrical outlet may need 
to be installed if the farthest hot water point of use does not have electricity in the plumbing cabinet 
beneath the sink.  Installing an outlet can add $100 if done by a contractor.  The specific incentive 
recommended for the City’s program is “actual cost but not to exceed $180 for an installation where an 
electrical outlet is available and $230 for an installation where an outlet needs to be added”.  This works 
out to be a 48% subsidy.  These costs can be lowered if a direct-install program approach (similar to the 
City’s ULFT direct install program) is taken.  Annual water savings of 5,200 g/yr per participating DU is 
estimated.   
 
 Commercial and Institutional Measures 
 
Commercial and institutional (CI) use is diverse and highly variable.  Except for the hotel designation and 
irrigation areas, little specifics exist at the time of this report on specific CI uses that will occur in UDSP 
commercial areas.  A comprehensive “List of Required CI Conservation Measures” was therefore 
developed and which provides for mandatory use of water efficient equipment as follows: 
 

• automatic (self-closing) metering type faucets 
• ice makers 
• commercial clothes washers 
• commercial dishwashers 
• air conditioning 
• refrigeration 
• condensers 
• food steamers 
• pre-rinse spray valves 
• dental vacuums 
• X-Ray film and photo processors 
• swimming pools 
• wash down equipment 
• fountains 
• Xeriscape plant materials 
• ET controllers if not already provided by the developer 
• subsurface drip irrigation in special turf installations 

 
This list addresses equipment over and above what is required by federal law (i.e. low flow toilets, shower 
heads, and faucets).  Research indicates that general application of these measures will conservatively 
result in average saving of 15% of interior CI use. 
 
On-site:  Each UDSP CI applicant for a building permit would be required to implement the “Required 
List of CI Conservation Measures”. 
 
The capital cost of recycled water and, where applicable, ET controllers on areas irrigated with potable 
water in CI areas is calculated separately from the 15% noted above and is included in the estimated 
developer’s costs.  The cost of interior conservation fixtures, appliances and special equipment (over and 
above the requirements of federal law cannot be quantified at this time and therefore is not included in 
estimated developer costs. 
 
Off-site:  Specific installation strategies for off-site commercial customers have not been analyzed as part 
of this study nor are credits for off-site savings taken. 
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Life Cycle Cost Analyses 
 
In order for decision makers to prioritize conservation program effort and help determine the 
recommendations made in this study, life cycle analyses of conservation measures from both the 
customer’s (developer’s) point of view and City of Rohnert Park’s point of view were prepared for both 
on-site and off-site measures/programs.  Included in the analyses were some of the City’s current 
programs. 
 
The approach taken conservatively estimates the minimum benefit to cost ratio (B/C) because the 
analysis: was based on today’s cost of water, sewer and other utility service; did not take into account 
energy or chemical savings that would be realized by the City or SCWA in the operation of utility 
facilities; did not consider potential avoided costs or savings that could result from delaying or possibly 
eliminating construction of future planned facilities; and, ignored any environmental or societal benefits.  
The purpose of the analyses was to permit prioritizing measures.  It is important to keep in mind, 
therefore, that just because a given measure has a B/C ratio less than “1”, it cannot be concluded that the 
measure is not cost-effective.  It merely means that the measure has a lower water saving return per dollar 
of investment than a measure with a higher B/C ratio.  The results of the analyses indicate that 
conservation measures should be ranked as follows (most cost effective is on top of list):  
 
On-site Measures (from end user or developer’s perspective): 
  Benefit/Cost Ratio 
 

1. High Efficiency Clothes Washers ............................................................... 2.44 
2. Structured Plumbing System (including hot water demand pump) ............ 1.49 
3. Submetering MF DUs ................................................................................. 1.01 
4. High Efficiency Dishwashers ..................................................................... 0.86 
5. ET controllers in rear yards of SF............................................................... 0.34 

   
Off-site Programs (from City of Rohnert Park’s perspective): 
 

1. High Efficiency Clothes Washers (single rebate) * .................................... 2.52 
2. ET Controllers for Irrigation Only accounts ............................................... 1.43 
3. High Efficiency Clothes Washers (double or rebate) ................................. 1.38 
4. ULFT for SF plus Shower Heads and Faucet Aerators (direct-install) *.... 1.18 
5. ULFT for CII accounts (direct-install) *..................................................... 1.18 
6. ULFT for SF DUs (direct-install) * ............................................................ 1.11 
7. Submetering MF DUs ................................................................................. 1.08 
8. ET Controllers for Upper Quartile Water Using SF Accounts ................... 1.03 
9. Hot Water Demand System for SF DUs ..................................................... 1.00 
10. ULFT for SF DUs (rebate) *....................................................................... 0.90 
11. ET Controllers for Typical SF DUs ............................................................ 0.31 

 *  Existing City of Rohnert Park conservation programs 
 
On-site Reductions and Resulting Net On-site Demand 
 
A breakdown of savings and cost to the developer for on-site conservation and recycled water reductions 
is shown in Table ES3.  Water conservation measures account for 131 afa of on-going savings.  Use of 
recycled water for irrigation amounts to 138 afa.  Total UDSP demand of 580 afa is therefore reduced by 
273 afa leaving net potable on-site demand of 307 afa.  To achieve the zero footprint design goal, the 
latter needs to be offset by off-site conservation.   
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Cost to the developer amounts to $4,410,073 dollars of which $1,186,853  (27%) is for the cost of 
conservation measures and the balance is for on-site recycled water system costs.  
 

Table ES3 – Reductions Due to On-site Conservation Measures and Recycled Water Use and Cost 
Measure Savings Factor Afa % Capital Cost 

Total Potable Demand Before Reductions  580 100% 
Residential Savings:   
   Low flush toilets 10.4 gcd 49  required by law 
   Low flow faucets/aerators 1.6 gcd 7  required by law 
   Low flow shower heads 2.4 gcd 11  required by law 
   HE Clothes washers 5.5 gcd 25  $346,150
   HE Dishwashers 0.6 gcd 3  $173,600
   ET Controllers – rear yards of SF 18% of irr. 13  $233,200
   Submeter MF  21.8 gpd/DU 12  $111,828
   Structured Plumbing System in SF 10.7 gpd 11  $308,000
   Subtotal – Residential  131  $1,172,778
Commercial & Potable Irr. Savings:   
   Commercial Interior 15% of interior 3  not estimated 
   ET Controllers (includes creeks/buffers) 26% of irr. 1  $14,075
   Subtotal – Commercial  4  $14,075
Total On-site Conservation Measure Savings  135 23% $1,186,853
Recycled Water Use On-site Use  138 24% $3,223,220
Total On-site Reductions  273 48% $4,410,073
Net or Remaining Demand  307 52% 
Source:  Table 15 

 
Off-site Water Conservation Program Offsets 
 
It is proposed that the developer could fund conservation programs to achieve a savings level of 307 afa.  
A good deal of effort has been spent in this report to develop new conservation programs that can 
accomplish this, namely: 

 
• ET Controller Programs offered to irrigation only, upper quartile SF and typical SF customers. 
• Double Clothes Washer Rebate Program. 
• Submetering Existing MF Buildings. 
• Hot Water Demand Systems offered to SF customers. 

 
Table ES4 summarizes the savings and costs to implement these programs.  Resulting savings from the 
proposed new off-site programs is estimated to be 221 afa, which amounts to 72% of the off-set 
requirement of 307 afa leaving an off-set gap of 85 afa.  The cost to implement the six strategies noted 
above to accomplish this 221 afa of savings is $1,877,926.    
 
Previously identified as a need, is additional funding in the amount of $1,718,163 for the City to fully 
implement its current program having a conservation goal of 600 afa.  Furthermore, it has been noted by 
expending more funds, an additional 200 afa can be achieved according to the Montgomery-Watson 
study.  To close the 85 afa offset gap and achieve 100% reduction or offset of potable water demand for 
the UDSP, it is proposed that a funding obligation of $466,504 to the City’s water conservation fund also 
be included.  Total cost for off-site measures (before consideration of an adjustment for errors in 
estimating) then increases to a total of $2,343,430. 
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Table ES4 – Off-site Conservation Programs, Offsets and Cost 
Program Savings Factor afa % Capital Cost 

Offset Requirement  307 100% 
New Programs:   
   ET Controllers:    
      Targeted at Irrigation Only Accounts 26% of irr. 48  $133,256
      Targeted at Upper Quartile SF Accounts 24% of irr. 54  $205,991
      Targeted at Typical SF Accounts  18% of irr. 28  $363,514
      Subtotal - ET Controller Program  130  $702,862
   Double Rebate for Clothes Washers 5.5 gcd 19  $178,800
   Submetering MF Units Program 21.8 gpd/unit 47  $628,778
   Hot Water Demand System Program 14.2 gpd/unit 25  $367,487
   Subtotal – New Programs  221 72% $1,877,926
Expand/Support Contribution to Exist. Programs  85 28% $466,504
Total  307  $2,344,430 
Source:  Table 17 

 
Summary of Overall Program 
 
Combining on-site conservation measures and recycling replacements with off-site conservation program 
offsets and funding participation achieves the zero footprint design goal and is recapped in Table ES5. 
 

Table ES5 – Overall Zero Footprint Savings and Costs 
 Savings, afa Savings, % Capital Cost $/afa 
On-site Reductions:     
   Conservation Measures* 135 23% $1,186,853 $8.787
   Recycled Water 138 24% $3,223,220 $23.347
   Subtotal 273 47% $4,410,073 $16,145
Off-site Program 307 53% $2,344,430 $7,649
Total 580 100% $6,754,503 $11,652
* Note:  The 135 afa on-site conservation savings includes 68 afa of savings due to federally 
mandated equipment (water efficient toilets shower heads and faucet/aerators).  The Capital 
Cost column does not include cost for this equipment.  If these savings are eliminated, the 
resulting cost per afa of on-site conservation measures is $17,639/afa.  

 
Note, the cost of new off-site conservation programs of $7,649/afa, while about 40% more expensive than 
the updated average cost of the City’s program of $5,464/afa, are considerably less expensive than their 
on-site counterparts of $18,795/afa (after the latter are properly corrected for savings from federally 
mandated measures).  This is due to a number of reasons:  the off-site programs generally do not cover the 
entire cost of the measure (48% subsidy for Hot Water Demand System retrofit for example); inclusion of 
high efficiency dishwashers on-site; lower savings attributed to Hot Water Demand Systems due to 
compact design of UDSP SF units; and, ET controllers are less cost effective because of reduced 
economy of scale such as use of recycled water in front yards of SF units and emphasis on Xeriscapes 
plant materials. 
 
A nine-year build-out schedule for the UDSP was prepared by the developer taking the City’s growth 
management program into account.  Figure ES1 shows when demand comes on-line over time and how it 
is met through on-site reductions and off-site conservation. 
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Fig ES1 - Forecast of Total Demand and How Met
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Mitigation of Potential Errors in Estimating Savings 
 
To account for possible errors in estimating savings, an analysis was made of potential error variance 
assigned to each conservation measure/program estimate based on the author’s experience.  This analysis 
indicates savings estimated may be in error by as much as +/- 15%.  Applying the average cost to achieve 
the off-site program savings – namely $7,649 per afa indicates that $520,773 dollars should be added to 
the estimated cost of off-site conservation offsets.  This brings the estimated cost of the off-site 
conservation offsets to $2,865,203, an increase of 22%.  Spread uniformly over all 1,736 UDSP dwelling 
units, the average unit cost per DU is $2,154.  
 
This adjustment brings the total cost of on-site reductions and off-site offsets to the developer to 
$7,275276. 
 
Suggested Funding of Off-site Offsets 
 
It is proposed that the developers of the UDSP could fund off-site measures.  These measures could be 
part of the City’s existing program, which are not yet funded, and/or new measures such as the new 
programs described in this report.  It is proposed that the developer provide funding for each DU at the 
time that a building permit is acquired.  To be equitable, the charge could be different for differing types 
of dwellings and vary as a function of estimated total water demand.  For a SF Detached DU this amounts 
to 342 gpd. This approach has been implemented by a number of water utilities.  The resulting funding 
calculated and recommended for the UDSP project are: 
 

• SF Detached DU .....................................$2,154 
• SF Attached DU......................................$1,498 
• MF DU (including mixed units) .............$1,151 
• Second DU..............................................$   526 
• Commercial applicant .............................$2,154 per 342 gpd of avg. estimated daily demand 

 
Note that the same approach is recommended for commercial development.  At the time a building permit 
is applied for the developer of a commercial site would provide funding as noted above.   
 
Homeowner Associations Assure Savings 
 
Conditions, Covenants and Restrictions (CC&Rs) are written rules, limitations and restrictions on use, 
mutually agreed to by all owners of homes in a subdivision or condominium complex. CC&Rs may limit 
size and placement of homes, exterior colors, pets, ages of residents, use of barbecues and other conduct 
to protect the quiet enjoyment of the various residents. CC&Rs are enforced by the homeowners 
association (HOA) or by individual owners who can bring lawsuits against violators and are permanent or 
"run with the land" so future owners are bound to the same rules.   
 
It is through properly and fairly drawn up CC&Rs and enforcement by HOAs (including condo 
associations, townhouse/home associations, common interest developments, etc.) that maintenance of the 
conservation measures proposed for the UDSP will be accomplished. 
 
It is recommended, that the CC&Rs for a given ownership, in addition to their other responsibilities, will 
address and cover the following requirements: 
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1. Maintenance required to repair and replace recycled water irrigation systems located 
downstream of the meter in the front yard of SF homes and common irrigation areas where 
recycled water is used.  Work to comply with the Health and Safety Code, and Titles 22 and 
17 of the California Code of Regulations.   

2. Maintenance of an inventory of toilet flapper valves compatible with the ULFT toilets 
installed within a given HOA area and periodic notices informing homeowners that these are 
available free to those experiencing malfunctioning or leaking flappers.  The initial inventory 
and information on replacement source will be supplied to the HOA by the developer.  
Research has shown that the majority of residential leaks are due to worn out flappers.  (Note:  
Flappers have a useful life of about 5 years.  After market replacements obtained by 
homeowners are often the wrong kind.  Many ULFTs employ a flapper having an “early 
closure” design.  One research study found that when these were replaced with standard after-
market flappers sold in most hardware stores, 70% of the toilets experienced increased flush 
volumes.) 

3. Payment of monthly service fees for ET controllers and serve as point of contact for dealing 
with any problems concerning controllers. 

 
Other Conservation Programs/Policy to Consider 
 
Other programs, policies and programs believed fruitful are as follows: 
 

• Mandatory retrofit of water conserving equipment required by federal law upon resale of 
property. 

• Mandatory installation of high efficiency washing machines in new development. 
• Mandatory installation of high efficiency equipment shown on the “Required List of CI 

Conservation Measures” in new commercial, institutional and industrial development 
• Prohibit narrow strips of turf in new development (unless irrigated with subsurface drip irrigation 

equipment). 
• Encouraging Xeriscapes and limiting use of turf in new developments. 
• Offer cash inducements for existing homeowners to replace turf with low water using landscapes. 
• Institute an irrigation waste watch and notification service. 
• Institute free leak survey and toilet flapper replacement service.  
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Description of Project 
 
The University District Specific Plan (UDSP) is a large residential project with associated commercial 
uses to be situated on 297 acres of land just north of Sonoma State University and within the planned 
expanded boundary of the City of Rohnert Park as envisioned in the City’s adopted July 2000 General 
Plan).  The plan for the portion of the site to be developed is quite dense and makes efficient use of land 
while maximizing surrounding open spaces comprised of parks, trails, wetlands, the creek corridors of 
Hinebaugh and Copeland Creeks which flow from east to west across the site, and other open space areas.   
 
The plan area is comprised of 5 individual ownerships: 
 

• Vast Oak subdivision (224 ac),  
• University District LLC (UD LLC) subdivision (34 ac),  
• Cotati-Rohnert Park Unified School District (CRPUSD) subdivision (29 ac), and the  
• Gee subdivision and Abu Halawa subdivision (10 ac).    
 

In this report the Vast Oak and UD LLC subdivisions are grouped together (they comprise 87% of the 
site) and the CRPUSD and Gee and Abu Halawa subdivisions are grouped together and referred to as the 
“Other Subdivisions”.  The entity responsible for preparation of the UDSP and this report is Brookfield 
Homes Bay Area Inc. 
 
Land used in the UDSP project is summarized in Table 1.  Seventy-one percent of the overall area is 
devoted to buildings and associated formal landscaping and 74% of that area is devoted to land covered 
by buildings, streets, sidewalks, driveway aprons, and hardscape (patios and on-site walks).  Open areas, 
such as parks, wetlands, trails, creeks, and buffer areas plus formal landscape areas associated with 
development comprise 47% or nearly one-half of the total UDSP area. 
 
Housing stock provided by the UDSP project (including 126 second units) totals 1,736 dwelling units 
(DUs) and is summarized in Table 2 along with household population density and definitions of specific 
housing categories.  Single-family (SF) Detached units comprise 51% of the total and multi-family (MF) 
units make up the rest.  From a water use perspective, it is noteworthy that by far the majority of SF 
Detached DUs are on relatively small lots ranging in size averaging 38 x 90 ft to 45 x 100 ft.  Housing 
density, based on 2000 Census data, range from 1.50 to 2.83 persons per household.  The weighted 
average for all residential units (excluding second units) is 2.62 persons per household and total resident 
population added by the project at build out is 4,212 persons.  
 
The plan includes a commercial component consisting of 250,000 sf of building areas (including 50,000 
sf for a hotel) and 138,560 sf of associated commercial landscape area. 
 
Geography, Climate and ET 
 
The project area is situated in a broad inland coastal valley known as Cotati Valley.  The valley is 
bounded by the Sonoma Mountains to the east and a ridge of low, rolling coastal hills to the west.  
Streams drain westerly through the project site to join up in the Laguna de Santa Rosa, which drains 
northerly to the Russian River.  The Pacific Ocean to the west and surrounding warm inland coastal 
valleys contribute to a very mild climate.  However, rainfall, which averages 33 inches per year (Ref. 1) 
falls almost exclusively in the late fall, winter and early spring months resulting in a long warm growing 
season from May through September with usually only traces of rainfall from June through September.  
Landform in the project area is relatively flat with a gentle fall to the west.  The underlying soil is 
dominated by rich black adobe.   
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Irrigation with this type of soil requires careful management to minimize runoff yet maintain optimum 
moisture conditions.  Evapotranspiration (ET) is a term which describes the water needs (demand) of 
green growing things. Reference evapotranspiration (ETo), is the amount of water required for growing a 
specifically defined standard crop of grass and, based on ten-year observation of weather station data 
(REF. 2) is 44 inches per year.  Approximately 11 of the 33 inches of annual rainfall are effective, i.e. 
effective rainfall (ER), for growing things, the balance either runs off or percolates into ground water.  
Net ET demand is therefore 44 – 11 = 33 inches per year.  Not all crops require the same amount of water 
as the standard crop so a crop coefficient is applied together with other factors to account for local 
conditions such as slope and shade.  These are combined into a landscape coefficient (KL).  The crop 
coefficient for the type and height of cool season grass found in park settings varies by month but 
averages about 0.8.  Therefore the ET demand for grass (ETg), before consideration of contributing 
rainfall, is about 36 inches. 
 
In order to calculate the Applied Water Requirement (AWR) for a given site, the efficiency of the 
irrigation system must be known.  This can be broken down into components, but generally is expressed 
as an overall irrigation efficiency (IE) (%).  For a large turf area, such as found in a park setting, high 
efficiencies of on the order of 75% can be achieved.  Efficiencies for small sites are much less and 
typically run as low as 50%.  Efficiency is in large part related to how uniform water can be applied over 
the target irrigation area and the rate of application achievable called the precipitation rate.  Clay soils 
have very low infiltration rates and runoff often occurs quickly given the limitations of typical sprinklers. 
 
The AWR for a large turf site (assumes site is level and relatively open and therefore slope and shade 
coefficients can be ignored) can be found using the following formula: 
 

AWR = (ETo – ER) x KL  / IE 
 

AWR and ETo have units of inches/year, KL is a coefficient and IE is a percentage.  Using data obtained 
on a monthly basis from (Ref.1) and (Ref. 2) yields the graph shown in Fig. 1 and shows the “drought 
conditions” experienced every summer by all plants grown in the region – thus demonstrating the 
importance of irrigation water.  
 
Zero Footprint Design 
 
“Zero footprint” means the complete reduction and/or offset of the potable water demand of a proposed 
urban development project by:  
 
A. Reduction of on-site potable water demand by: 
 

1. Incorporation of water conserving equipment and appliances, efficient irrigation equipment and 
management systems, etc. in development within the project area.  

2. Use of recycled water for irrigation purposes where appropriate. 
3. Development and use of project area ground water. 
4. Development and use of project area rainfall and runoff, including capture, storage and 

appropriate treatment. 
 

B. Offset of remaining demand by:  
 

1. Installation or funding of water conserving equipment and appliances, efficient irrigation 
equipment and management systems, etc applied off-site, i.e. outside of the project 
development area but within the potable water service area of the serving utility; and, 
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2. Installation or funding of recycled water on off-site properties that would otherwise use potable 
water provided by the serving utility.    

 
The UDSP zero footprint design employs strategies A1, A2, B1 and B2 – more specifically:   
 

On-site:  Installation of the following: 
 

• Conservation devices required by state and federal law (low flow toilets, low flow shower heads, 
and low flow faucets with aerators). 

• Water efficient clothes washers. 
• Water efficient dishwashers. 
• ET controllers in rear yards of SF Detached units (rear yards are irrigated with potable water). 
• Water/energy efficient Structured Plumbing System in SF Detached units. 
• Submeters in MF buildings and allowance of private metered billing. 
• Conservation devices in commercial and institutional sites. 
• Recycled water delivery system and use of recycled water available from the City of Santa Rosa’s 

Subregional Water Reclamation System (SWRS) (Santa Rosa is the managing partner of the 
subregional wastewater disposal system which receives all of the City of Rohnert Park’s sewage) 
in UDSP parks, irrigated open spaces, common landscape areas around MF units and commercial 
areas, and in the front yards of SF Detached units. 

 
Off-site:  Offset of the remaining demand by funding any combination of the following conservation 
programs which are described in detail later in this report: 
 
• Double rebates for high efficiency clothes washers, 
• ET controllers for SF accounts, 
• ET controllers for irrigation accounts, 
• Submetering for MF accounts, 
• Hot Water Demand Systems for SF accounts. 
• Support/augmentation of existing conservation programs. 

 
In calculating the additional funding required, an adjustment is included to account for potential errors in 
estimating conservation savings.  
 
The results of the zero footprint design for the UDSP project is shown in Table 3 and provides for: 
 

• 23% of project demand being reduced by on-site conservation devices, 
• 24% of project demand being reduced by on-site use of recycled water for irrigation, and 
• 53% of project demand being offset by off-site water conservation programs/strategies. 

 
Water Demand 
 
To calculate water demand (before application of any on-site reduction measures), a detailed breakdown 
of dwelling units, landscaped areas (including both front yard and rear yard areas), turf vs. non-turf areas 
(because of significant differences in applied water needs), and all park and open space areas was needed.  
The breakdown needed also to include grouping turf areas by relative size in order to allow application of 
appropriated irrigation efficiencies.  Subdivision ownership and phasing of development also needed to be 
forecast in order to show how demand comes on line relative to conservation savings and offsets.  
Detailed data used in calculating total project demand is contained in Appendix A and is summarized in 
the following Tables: 
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• Table 4 - Unit Residential Demand 
• Table 5 - UDSP Total Water Demands by Type, Category and Ownership 

 
Demand for SF units is calculated from the ground up relying on inside per capita values determined by 
the American Water Works Association Residential End Use Study (Ref. 3 and 4) plus application of 
methodology contained in “A Guide to Estimating Irrigation Water Needs of Landscape Plantings in 
California”, UC Coop. Extension, CA Dept. of Water Resources, and US Bureau of Reclamation, August, 
2000.  This methodology employs the formula described in the section on “Climate and ET”.  AWR 
values were calculated using data developed from analysis of ET data over a 10 year period (refer to 
section on “Climate and ET”, together with application of appropriate landscape coefficient (KL) and 
overall irrigation system efficiencies appropriate for the type and size of landscape being irrigated.  
Landscape coefficients are based on the plant pallet commonly found available in the area, which is 
dominated by native and Mediterranean drought tolerant varieties.  Irrigation efficiencies assume water is 
applied by an in-ground irrigation system served by a traditional type programmable controller.  Key 
coefficients and efficiencies used are shown in Table 6.   
 
To apply this approach, a great deal of effort was spent on breaking down the landscape areas into turf 
and non-turf areas.  Discussions with officials of Rohnert Park and Santa Rosa resulted in opting to apply 
recycled water only in front yards of SF units.  This required additional detail.  All of this detail is 
contained in Appendix A.  It is important to note that the SF residential landscape areas in UDSP are 
smaller than found in the typical subdivision lot in the City of Rohnert Park or nearby City.  The mean 
weighted average total landscape area for SF homes (excludes the 25 Estate homes) is 1,936 sf.  
Corresponding lawn area is 924 sf.  For this reason utilization of metered data for SF units in the City of 
Rohnert Park or nearby Cities to estimate demand for UDSP SF units would seriously overstate demand. 
   
For MF demand, the usual method of estimating inside use is to assume total metered use in the winter 
months fairly represents inside use.  By knowing the number of MF dwellings served and MF population, 
per capita inside use can be determined.  Information on water use in individual MF dwelling units in the 
City of Rohnert Park was not available, so analyses available for nearby cities were utilized (winter of 
1998-99 for the City of Petaluma) and winters of 2001-04 for the City of Santa Rosa) (Ref. 5 and 6). 
 
Commercial demand for the UDSP is very small, comprising only 4% including associated irrigation.  At 
this point the only information is that commercial development will total about 250,000 sf, 50,000 sf of 
which will be hotel demand.  The non-hotel use is expected to be made up of offices, dry goods type 
stores, perhaps a Laundromat, and some eating establishments.  Commercial use was estimated using unit 
demand factors supplied by the City Engineer (0.125 gpd/sf for hotel area and 0.050 gpd/sf for other 
commercial inside use).  Landscape area and water demand was separately determined and estimated.  
The City Engineer’s unit values were checked against ranges of indoor use reported in the AWWA 
Commercial End Uses of Water Study (Ref. 7). 
 
As shown in Table 5, total annual demand for the UDSP at build-out is 517,500 gpd (580 afa).  
Distribution of demand between inside and outside uses and by major category is shown in Fig. 2.  Not 
included in the 580 afa total is a relatively small amount of water used to temporarily irrigate drought 
tolerant plantings on 19 acres in or immediately upslope of sensitive creek corridor areas.  Recycled 
irrigation water is not allowed to runoff to creeks, so potable water is required for these sites.  This water 
is “start-up” water and required for two years on each planting site while plants are established. 
 
Development of the UDSP occurs over a nine year period.  Build-up of demand is shown in Fig 3 (refer 
Appendix Table A13 for supporting calculation) and is largely affected by the City’s growth limitation 
policies.  Park and open space landscape irrigation demand commences in 2005, first residential demand 
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starts in 2006, commercial demand commences in 2010, and final elements of all three of these 
components of demand come on-line in 2013.  No reductions for on-site conservation, on-site recycled 
water use, or off-site conservation measures are included in the demands shown in Fig. 3.   
 
Recycled Water Use 
 
After discussions with City officials, managers of the City of Santa Rosa’s Subregional Water 
Reclamation System and officials of the North Coast Regional Water Control Board, it was determined 
that recycled water was available and appropriate for use on all landscaping planned for park, trail, 
structural buffer and creek and creek buffer areas (except for landscape that drains directly to creeks), 
common area landscapes around MF units and front yard landscapes of SF residences.  Tables A1, A3, 
A3 and A7 of Appendix A identify these areas.  Utilizing the methodology sited in the report section 
entitled “Climate and ET” and relying on comprehensive studies undertaken by the City of Santa Rosa to 
develop its Incremental Recycled Water Program – particularly Tech. Memo 4 (Ref.2), average annual 
recycled water demand at full project development was determined to be 123,273 gpd (138 afa) (Table 
A8).  Monthly distribution of demand, based on an analysis of six years (1995 through 2000) of meter 
records for irrigation only accounts (these are individual meters serving irrigation only demands in 
common areas of MF projects, commercial areas and public lands) was determined.  Fig. 4 shows the 
monthly distribution of total irrigation demand for the UDSP which amounts to 202,877 gpd (227 afa) 
and that 61% can be met with recycled water or 123,274 gpd (138 afa). 
 
A very preliminary cost estimate of the on-site recycled water system of $3,223,220 has been prepared by 
MacKay and Somps Civil Engineering and is shown in Table B1 of Appendix B.  Spread across all 
dwelling units, the cost averages $1,857 per DU.     
 
For operation and maintenance, it is assumed the operation and maintenance of all Offtract facilities, in-
track mains and Intract distribution lines up to and including the recycled water meter will be covered by 
a charge for recycled water service which will be billed directly to the homeowner, or in the case of 
recycled water irrigation only meters, to the owner or party responsible for the property on which service 
is provided.  In the event operation and maintenance is provided by Subregional Water Reclamation 
System (SWRS), it is the current it policy of SWRS to charge 75% of local potable water system rates 
after a 3-year ramp-up period, which, based on the City of Rohnert Park’s FY 2003-04 potable water rate 
amounts to $1.31/1,000 g.  It is further assumed that recycled water meters installed will be specified to 
be the same as the wireless automatic meter reading equipment (AMR) meters installed by the City for SF 
customers and that the SWRS and City will work out an arrangement to compensate whomever reads and 
bills recycled water service.  The added time it would take to read AMR recycled water meters in the 
UDSP when fully built out is less than 20 minutes per billing cycle. 
 
A concern that arises in connection with obtaining recycled water service from SWRS is that the system 
currently is deficient in storage capacity required to carryover winter-time generated/treated sewage to 
supply new summer irrigation demand.  While this is true for a solely recycled water irrigation service 
application, such as a park, it is not a significant concern applicable to an applicant whose project 
generates sewage collected by the SWRS in sufficient amounts to meet irrigation demands.  To 
demonstrate this point, refer to the analysis and storage balance calculation shown in Table B2 and Figure 
B1 of Appendix B.  This analysis compares the amount of sewage generated by the UDSP vs. the 
recycled irrigation demand of the project on a month-by-month basis.  The results show that the UDSP 
can be expected to generate enough sewage during the irrigation season to offset 93% of the 138 afa 
recycled water demand.  Over the course of the irrigation season, the amount of storage needed to close 
the gap and achieve 100% coverage is 9.5 af.  Not withstanding, it is acknowledged that annual variations 
in irrigation demand and the wintertime sewage generated by the project must be accommodated by the 
SWRS.  The point to bare in mind, however, is that a municipal demand type applicant, such as the 
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UDSP, who generates recycled demand is far superior to one who does not since the former is also 
offering a place to dispose of sewage generated during the irrigation season. 
          
City of Rohnert Park’s Water Conservation Program 
 
Montgomery-Watson Study:  Data supporting the following discussion is contained in Appendix C.  
The City of Rohnert Park’s existing water conservation program is in main molded from a report prepared 
in 1995 by Montgomery-Watson Engineers entitled Water and Wastewater Efficiency/Avoided Cost 
Study, which was prepared for the proposed expansion of the Sonoma County Water Agency’s (SCWA’s) 
Water Supply and Transmission (aqueduct) System (Ref. 8 and 9).  The City of Rohnert Park’s main 
sources of supply are ground water and deliveries of Russian River water from the SCWA aqueduct.  A 
number of other cities and water districts contract for water service from the SCWA aqueduct system.   
 
The Montgomery-Watson study identified two alternative water conservation programs (Program 1 and 
Program 2) for each principal city and water district receiving water from the SCWA transmission 
system.  The programs contain strategies that, taken together, address current Best Management Practices 
(BMPs) for urban water conservation promulgated by the California Urban Water Conservation Council 
(CUWCC).   
 
For the City of Rohnert Park, the programs were designed to achieve an estimated annual level of on-
going savings of 1,450 afa (Program 1) to 1,700 afa (Program 2) following a 20-year implementation plan 
ending in year 2015.  The present value (1995) cost of the two programs was estimated in the study to be 
$5.37 and $5.74 million respectively.  Each program included and assumed 900 afa of savings would 
result from installing meters on unmetered SF connections (at the time of the study, these were estimated 
to number 7,608 meters).  The estimated cost for metering included in the analysis was $3.87 million.  
Excluding metering, the estimated cost for achieving the balance of savings of 550 afa for Program 1 and 
800 afa for Program 2 was $1.50 and $1.87 million respectively.  
 
SCWA Funding Agreement:  In 1998, with funds derived from rates charged for aqueduct water, the 
SCWA, at the direction of the water contractors it serves, initiated a $15.00 million support program to 
assist water contractors in implementing water conservation.  The resulting annual savings from all water 
contractors was estimated to be 6,600 afa.  The City’s share of this funding effort is set forth in an 
agreement with the SCWA (Ref. 10) and amounts to 10.37% or $1,560,100 and is coupled with a water 
savings goal of 600 afa (excludes savings from metering SF accounts).  The 600 afa savings was based on 
a blending of the strategies contained in both Program 1 and Program 2 in the Montgomery-Watson 
study.  The agreement includes water conservation coordination services furnished by the SCWA and is 
updated annually.  At the close of FY 2003-04, $979,400 has been spent leaving a balance of $580,700.  
The annual agreements with SCWA have been providing the City $156,010 per year.  At this rate, the 
funding transfer support from the SCWA under the $15.00 million effort will be exhausted in about 3 ½ 
years.   
 
Costs Have Increased:  Since 1995, much experience has been acquired regards the cost of 
implementing conservation measures.  Updated values and the original Montgomery-Watson study 
estimates are summarized in Table 7.  Details are contained in Appendix Table C1.  Based on a detailed 
analysis in year 2000 of a very similar water conservation program for the City of Petaluma (Ref. 5), the 
present value (PV) unit costs of achieving the Montgomery-Watson program were found to have 
increased by 53%.  Part of the increase was due to the change in the value of money over the intervening 
years from 1995 to 2000 and part was due to more accurate information on water conservation costs and 
savings.  Updating the estimates for the City of Rohnert Park’s program and escalating values to year 
2004 indicates that the current PV estimate of the cost of accomplishing 600 afa of savings is $3.28 
million.  Deducting the $1.56 million being made available from the SCWA agreement leaves a balance 
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of $1.72 million (PV 2004 estimate).  This balance represents 314 afa or 52% of the program savings goal 
of 600 afa.  Funding this balance, to the extent not covered by grants and potential allocation of additional 
funds from SCWA over and above the City’s first $1.56 million, must be raised through increased water 
rates and charges or connection fees.   
 
Also, it is noted that by expending more funds, program savings could be increased over and above the 
600 afa goal by an additional 200 afa according to the Montgomery-Watson study.  By way of 
comparison, the off-site conservation offsets sought for the UDSP is 307 afa  (see Table 3).  In other 
words, 2/3rds of the UDSP offset requirement could be met by spending the proposed developer funding 
on programs outlined in the Montgomery-Watson study without impacting the original 600 afa goal.  
From Table 7, it is calculated that the updated cost (present value) to accomplish such additional 
conservation is $5,464 per ac-ft per year of on-going savings.  
 
Best Management Practices Required:  In 1997, the City and other major water contractors provided 
aqueduct water from the SCWA, entered into the 10th Amended Agreement for Water Supply.  This 
agreement has since been superceded by the Eleventh Amended Agreement for Water Supply (Ref. 11).  
Both of these agreements include provisions that require the City to use best efforts in implementing the 
BMPs promulgated by the CUWCC.  In March 1, 2001, yet another agreement between the City, the 
SCWA and other water contractors became effective known as the MOU re. Interim Impairment (Ref. 
12).  It dealt with allocation of water during hot spells that could cause the SCWA’s aqueduct system to 
fall behind demand due to delayed construction of planned aqueduct expansion facilities.  This agreement 
placed renewed focus on water conservation including the requirement that the parties sign the 
memorandum of understanding with the CUWCC regarding implementation of BMPs (Ref. 13).  On June 
12, 2002 the City signed the CUWCC memorandum.  There are currently 14 BMPs outlined by the 
memorandum.  These are summarized in Table C2.   
 
In June 2000, a comprehensive comparison of water contractor water conservation programs and 
initiatives was undertaken by the SCWA.  BMPs, initiatives beyond the BMPs and recycled water use 
were compared.  Results are shown in Table C3.   
 
Regarding the City of Rohnert Park, it is noteworthy that it is the only water contractor who had 
implemented a residential “direct-install” ULFT program.  Direct-install refers to a water conservation 
implementation method that controls the cost and quality of devices installed and installation labor using 
a “furnish and install” contract approach which invites qualified bidders to respond to a project proposal 
that includes equipment performance and installation specifications.  Research (Ref. 14), part of which 
was compiled on the Rohnert Park experience (Ref. 15) has shown that, short of requiring retrofit of 
ULFTs on resale of a residential property, that direct-install is the most cost effective ULFT toilet 
replacement strategy given high freerider rates that accompany toilet rebate programs.  Freeriders are 
persons who respond to a toilet replacement offer who would have undertaken the toilet replacement even 
in the absence of a rebate.  The Rohnert Park Program direct-install program was initiated in 1997 in 
conjunction with toilet rebates and weekend special events.  After only one year, 3,569 or 10% of the 
entire inventory of toilets was replaced of which 68% were from the direct-install program (Ref. 16).   
 
Total toilets contained in SF, MF and CII sites and installed before State law (1992) and EPAct (1993) 
became effective (pre-1992) are estimated at 27,158 (Table C4).  The City has continued its toilet 
replacement program and as of March 2004, a total of 10,143 toilets have been replaced (Ref. 17) or 37% 
of the pre-1992 inventory.  
 
Regarding BMP 4 – Metering, the City hired a consultant in year 2000 to develop a specific meter 
installation plan (Ref. 20).  The plan analyzed different metering alternatives and recommended 
installation of radio read meters (known in the trade as AMR meters – for automatic meter reading type 
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meters).  Meters send a signal to a passing vehicle equipped with a special receiver connected to a laptop 
computer.  The City’s entire inventory of new residential meters can be read in less than a day.  Meters 
were obtained, installed and first readings commenced in April of 2003.  Bimonthly billing based on 
meter readings and application of a uniform commodity rate commenced in October 2003, thus bringing 
the City into early and full satisfaction of BMP 4.  In April 2004, City staff reported that annual use by SF 
customers averaged 384 gpd per SF unit, that SF use amounted to 42% of total use, that the peak summer 
month for SF units is 1.8 times the annual average, and that indoor use for SF residential customers is 
calculated to be 80 gpd, assuming 2.9 persons per SF unit (Ref. 21).    
 
In FY 2002-03, the City focused its attention on meter installations for SF customers.  Continued support 
was provided for toilet replacements and clothes washer rebates.  Also a pre-rinse spray nozzle 
replacement program targeting eating establishments and other places where dishes are washed was 
funded.  The City reported to the CUWCC that it spent $2,385.014 on BMP implementation in FY 2002-
03 - the lion’s share being for meter installations. 
 
Mandated Plumbing Equipment 
 
Lead by progressive stares such as California and Massachusetts, the Federal Government in 1992 passed 
the Energy Policy Act (EPAct).  It was signed into law by President George H. Bush on Oct. 24, 1992.  In 
Jan. of 1994, a modified and refined policy went into effect.  EPAct sets the national standard for water 
conservation plumbing fixtures and equipment.  It requires that fixtures and equipment sold, 
manufactured in or imported into the United States meet the following flow limitations:   
 

• water closets (gravity, flush valve and electrical mechanical hydraulic operated) – 1.6 gpf,  
• urinal valves – 1.0 gpf,  
• shower heads – 2.5 gpm at 80 psi or 2.2 gpm at 60 psi,  
• lavatory and kitchen faucets and faucet aerators – 2.5 gpm at 80 psi or 2.2 gpm at 60 psi, and 
• metering faucets (automatic opening and closing type faucet) – 0.25 gallons per cycle at 80 psi. 
 

The law provides for a number of exceptions but the impact of exceptions is not significant in view of the 
total inventory of plumbing fixtures and equipment.     
 
Water Use and Potential Savings in the Home 
 
Water use within the home has been measured (Ref. 3) and, including average leakage found, averages 
72.5 gcd for a home with no water saving fixtures or appliances.  Distribution of use for such a home is 
(Ref. 4):  
 

• toilet flushing ............................................... 27.7%,  
• clothes washing ............................................ 20.9%,  
• showers ........................................................ 17.3%,  
• faucet use ..................................................... 15.3%,  
• leaks ............................................................. 13.8%,  
• tub baths .......................................................   1.6%,  
• dishwashers ..................................................   1.3%  
• other domestic uses ......................................   2.1%  
 

Estimated savings are based on residential end use studies, which actually measured the reduction in use 
when waster efficient fixtures and appliances were installed.  Measurements were obtained by data 
loggers installed on the meter serving the residences.  The meters recorded and logged the rate of flow 
passing through the meter every 10 seconds.  This data was then analyzed and patterns established for 
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differing end uses – each having a unique “signature” when flow is plotted vs. time.  End uses were then 
accumulated and “before” and “after” comparisons made.  By having sufficient test homes, statistical 
significance can be achieved.  Results reported by the various studies are generally based on a statistical 
confidence level of 95%.  Results for five recent key studies are shown in Table 8 (includes citation of 
Ref., 22, 23, 24 and 25).  Note, that the sum of savings for retrofitting a home with federal mandated 
fixtures (ULFTs, low flow shower heads and low flow faucets/aerators) is 14.4 gcd.   
 
Water Conservation Measures Analyzed and Recommended 
 
Water conservation measures determined to be most appropriate are described in detail below.  
 

High Efficiency Clothes Washers 
 
Encouraged by the Environmental Protection Agency’s Energy Star Partnerships Program and the market 
transformation influence of groups such as the Consortium for Energy Efficiency Inc., the American 
Council for an Energy-Efficient Economy and many others, more energy and water efficient clothes and 
dishwashers have evolved.  Clothes washers are rated for water efficiency by a water factor (WF), which 
is calculated by dividing the number of gallons per load by the cubic feet of laundry washed.  The lower 
the WF the more water efficient the washer.  In February 2004, the California Energy Commission (CEC) 
adopted phased WF efficiency standards for residential clothes washers:  not greater than 8.5 
commencing in 2007, and not greater than 6.0 starting in 2010.  Federal approval is required before these 
standards are effective as EPAct allows only the Federal Government to regulate residential clothes 
washers unless a state exemption is approved.  The California legislature has sanctioned the application 
for and exemption and an application is in progress. In February of 2003 the CEC adopted a 9.5 WF 
standard for commercial clothes washers beginning in 2007. This regulation is already in effect. Popular 
name brands are available on the market today having a WF as low as 4.5.   
 
Clothes washers are also assigned an energy efficiency indicator called the modified energy factor (MEF).  
It has the units of ft3/kWh/cycle and is determined as the quotient of the capacity of the clothes container 
divided by the sum of the per cycle machine electrical energy consumption, hot water energy 
consumption and energy required for removal of the remaining moisture in the wash load.  The higher the 
MEF, the more energy efficient the clothes washer.  A number of popular brand names are now available 
with an MEF greater than 1.9.  To qualify for an Energy Star label (high efficiency clothes washer) the 
MEF must be equal to or exceed 1.42.  Energy Star does not stipulate a WF but typically clothes washers 
with a WF less than 9.5 have an MEF greater than 1.5.  As noted in Table 8, high efficiency clothes 
washers having a WF of less than 9.5 have been observed via metered data logging research to save 5.5 
gcd on average. 
 
On-site:  Clothes washers having a WF less than 6.0 are recommended for all clothes washers installed 
by the developers of the UDSP in residential units.  For UDSP commercial laundry sites, sites with coin 
operated machines, or businesses with an on-site laundry and clothes washers, or washers in common area 
laundry rooms serving MF units, clothes washers with a WF less than 7.5 are recommended. 
 
Off-site:  As for off-site effort, the City, contracting for service through the Sonoma County Water 
Agency, currently offers a rebate of $75 for replacement Energy Star clothes washers.  From time to time 
PG&E, the local energy utility has also offered clothes washer rebates.  The response to the City’s rebate 
offer was 176 rebates in the first year and has averaged 141 rebates per year.  Other water utilities have 
found that by increasing the rebate, a substantial increase in participation can be expected.  In FY 2002-
03, North Marin Water District offered a double rebate amounting to $150 per Energy Star clothes washer 
and paid out 550 rebates (Ref. 26).  The developer could fund on-going double rebates of $150.  The cost 
and increased participation of offering such a program is set forth in Table 9 (also Ref. 27).  The 
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inventory of clothes washers in existing SF and MF homes is estimated at 10,831.  Using an average life 
of 14 years indicates the normal replacement rate is 7.1% or 774 clothes washers per year.  Currently 
rebates are averaging 141 per year indicating that the balance or 633 clothes washers per year may not be 
energy efficient.  By doubling the rebate the participation rate is expected to increase to 282 clothes 
washers per year or 36% of the normal replacement rate.  Sans consideration of new residential 
construction, this rate of participation equals the goal set forth in BMP 6.     
 
 High Efficiency Dishwashers 
 
High efficiency dishwashers are of less focus in water conservation programs due to their relatively small 
share of household water use.  Dishwashers are assigned an energy factor (EF) or energy efficiency 
indicator.  It has the units of cycles/kWh and is determined as the reciprocal of the sum of the machine 
electrical energy per cycle plus the water heating energy consumption per cycle.  The higher the EF the 
more efficient the dishwasher.  Typical EF’s run from 0.46 to 0.50.  To qualify for an Energy Star label 
(high efficiency machine) the EF must exceed 0.58.  New models of dishwashers having an energy factor 
of 0.64 or greater have been measured as saving about 690 g/yr per SF home or 0.6 gcd (Ref. 25). 
 
On-site:  High efficiency dishwashers are recommended for inclusion in all UDSP residences provided 
with dishwashers.  Only incremental costs are incurred by the developer for utilizing same and the benefit 
cost ratio is reasonable. 
 
Off-site:  High efficiency dishwashers are not recommended for an offsite program due to the availability 
of superior program alternatives.  
 
 ET Controllers 
 
Research has well established that evapotranspiration (ET) is a recognized and accepted method to 
accurately determine the water needs of plant materials. Setting home irrigation schedules using ET data, 
however, is a sophisticated, time-consuming and ongoing activity that is rarely performed by homeowners 
or landscape professionals. Over-watered landscapes, greater fertilizer and chemical use, increased runoff 
and point pollution, exaggerated summer peaking requirements, high water bills, increased capital costs 
for water supply infrastructure and increased environmental impacts and mitigation costs are the results of 
improper irrigation applications. 
 
Technology has been developed to eliminate the inherent problems of achieving efficient irrigation 
scheduling at individual home sites.  In lieu of a standard controller or time clock, the new technology 
employs a programmable electronic controller which uses wireless technology to access ET data 
calculated from weather station measurements which it uses to update run-times for irrigation valves.  See 
Fig. 5.  
 
One nationally known irrigation equipment manufacturer employs a satellite uplink to access ET data on 
a daily basis (Fig. 6).  Services available include: 

 
• Furnishing and installation of an ET Controller in place of an existing controller at the site of a 

participating single family home and connecting same to the wires that lead to and control the 
operation of electrically operated irrigation valves serving different landscape zones at the site. 

• Initial and assessment of valve zones and programming of information required for each 
irrigation valve (station). 

• Installation, maintenance and operation of hardware and software at contractor’s central computer 
station. 
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• Obtaining of weather data from a large network of weather stations and calculation of ET 
determined to be applicable for the site. 

• Via legally licensed radio frequencies, update the ET daily (The ET Controller uses this data to 
automatically calculate and set irrigation run times for each valve.) 

• Maintenance of the ET Controller in good operating condition. 
• Appropriate liability insurance. 

 
On-site:  ET controllers are proposed only for areas irrigated with potable water, namely rear yards of SF 
residences, permanent irrigation required on 3.19 acres of the creek and buffer areas and 0.32 acres of 
commercial areas. 
 
Off-site:  Off-site, the developer could fund ET controllers at sites served with irrigation only meters, 
upper quartile SF users (SF homes that when arrayed in descending order of annual water use fall within 
the upper 25%) and the typical SF user in that order is recommended.  The cost and savings from such a 
program is shown in Table 10 (includes citation of Ref. 28 and 29).  ET controllers retrofitted on SF sites 
are estimated to cost $420 including 15% for program administration and promotion.  For sites served 
with irrigation only meters (commercial and MF), cost per sites are expected to average $1,610.  If the 
City were to sponsor a direct-install type program, control of ET equipment quality would be enhanced 
and the equipment and installation costs are estimated to be about 15% less. 
 
From a number of studies conducted by other water utilities (Ref. 30, 31, 32 and 33), savings in outside 
water use is estimated conservatively at 24% for upper quartile SF customers, 18% for the typical SF 
water user, and 26% for irrigation only accounts.  Given the relatively popular use of turf in the existing 
Rohnert Park landscape, advent of metering SF accounts and uniform commodity rate billing, SF 
customers are believed to be ideal and appreciative candidates for ET controller irrigation scheduling.   
 
Among the best equipment offered on the market is equipment that is offered together with provision of a 
daily ET update service typically costing about $3 per month.  This charge could be added to the water 
bill or collected by the service provider directly.  As an alternative, equipment can be purchased that will 
allow the City to temporarily reduce demand on all valves assigned to irrigate turf areas – such as may be 
needed during hot spells or other periods during the summer months when supplies to the City are 
impaired.  This can be accomplished with a single phone call.  The upper end of the reduction range is 
currently limited to 50% but can be specified to any reduction including complete turn off of turf valves.  
The City could reward customers opting to volunteer for such a program by covering their monthly 
charges or offering a discounted rate similar to PG&E’s electrical load shedding program. 
 
 Submetering MF Units 
 
Emulating the excellent program (Ref. 34) perfected by Miami-Dade County Department of Water and 
Sewer over a 7 ½ year period, the developer could fund measures which facilitate submetering of existing 
MF buildings.  The Miami-Dade program is voluntary for owners and encourages submetering where it is 
cost effective to do so.  It is regulated by the utility to assure meters meet AWWA standards, that work is 
done by qualified contractors, and that meters are read and billings rendered only by entities licensed by 
the utility and in a manor that is fair and protects the end user’s interests.  Licenses must be renewed 
annually and can require annual filing of a comparison report reconciling billings made by the utility to 
the building owner via master meters vs. billings made by the licensed entity to the tenant.  In addition the 
utility makes random inspections of submetered properties and keeps track of customer complaints. 
 
To assure consumer protection, the program includes specific consumer protections: 
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• The tenant lease agreement must state that the tenant will pay separately for water service. 
• Tenants pay only for water they use, i.e. only water that goes through the submeter serving that 

tenants dwelling unit.   
• No part of the water bill can be based on a pro-rata calculation of shared costs - so called RUBS  

billings (RUBS stands for Ratio Utility Billing System). 
• Tenants cannot be charged for water used in common areas (laundry areas, clubrooms, common 

irrigation, etc.), these uses must be paid for by the building owner. 
• Landlord is not allowed to make a profit from submetering. 
• Rates and charges cannot be greater than what Miami-Dade charges thus assuring that building 

owners make no profit on the resale of Miami-Dade water. 
• Landlord must make records available for tenant inspection and set up and notify tenants of 

process to follow should tenant want to dispute a bill. 
• Water service cannot be turned off for non-payment.  
• Partial submetering of a building is not allowed. 
• Installation and maintenance of meters that meet AWWA standards (AWWA C700, C708 and 

C710) is required and is the sole responsibility of the property owner. 
• A Consumer “Bill of Rights” informing tenants of their rights under the submetering program 

must be provided to each new tenant, and in the case of implementation of submetering on 
existing tenants, at least 90 days before any submetering occurs. 

 
Miami-Dade charges an annual license fee ($250).  Also building owners must pay an annual registration 
fee of $5.00 per submetered DU. 
 
In the Miami-Dade case, no subsidy is offered by the utility.  All costs of accomplishing submetering are 
paid for by property owners.  Inducements for the property owners are reduced water costs.  Installation 
companies report that most apartment owners want to see the initial investment paid back in less than two 
years.  Another inducement for property owners is the potential for an increase in property asset value that 
potential increased cash flow from submetering represents.  This is not only of value upon sale of the 
property but for obtaining loans for repairs or improvements.  Property owners commonly implement wait 
to implement submetering when the leases expires or as turnover occurs.  
 
By July 2004, the program was 7 ½ years old.  Miami-Dade reports that over 22,741 MF units in 131 
properties had been submetered.  Savings based on comparison of “before” and “after” master meter 
records for individual projects was reported by the utility to range from 22% to 38%. 
 
Based on the experience of Miami-Dade and others, the U.S. Environmental Protection Agency and 12 
cities and organizations undertook a collaborative research project to compare the effectiveness and 
relative merits of various MF billing conversion programs Ref. 35).  There are four ways that building 
owners pass on utility costs to tenants:  (1) included in the rent, (2) allocated based on number of 
bedrooms, number of occupants, etc. – so called RUBS method, (3) passing on of water costs by use of 
submetering of all water served to the unit (4) hybrid method generally involving a combination of 
method (2) and (3) (used where submetering only some of the water to the unit (usually hot water) is 
possible.  This research was a massive effort and involved responses covering 7,972 MF properties, which 
together accounted for 460,263 MF dwelling units.  The final report was published in August 2004.  
Some key findings and recommendations of the study are: 
 

• “Included in the rent” accounted for 62% of the MF units, RUBS – 24% and submetering – 10%. 
• Submetering was found to save 15.3% or 21.8 gpd per MF unit. 
• No statistically significant water savings could be attributed to RUBS type of billing. 
• Sumetering should be required in new MF construction. 

12 
 



 

 

• Submetering in existing MF buildings should be encouraged and accompanied with upgrade of 
toilets, low flow shower heads and faucets/aerators to EPAct standard. 

 
On-site:  It is recommended that all on-site MF units be individually submetered and that the City adopt 
regulations similar to Miami Dade to control resale of water and protect the end user.  The top part of 
Table 11 (includes citation of Ref. 36 and 37) shows the savings and cost to developer of such a program.  
Savings and cost data coming out of the national study were utilized in preparing this table.  There are 
548 MF units in the UDSP.  It is assumed that 10% of those units, because of high density, would have 
been separately metered anyway.  The balance or 493 units are assumed to be master metered with a 
meter per building.  These are candidates for submetering and it is recommended that all be separately 
submetered.  The extra cost to accomplish submetering at the time of construction is $150/DU and 
savings, based on the national study, will average 21.8 gpd/DU. 
 
Off-site:  The City of Rohnert Park could adopt submetering policies similar to those implemented by 
Miami-Dade Water Department, and the developer could fund an inducement to MF building owners to 
submeter MF units.  Plumbing arrangements in some MF units may not be conducive to submetering, so 
not all building owners will be able to take advantage of such a program.   
 
In any event, a condition of accepting submetering support should be upgrade of toilets, shower heads and 
bath and kitchen faucets to EPAct standards if that has not already been done  Help for this effort could be 
covered by the City via its existing programs or by developer funding of a partial targeted rebate.    
 
The cost and savings of implementing a submetering program for existing MF customers is shown in the 
bottom half of Table 11.  The average extra cost to accomplish submetering retrofits is $325/DU.  Savings 
is expected to average 21.8 gpd/DU.  This cost estimate assumes use of  wireless technology -  installation 
of a meter that meets AWWA standards equipped with a transponder unit, use of a repeater for every 35 
to 40 units if necessary and use of a data concentration unit from which reads can be downloaded.  It is 
also assumed that most units are served by a separate water supply line and that sheetrock work is 
relatively minor if encountered.  In cases where separation of water systems is required, costs will be 
higher.  In cases where access is easy and no sheetrock work is encountered, costs will be less.  Appendix 
D contains detailed information on water conservation measures.  Table D1 shows what is typically 
involved in retrofitting a MF unit with a submeter.  Fig. 7 shows a submeter installation – in this case a 
hybrid system where only hot water is being metered.  If manual read meters are employed, first costs 
would be significantly less but labor costs will increase substantially to accommodate meter reading.  It is 
recommended the program offer a rebate equal to actual cost of retrofitting a submeter not to exceed $325 
per MF unit.   
 
In addition to paying for actual water used, the tenant would enjoy the lower cost associated with the 
upgrade of toilets, showerheads and faucets.  Savings associated with these upgrades are not included in 
the average annual 21.8 gpd/DU savings estimated for submetering. 
 
 Hot Water Demand Systems 
 
Water wasted down the drain while waiting for hot water can amount to significant quantities and is a 
nuisance.  The problem is particularly exacerbated in homes with a long pipe run from the water heater to 
the furthest hot water faucet.  Also, plumbers have responded to more appliances now common in homes 
by installing larger diameter mains and raisers thus increasing heat losses and wait times.  Solutions to 
this problem have been around for a long time but until relatively recently, most of these solutions were 
not energy efficient and the consumer ended up paying more for energy to solve the problem than the 
value of water saved.  This has changed with the advent of “hot water on demand systems”.   
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Hot Water Demand Systems are easy to install and work this way.  In a retrofit situation (Fig. 8), a pump 
with temperature sensor is connected between the hot and cold water risers (a riser is the pipe connecting 
a faucet or other end use device to the household hot water or cold water main) serving the sink located 
farthest away from the water heater (usually a kitchen sink or master bedroom lavatory).  The pump only 
operates when turned on (hence the term “demand”).  This is usually accomplished by either one or 
combination of the following two methods: (1) hitting a button (much like a doorbell button) that 
activates a low voltage DC circuit that turns the pump on, or (2) connecting the pump to a receiver 
installed under the sink where the pump is located which can receive “turn on” commands from a small 
remote wireless transmitter which can be mounted on the face of remote sink panel(s) or simply set at a 
convenient place (night stand next to alarm clock, etc.).  These remote buttons again look like doorbell 
buttons and are powered by a small lithium battery.   
 
The pump is turned on whenever a button is pressed.  The pump operates at a flow rate of about 4 gpm 
(compared to a normal open faucet flow of about 2 gpm) and is “whisper” quiet.  The pump forces cold 
water sitting in the hot water riser and household hot water main located upstream of the pump into the 
cold water riser and downstream cold water household main back towards the water heater.  Since the 
intake side of the pump is “sucking” water from the hot water main and hence the heater, a temporary 
circular loop of water is created with the pump pulling hot water from the heater into the hot water main.  
Make-up water to the heater is supplied from the temporarily interconnection between the cold water and 
hot water riser in lieu of its normal source – namely pulling cold water from the house service line and 
street main.  As noted, the pumping rate is about twice the rate of flow from an open faucet, so if you 
have a normal wait time of 60 seconds at the sink where the pump is installed, the time to pump hot water 
to that sink with the pump “on” is about 30 seconds.  The demand pump remains on until a built-in 
temperature sensor observes a 5-degree rise in Fahrenheit.  It then shuts the pump off  (this closing the 
interconnection between the hot water and cold water risers) and awaits the next time someone pushes a 
button.  Upon opening the hot water tap, hot water is available within one or two cupfuls of water.  Since 
the other hot water taps are generally fed from the same hot water household main serving the farthest 
sink, hot water is also closer to these taps.  If hot water risers are less than 5 feet away from the hot water 
main and have a diameter of not more than 1/2 inch, hot water will also be available within two cupfuls 
(Ref.. 37, 38 and 39). 
 
The procedure to conserve water and avoid long wait times then is to push one of the buttons upon first 
arising, busy yourself for about 30 seconds or more while the pump brings (actually recycles) hot water to 
your hot water tap, then turn on the tap.  Thereafter, any time during the day you want hot water, push the 
nearest button, wait about 30 seconds, then draw hot water. 
 
The pump has an energy demand equivalent to a 90 watt light bulb and because it is on for a relatively 
short time (about 30 seconds per button push or demand) uses very little energy.  Assuming an abundant 
20 demands per day, the pump will have been on only 61 hours for the entire year and will have drawn 
5.5 kWh.  At PG&E’s highest marginal charge for residential service of 13.3 cents per kWh, that’s an 
annual energy cost of 73 cents.  Use of the hot Water Demand System will result in a net energy savings 
as the system avoids the loss of hot water wasted down the drain (this often happens when someone turns 
the hot tap on but doesn’t get back to it until after the hot water has arrived and has been running); and, 
reduces heat loss in the hot water delivery system as relatively warmer ambient foundation temperature 
water is recycled back to the water heater in lieu of drawing in colder water residing in underground pipes 
(household service line/utility water main) thus preventing the water heater from cycling as often and 
using less energy.  
 
Water savings are difficult to estimate for the Hot Water Demand System as they are a function of 
number of variables: household pipe main and riser diameters, type of material (effects heat absorption 
and loss), whether hot water pipes are insulated or not (uninsulated pipes cool down in about 8 minutes 
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whereas insulated pipes will stay relatively hot (generally above 105 degrees Fahrenheit) for 16 to 20 
minutes depending on the insulation “R” value and how well the insulation is installed) (Ref. 40), rate of 
flow that water is drawn, temperature setting at water heater, temperature of water in the hot water tank 
(water temperature in the tank cycles between a high and low setting), size of hot water tank (this effects 
the latter item), ambient temperature under house or wherever hot water pipes lay (this varies from season 
to season) and last but not least the distance a given hot water tap is from the water heater. Some studies 
have been undertaken and savings of up to 12,000 g/yr for a family residence have been measured (Ref. 
41).  A study of 28 randomly selected homes in the Metropolitan Water District of Southern California 
service area, based on survey data obtained from residents on wait time and cold water openings, 
calculated savings of 9,895 g/yr (avg. family size was 3.16 persons) (Ref. 42).  The manufacturer of the 
leading demand pump on the market (over 26,000 installations) suggests average savings of 7,300 g/yr 
(Ref. 43).  The author installed a Hot Water Demand System and using measurements of time similar to 
the Los Angeles study determined savings for a home occupied by two adults was 5,410 g/yr.  To be 
conservative, a savings of 5,200 g/yr per DU is used in this study for the typical existing SF Detached 
home..   
 
In new development performance and energy savings can optimized by in stalling a Structured Plumbing 
System that includes a hot water demand pump.  The hot water side of a Structured Plumbing System 
consists of a well insulated hot water main looped between the farthest hot water point of use and the 
water heater and laid out in a manner to minimize the hot water riser distances to less than 5 ft (Ref. 39). 
 
On-site:  It is recommended that a Structured Plumbing System (including a hot water demand pump) be 
installed in all UDSP SF Detached homes.  Specific design criteria recommended is to: 
 

• Install a hot water main (¾ or 1 inch diameter depending on the number of fixture-units) between 
the water heater and furthest hot water point of use. 

• At the furthest hot water point of use connect a ¾ inch dedicated return line to the hot water main 
and, following the shortest distance, loop this line back to the hot water heater at which point it 
connects to the demand pump which in turn connects to the hot water heater via either the cold 
water feed line or the drain line.  No fixtures are connected to this dedicated line.  

• Layout the hot water main to minimize the length of hot water risers and the main itself.  Each 
hot water riser should be less than 5 feet of ½ inch pipe or the equivalent volume of water.  (Hot 
water branch lines are not used in a Structured Plumbing System.) 

• Insulate hot water main, dedicated return line and all hot water risers with R4 pipe insulation. 
• Install a hot water demand pump as noted above.  An electric outlet is available there.   
• Install a hard-wired DC activation button at the kitchen sink and each lavatory fixture cabinet 

and wire back to the pump.  Also, at the farthest hot water point of use, install the temperature 
sensor on the end of the dedicated return line adjacent to where it interconnects to the end of the 
hot water main and wire this back to the demand pump. 

  
The estimated cost to install this type of system at the time of construction is $350 per SF DU (see top 
part of Table 12).  To be conservative, water savings for UDSP SF Detached homes (which have a more 
compact design than existing homes) is estimated at 3,900 g/yr per SF DU. 
 
Off-site:   Details of a Hot Water Demand System rebate program are laid out in the bottom part of Table 
12.  Estimated cost of a Hot Water Demand System is $300 if the homeowner does the installation 
him/herself, $375 if hired out.  An electrical outlet may need to be installed if the farthest hot water point 
of use does not have electricity in the plumbing cabinet beneath the sink.  Installing an outlet can amount 
to $100.  These costs can be lowered if a direct-install approach is undertaken.  Annual water savings of 
5,200 g/yr per participating DU is estimated.  A number of utilities now offer subsidies for Hot Water 
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Demand Systems.  The specific rebate recommended for the City’s program is “actual cost but not to 
exceed $180 for an installation where an electrical outlet is available and $230 for an installation where 
an outlet needs to be added”.  This works out to be about a 50% rebate.  This level of rebate is based on 
achieving a life cycle B/C ratio just a bit greater than 1.0 from the City’s perspective.    
 
 Commercial and Institutional Measures 
 
Commercial and institutional (CI) use is diverse and highly variable.  The AWWA Commercial End Uses 
of Water Study (Ref. 7) studied water conservation potential across the nation in five major CI use 
categories; office buildings, schools/colleges, hotels/motels, restaurants and food stores.  Nationally, these 
“Big Five” account for 37% of total CI use.  From a database containing results of audits in water utilities, 
which have implemented comprehensive CI programs, 433 audits in five cities were analyzed by the 
study.  Twenty-five additional sites were selected for end use measurement.  From these 458 sites, 
algorithms were developed to explain CI water use and savings for the five categories.  The study found 
typical water savings potential to range from 15% to 35% and that the largest CI use category is urban 
irrigation, which accounts for 28% of the total CI use.  Based on the existing body of literature, the 
CUWCC estimates that large landscape irrigation audits can reduce water use by 15%.  The Big Five and 
urban irrigation account for 65% of total CI use.  Based on audit data reported on other CI categories, it is 
reasonable to extrapolate the average 15% savings potential across the entire CI sector.   
 
On-site:  Except for a planned hotel, exact CI use in the UDSP project is not known at this time and is 
generally estimated.  Savings are estimated to amount to at least 15% provided the “List of Required CI 
Conservation Measures” shown in Table 13 is required of CI development.  It is recommended that each 
CI applicant for a building permit in the UDSP be required to implement this list of conservation 
measures. 
 
The capital cost of recycled water and, where applicable, ET controllers on areas irrigated with potable 
water in CI areas is included in the estimated developer’s costs presented later in this report (see Table 15.  
The cost of interior conservation fixtures, appliances and special equipment (over and above the 
requirements of EPAct) is not quantified at this time and are not included in estimated developer costs. 
 
Off-site:  Specific installation strategies for off-site commercial customers have not been analyzed as part 
of this study nor are credits for off-site savings taken.  The measures listed in Table 13, however, identify 
fruitful commercial conservation measures.   
 
Life Cycle Cost Analyses 
 
In order for decision makers to prioritize effort between conservation investments and to help determine 
the recommendations made in this study, life cycle analyses of conservation measures from both the 
customer’s (developer’s) point of view and City of Rohnert Park’s point of view were prepared.  A 
summary of these analyses is shown in Table 14.  Appendix Tables D2 (customer’s view) and D3 (City’s 
view) contain the detailed calculation.  Input data for Tables D2 and D3 come from the tables describing 
the conservation programs noted (i.e. Table 9 - Double Clothes Washer Rebate Program, Table 10 - ET 
Controller Program, Table 11 - Submetering MF Units Program, Table 12 - Hot Water Demand Systems 
Program, and Appendix Table D3 (includes citation of Ref. 47, 48 and 49) which contains additional 
supporting data necessary to complete the life cycle analyses.   
 
A discount rate of 5% was used in calculating present values (PV).  In calculating the value of water 
saved, the actual out-of-pocket cost of service was used.  In the case of the customer, these are the retail 
rates charged by the City for water and sewer service.  In the case of the City, this is the wholesale cost of 
SCWA water and cost of service from the SWRS.  While the cost of sewer service to the customer is 
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actually a fixed charge, it is calculated as a function of  winter consumption and the calculation will be 
updated periodically.  In this manner, indoor water savings eventually become reflected in the sewer 
charge.  The same is true for the annual charge to the City for service from the SWRS.   
 
Benefits are understated because the analyses:  
 

• include no increases in water and sewer costs for planned system expansions, 
• do not take into account local or SCWA energy and chemical savings, 
• do not consider any potential savings due to delay or possibly avoidance of a new water or sewer 

project element, and  
• ignore environmental and societal benefits associated with more efficient water use.   
 

The approach taken does, however, conservatively reveal the minimum real out-of-pocket cost savings of 
participating in or undertaking a particular conservation measure.  It is important to keep in mind that just 
because a given measure has a B/C ratio less than “1”, it does not necessarily follow that the measure is 
not cost-effective.  It merely means that the measure has a lower water saving return per dollar of 
investment than a measure with a higher B/C ratio.  
 
On-site Measures:  In Table 14, the most cost-effective on-site measures can be ranked in the following 
order: 
 

• High Efficiency Clothes Washers 
• Structured Plumbing System (including hot water demand pump) for SF DUs 
• Submetering MF DUs 
• High Efficiency Dishwashers 
• ET controllers in rear yards of SF 

   
Off-site Measures:  The lower section of Table 14 ranks off-site conservation measures by B/C ratio 
from the City’s perspective.  Included are new programs presented in this report and some of the existing 
City programs.  Combining these two and viewed from the City’s perspective, the ranking is: 
 

• High Efficiency Clothes Washers (single rebate) 
• ET Controllers for Irrigation Only accounts 
• High Efficiency Clothes Washers (double or rebate) 
• ULFT for SF plus Shower Heads and Faucet Aerators (direct-install) 
• ULFT for CII accounts (direct-install) 
• ULFT for SF DUs (direct-install) 
• Submetering MF DUs 
• ET Controllers for Upper Quartile Water Using SF Accounts 
• Hot Water Demand System for SF DUs 
• ULFT for SF DUs (rebate) 
• ET Controllers for Typical SF DUs 

 
On-site Reductions and Resulting Net On-site Demand 
 
On-site reductions of potable water use consist of: 
 

• water conservation measures, and 
• use of recycled water for irrigation. 
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Water conservation measures are broken down into two categories; water conserving equipment required 
in new construction by current state and federal laws and, water conservation measures that go beyond the 
requirements of current laws. 
 
Table 15 summarizes the savings and costs of on-site reduction measures.  It is supported by information 
contained in Tables 9 through 12 and Appendix Table D5, which contains an inventory of appliances and 
fixtures in the UDSP.   
 
Total demand before on-site reductions is 580 afa.  On-site conservation will reduce this by 135 afa or 
23%.  About ½ of this amount is due to existing laws concerning ULFTs and low flow shower heads and 
faucet/aerators.      
 
On-site recycled water use amounts to 138 afa of potable water replacement (24% of total demand).  
Together, on-site conservation and recycled water use will reduce or replace 273 afa of potable water 
demand or 47% of total demand.  The remaining potable water demand is 307 afa. 
 
Table 16 shows water use reductions for on-site conservation and on-site recycled water use for on-site 
residential customers by class in terms of both average annual gallons per capita per day (gcd) and 
average annual gallons per dwelling unit per day (gpd).  The “before” values in Table 16 were compared 
to the unit “take off” values used by Winzler & Kelly Consulting Engineers in preparing the demand 
forecast in the City of Rohnert Park Draft Water Supply Assessment (DWSA) dated October, 2004.  The 
results showed that the overall “before” residential demand for the UDSP presented in this report was 6% 
lower than the value resulting if the “current year” data for the DWSA report were used.  The results were 
reviewed with City Engineer and the Winzler & Kelly’s consultant.  Both agreed that the figures 
presented in this report are reasonable and should be used for the UDSP.  The 6% difference is explained 
mainly due to the fact that the figures in the DWSA are designed to be more general and all encompassing 
whereas the figures in this report are precise and tailored to the actual landscape areas planned for the 
various categories of residential lots - especially as pertains to landscape areas for SF Detached lots which 
are significantly smaller than landscape areas of existing SF Detached lots served by the City.     
 
Cost to the developer for on-site reductions amounts to $4.41 million dollars of which 27% is for the cost 
of conservation measures and 73% is for the recycled water system costs.  
 
Off-site Water Conservation Program Offsets 
 
The developer could fund conservation programs undertaken by or to be undertaken by the City sufficient 
to achieve savings of 307 afa.  A good deal of effort has been spent in this report to develop new 
conservation programs that the City can consider to accomplish this, namely: 

 
• ET Controller Programs 

- Irrigation Only/Commercial Accounts 
- Upper Quartile Water Using SF Accounts 
- Typical SF Accounts 

• Double Clothes Washer Rebate Program 
• Submetering MF DUs 
• Hot Water Demand for SF DUs  

 
Table 17 summarizes savings and costs to implement these programs.  Table 17 is supported by Tables 9 
through 12, which contain all the program design details and assumptions as to participation rate, etc.   
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Resulting savings from the proposed new off-site programs is estimated to be 221 afa, which amounts to 
72% of the offset requirement of 307 afa leaving an offset gap of 85 afa.  The cost to implement the six 
strategies noted above to accomplish this 221 afa of savings is $1.88 million.  Previously identified as a 
need, is additional funding in the amount of $1.72 for the City to fully implement its current program 
having a conservation goal of 600 afa.  Furthermore, it has been noted by expending more funds, an 
additional 200 afa can be achieved according to the Montgomery-Watson study.  To close the 85 afa 
offset gap and achieve 100% reduction or offset of potable water demand for the UDSP, it is proposed 
that a funding obligation of $0.47 million to the City’s water conservation fund also be included.  Total 
cost for off-site measures (before consideration of an adjustment for errors in estimating) then increases to 
a total of $2.34 million. 
 
Summary of Overall Program 
 
Combining on-site conservation measures and recycling replacements with off-site conservation offsets 
and funding participation achieve the zero footprint design shown in Table 3.  This table shows total 
demand with no reductions and how reduction, replacement or offset is achieved in each category.  
Results are displayed in a number of formats to accommodate the individual reader’s preference.  Results 
are: 
 

• Demand reduced by on-site conservation ......................23% *  
• Demand replaced with on-site recycled water ...............24% 
• Demand offset by off-site conservation programs.........53% 
 
      *About half of this amount is due to EPAct requirements. 

 
From the schedule of development shown in Appendix Table A12, demand estimates contained in 
Appendix A, and the estimated conservation and recycled water use shown in Table 15, a forecast 
showing how UDSP demand is met was prepared and is shown in Fig. 9.  The detailed calculation 
supporting this figure is contained in Table A12. 
 
The combined cost to accomplish the zero footprint result is shown in Table 18 and breaks down as 
follows: 
 

• On-site conservation measures above and beyond current law ..... $1.19 million 
• On-site recycled water system ....................................................... $3.22 million 
• Off-site conservation program offsets............................................ $2.34 million 
• Total ............................................................................................... $6.75 million 

 
In terms of the capital cost (present value) per ac-ft ongoing savings, the values are: 
 

• Updated cost of City’s current program (does not include metering SF units) .... $ 5,464/afa 
• On-site conservation measures (excludes measures mandated by EPAct) .......... $17,639/afa 
• On-site recycled water .......................................................................................... $23,342/afa 
• New off-site conservation programs ..................................................................... $  8,492/afa 
• Weighted average cost of off-site offsets.............................................................. $  7,649/afa 

 
Note, the new off-site conservation programs, while about half again more expensive than the updated 
average cost of the City’s program, are considerably less expensive than their on-site UDSP counterparts.  
The reason for this is that the off-site programs generally do not cover the entire cost of the measure (48% 
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subsidy for Hot Water Demand System retrofit for example), inclusion of high efficiency dishwashers; 
also, the UDSP potable irrigation sites are less cost effective to fit with ET controllers because of reduced 
economy of scale (use of recycled water in front yards of SF units) reduced amounts of turf due to 
emphasis on use of Xeriscape landscape materials and the number and geometry of irrigation sites. 
 
Mitigation of Potential Errors in Estimating Savings 
 
To account for possible errors in estimating savings, an analysis was made of potential error variance 
assigned to each conservation measure/program estimate based on the author’s experience.  This analysis 
is shown in Table 19.  This analysis indicates savings estimated may be overstated by as much as 15%.  
Applying the average cost to achieve the off-site program savings – namely $7,649 per afa indicates that 
$520,773 million dollars should be added to the estimated cost of off-site conservation offsets.  This 
brings the estimated cost of the off-site conservation offsets to $2,865,203, an increase of 22%.  Spread 
uniformly over all 1,736 UDSP dwelling units, the average unit cost per DU is $2,154. 
 
Suggested Conservation Charge to Pay for Off-site Offsets 
 
It is proposed that the developers of the UDSP could pay an additional connection charge to the City to 
cover the City’s cost of undertaking conservation measures.  These could be measures that are part of the 
City’s existing program which are not funded and/or new measures such as the new programs described 
in this report.  It is proposed that the developer could pay an added charge for each DU at the time that a 
building permit is acquired.  To be equitable, it is recommended the charge be different for differing types 
of dwellings and vary as a function of estimated water demand.  This approach has been implemented by 
a number of water utilities.  The calculation of the appropriate fee schedule is shown in Table 20.  For the 
purposes of this calculation, the fee is varied as a function of average annual unadjusted demand.  For a 
SF Detached DU this amounts to 342 gpd.  The resulting fees for UDSP project would be: 
 

• SF Detached DU .....................................$2,154 
• SF Attached DU......................................$1,498 
• MF DU (including mixed units) .............$1,151 
• Second DU..............................................$526 
• Commercial applicant .............................$2,154 per 342 gpd of avg. estimated annual demand 

 
Homeowner Associations Assure Savings 
 
Conditions, Covenants and Restrictions (CC&Rs) are written rules, limitations and restrictions on use, 
mutually agreed to by all owners of homes in a subdivision or condominium complex. CC&Rs may limit 
size and placement of homes, exterior colors, pets, ages of residents, use of barbecues and other conduct 
to protect the quiet enjoyment of the various residents. CC&Rs are enforced by the homeowners 
association (HOA) or by individual owners who can bring lawsuits against violators and are permanent or 
"run with the land" so future owners are bound to the same rules.   
 
It is through properly and fairly drawn up CC&Rs and enforcement by HOAs (including condo 
associations, townhouse/home associations, common interest developments, etc.) that maintenance of the 
conservation measures proposed for the UDSP will be accomplished. 
 
It is recommended, that the CC&Rs for a given ownership, in addition to their other responsibilities, will 
address and cover the following requirements: 
 

1. Maintenance required to repair and replace recycled water irrigation systems located 
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downstream of the meter in the front yard of SF homes and common irrigation areas where 
recycled water is used.  Work to comply with the Health and Safety Code, and Titles 22 and 
17 of the California Code of Regulations (Ref. 50).   

2. Maintenance of an inventory of toilet flapper valves compatible with the ULFT toilets 
installed within a given HOA area and periodic notices informing homeowners that these are 
available free to those experiencing malfunctioning or leaking flappers.  The initial inventory 
and information on replacements will be supplied to the HOA by the developer.  Research 
has shown that the majority of residential leaks are due to worn out flappers (Ref. 51).  
Flappers have a useful life of about 5 years.  After market replacements obtained by 
homeowners are often the wrong kind.  Many ULFTs employ a flapper having an “early 
closure” design.  One research study found that when these were replaced with standard after-
market flappers sold in most hardware stores, 70% of the toilets experienced increased flush 
volumes (Ref. 52). 

3. Payment of monthly service fees for ET controllers and serve as point of contact for dealing 
with any problems concerning controllers. 

 
Other Conservation Programs/Policy for City to Consider 
 
Mandatory Retrofit of Water Conserving Equipment Upon Resale:  Successful examples requiring 
retrofit of ULFTs, faucet aerators and low flow showerheads upon sale of the property (all property) have 
been implemented by a number of water utilities.  The complaint of the real estate industry that such a 
requirement could delay closing of escrow and thus cause the sale to be lost has been solved by allowing 
the seller the option of depositing funds for the conversion with the utility who in turn refunds same to 
buyer upon completion of conversion after transfer of the property occurs.  North Marin Water District’s 
regulation is a good model to consider (Ref. 53).  Benefits of this approach to the utility is that it will:  
 

• Accelerate conversion of the old toilet stock to ULFTs.  
• Fully satisfies BMP 14 of the CUWCC. 
• Frees up funding committed to toilet rebate and direct-install programs and makes same available 

for other water conservation strategies. 
• The cost of the conversion becomes the full responsibility of the property owner - the beneficiary 

of water savings that result. 
• Eliminates the problem of freeriders which research has shown is very significant. 
• The cost of conversion is incurred at a time when the property owner has ready access to funds to 

do the conversion. 
 
Mandatory Installation of High Efficiency Washing Machines in New Development:  To boost 
utilization of high efficiency clothes washers, some water utilities are now requiring their installation as a 
condition of water service (Ref. 54). 
 
Mandatory Installation of High Efficiency Equipment in New CI Development:  Require new CI 
applicants for water service to utilize the efficiency equipment listed in Table 13. 
 
Prohibit Narrow Strips of Turf in New Development:  One study (Ref. 55) has shown narrow strips of 
turf (less than 8 ft wide) require 220% more water due to wind drift and irrigation equipment limitations.  
Premature asphalt failure is also a negative and expensive side effect of using turf in narrow strips.  This 
type of turf irrigation should not be allowed unless water is applied via subsurface drip irrigation 
equipment.  North Marin Water District prohibits narrow strips of turf as a condition of connecting a new 
service (Ref. 56).   
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Limit Turf in New Development:  Limit turf area in new development with regulations stipulating turf 
area limits for different types of dwelling units (Ref. 57). 
 
Offer Incentives for Exchanging Turf for Xeriscape:  Offer cash inducements to existing homeowners 
to replace turf with low water using landscapes and develop an outreach to customers who are making 
landscaping changes (i.e. network with nurseries, landscape architects and contractors, etc.). (Ref. 57). 
 
Mandatory Installation of Efficient Structured Plumbing Systems in New Development:  For new 
SF Detached homes and other new development as appropriate, require installation of Structured 
Plumbing Systems (see page ix for definition). 
 
Irrigation Waste Watch and Notice (Oops Program):  The City of Santa Rosa initiated a program 
whereby customers are warned or tagged with an Oops tag informing them of an observed wasteful water 
use practice, misdirected or broken irrigation spray head(s), etc.  The customer is given or directed to 
information on how to avoid the problem in the future.  All employees of the utility department are 
trained and provided material for the program and all become “eyes on the street” as they go about their 
daily rounds.  Santa Rosa also has placed a highly visible Oops Patrol on the streets during certain periods 
of the week.  Several SCWA water contractors are now emulating this program with one or more of their 
regular personnel.  During summer months, students could be hired to make rounds during the wee hours 
of the morning.  This is an especially effective way to find irrigation problems and generally only 
involves noting where gutters are running with abundant wasted runoff and pinpointing the source 
property. 
 
Free Leak Survey and Flapper Replacement:  Research indicates that in the existing housing stock, 
14% of inside use is wasted by leaks occurring on the customer’s side of the meter and that the majority 
of leaks are caused by leaky flapper valves (Ref. 3).  It is recommended the City consider offering free 
leak detection and flapper replacement service.  If the repair required is more involved: refer customer to 
a list of pre-qualified plumbers. 
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acres % %
Development Areas:

Building envelopes, streets, and hardscapes 156.41 74%
Landscape areas associated w. buildings

Single Family Detached 40.81
High Density 12.09
Commercial 3.18 26%

Sub-Total 212.49 100% 71%
Open Areas:

Park Areas 16.63
Open Space (Wetland) Areas 28.07
Trail Areas 4.57
Structural Buffer Areas 3.54
Creeks & Buffer Areas 31.9
Sub-Total 84.71 29%

Total 297.2 100%

Area

Table 1 - Land Use



Housing 
Units

Household 
Population 

Total 
Population (1)

SF Detached 880 2.83 2,490             
SF Attached 182 2.40 437                
MF (includes Mixed units) 548 2.00 1,096             
Second 126 1.50 189                
Total 1,736 4,212             

Single Family Detached
DUs Category
335 Medium 1

202 Medium 2

318 Low

25 Estate

630

Mixed associated w. Commercial properties (aka live/work or loft units)
100

Second Units
126

Notes:
(1) Data supplied by Developer, based on 2000 Census data.

Part of Estate, Low and Medium residential units.  Utilized as a an office, 
income rental, bedroom as family unit expands or space for elder members of 
family to live.

4.1-6.0 ac/ac, avg. lot size: 50x100, range in area: 4,500-5,500 sf 
(avg. 5,000) lots, Single-Family Detached w. second units

12.1-24.0 ac/ac (density bonuses can increase to 30.0 units/ac).  Single-Family 
Attached (includes stacked flats, carriage units, townhouses, apartments, 
condominiums, and planned unit developments), High-Density Single-Family 
Detached, and Multi-Family housing

12.1-24.0 ac/ac in/near commercial center including businesses, retail stores, 
institutions and/or service organizations).  Can include multifamily stacked 
flats, carriage units, townhouses, apartments, condominiums, planned unit 
developments, and live/work units.

0.5-2.0 ac/ac, 15,000-17,000 sf lots, Single-Family Detached w. 
second units

High Density (all categories with prefix HD or NP, mainly MF but includes 182 SF 
Attached)

Table 2 - Housing Stock, Density and Definition of Housing Categories

6.1-12.0 DUs/ac, avg. lot size: 38x90, range in area: 2,970-3870 
sf (avg. 3,330 sf), Single-Family Detached, Clustered Housing, 
Alley-Loaded Housing, with second units.
6.1-12.0 DU/ac, avg. lot size: 45x100, range in area: 4,000-5000 
sf (avg. 4,500 sf), Single-Family Detached, Clustered Housing, 
Alley-Loaded Housing, with second units.

Definition of Housing Categorie

Description



gpd % mgd gcd gpd/DU afa
Total UDSP Demand (before any reductions) 517,500     100% 0.518 123 321 580
On-site Reductions due to:

On-site Water Conservation* 120,584     23% 0.121 29 75 135
On-site Recycled Water Use 123,274     24% 0.123 29 76 138
Total On-site Reductions 243,858     47% 0.244 58 151 273

Net On-site Potable Demand 273,642     53% 0.274 65 170 307
Reductions due to Off-site Conservation 273,643     53% 0.274 65 170 307
End Result (Zero Footprint) 0 0% 0 0 0 0

* Includes BMPs and Conservation devices required by State and Federal law.
Pop 4,212
DU's 1,610  (excludes 126 second units)

Table 3 - Recap of Zero Footprint Design for UDSP

Demand and
Savings/Offsets Equivalents



Pop. Density (2) Per capita (3) Amount Potable Recycled
Persons/DU gcd gpd/DU gpd/DU gpd/DU gpd/DU as % SF

SF-Detached 2.83 72.5 205.2      74.1 62.8 342.1
SF-Attached 2.40 72.5 174.0      12.8 51.1 237.8 70%
MF 2.00 69.0 138.0      9.0 35.9 182.9 53%
Mixed 2.00 69.0 138.0      9.0 35.9 182.9
Second 1.50 55.7 83.6        0.0 0.0 83.6

Notes:
(1)

(2) Based on 2000 Census Data
(3) Values for SF- Detached and Attached units are based from AWWA Research Foundation Residential End 

Uses of Water, 1999.  Values for MF are based on examination of winter use for MF units served by: (a) the 
City of Petaluma (Winter of 1998=1999) and (b) the City of Santa Rosa (Winters of 2001-02, 2002-03 and 
2003-04).  Second units assumed equal to apartment unit use published in US Dept. of HUD "Overview of 
Retrofit Strategies - A Guide for Apartment Owners and Managers, May 2002.

Type of Dwelling Unit

Table 4 - Unit Residential Demand (1)

Before deductions for onsite recycled water use or onsite or offsite water conservation including measures 
required by EPAC and State Law. 

Total
Inside Use Outside Use



Units Indoor Potable Irr. Sub-total Recycled Irr. Total
University Dist. LLC and Vast Oaks Subdivision

Residential
Single Family 

Medium 1 222 45,549 12,186 57,735 10,121 67,855
Medium 2 202 41,445 15,738 57,183 11,366 68,550
Low 240 49,242 21,150 70,392 17,759 88,151
Estate 25 5,129 3,054 8,183 5,079 13,262

Second 126 10,527 0 10,527 0 10,527
High Density 730 107,292 7,239 114,531 28,958 143,489

Commercial (1) 16,250 517 16,767 4,657 21,425
Park and Open Space Areas

Parks 0 0 19,306 19,306
Open Space (Wetlands) 0 0 0 0
Trails 0 0 5,717 5,717
Structural Buffer 0 0 3,283 3,283
Creek and Buffer 6,041 6,041 0 6,041
Sub-total 6,041 6,041 28,305 34,346

Total for UD LLC and VO 1,545 275,435 65,925 341,360 106,245 447,605
Other Subdivisions in Specific Plan Area (CRPUSD, Gee and Abu Halawa)

Residential
Single Family 

Medium 1 113 23,185 6,203 29,387 5,152 34,539
Medium 2 0 0 0 0 0 0
Low 78 16,004 6,874 22,877 5,772 28,649
Estate 0 0 0 0 0 0

Second 0 0 0 0 0 0
High Density 0 0 0 0 0 0

Commercial 0 0 0 0 0
Park and Open Space Areas

Parks 0 0 5,466 5,466
Open Space (Wetlands) 0 0 0 0
Trails 0 0 640 640
Structural Buffer 0 0 0 0
Creek and Buffer 602 602 0 602
Sub-total 602 602 6,105 6,707

Total for Other Subdivisions 191 39,188 13,678 52,867 17,029 69,895
Total for All Subdivisions in University District Specific Plan Area

Units Indoor Potable Irr. Sub-total Recycled Irr. Total
Residential

Single Family 
Medium 1 335 68,734 18,388 87,122 15,272 102,394
Medium 2 202 41,445 15,738 57,183 11,366 68,550
Low 318 65,246 28,024 93,269 23,531 116,801
Estate 25 5,129 3,054 8,183 5,079 13,262

Second 126 10,527 0 10,527 0 10,527
High Density (2) 730 107,292 7,239 114,531 28,958 143,489
Sub-total 1,736 298,373 72,443 370,816 84,206 455,023

Commercial 16,250 517 16,767 4,657 21,425
Park and Open Space Areas

Parks 0 0 24,771 24,771
Open Space (Wetlands) 0 0 0 0
Trails 0 0 6,356 6,356
Structural Buffer 0 0 3,283 3,283
Creek and Buffer 6,642 6,642 0 6,642
Sub-total 6,642 6,642 34,410 41,053

Total for UD Specific Plan 1,736 314,623 79,603 394,226 123,274 517,500
Notes

(1) Commercial non-irrigation demand is based on: sf gpd/sf
Hotel 50,000 0.125
Other 200,000 0.050
Total 250,000

(2) Amount of High Density potable irrigation that is for SF Attached units: 2,323                 gpd
Amount of High Density potable inside use that is for SF Attached units: 31,668               gpd

Table 5 - UDSP Total Water Demands by Type, Category and Ownership, gpd



Net ET   
inches/yr (1)

Landscape 
Coefficient,   KL

Overall Irrigation 
Efficiency, % AWR   gpd/sf (2)

Turf - large expanses (3) 32.8 0.8 75% 0.059748919
Turf - residential (4) 32.8 0.8 50% 0.089623379
Other Landscape (5) 32.8 0.5 75% 0.037343075

Notes:
(1) ET after deducting effective rainfall (I.e. ETo - ER)
(2) To convert "inches/yr" to avg annual "gpd/sf", multiply by 0.001708.
(3)

(4)

(5)

Table 6 - Key Irrigation Parameters

Large expanses of turf such as found in parks which can be irrigated with highly efficient 
impact rotors type sprinklers that can yield low precipitation rates.
Lawns found in SF, MF and typical commercial settings.   Uniform application of water at 
low precipitation rates are much more difficult to achieve given the geometry of these 
types of sites, hence the low efficiency factor.
Includes all other irrigated landscape other than turf (shrubs, trees, ground covers, 
flowers, vegetable gardens, etc.)  It is assumed most of these areas are served by drip 
emitters, or low pressure bubblers or  micro-spray heads, hence the higher efficiency 

d

Type of Landscape



afa PV, $ PV $/afa (1) Share
Water Conservation Savings Goal of City's Existing Prog. (2) 600
Estimated Cost - Montgomery Watson Study (3) $1,640,556
Revised Estimated Cost (4) $3,278,263 $5,464 100%
Funding being provided via SCWA distributions $1,560,100 48%
Funding Needed by City (and portion of savings represented) 314 $1,718,163 52%

Notes:
(1)

(2)

(3) PV (2004) of program costs based on Montgomery Watson Report.
(4)

Table 7 - City of Rohnert Park's Water Conservation Program
(Excludes Savings and Costs of Metering SF Customers)

Correction to Montgomery Watson estimates based on more current information on program costs 
(Table C1).

Present Value of total program costs (yr 2004) divided by annual program savings goal achieved in 
2015.  This is the cost to implement the City of Rohnert Park's existing Conservation Program.
Annual water savings goal (level) to be achieved by Yr 2015,  Does not include savings from metering 
SF units. 



Research Study ULFT's
Clothes 

Washers
Shower 
Heads

Faucets/ 
Aerators

Fixture Design Criteria > Ref. <1.6 gpf HE <2.5 gpm <2.2 gpm
Study

Tampa WD Residential Water Conservation Study (2004)   22 10.1 5.8 3.5 3.2
East Bay MUD Residential Conservation Study (2003) 23 10.1 5.2 1.3 n.a.
Seattle Home Water Conservation Study (2000) 24 10.9 5.6 0.3 1.2
AWWA Residentail End Uses of Water Study (1999) 3 10.5 n.d. 4.5 0.3
Water and Energy Savings Evaluation, Battelle PNNL (2001)* 25 n.a. 5.3 n.a. n.a.
Average 10.4 5.5 2.4 1.6

Terms:
HE means clothes washers having a WF < 9.5 g/cu-ft
n.d. means not determined
n.a. means not applicable
* estimated from % water reduction reported

Per capita savings (gcd) 

Table 8 - Comparison of Water Savings from Residential End Use Studies



Current City Program::
City Rebate (1) $75
Admin. Cost $16
Total Cost to City per Rebate $91
Participation, rebates/yr average (2) 149             
Average annual cost to City of old program $13,559

Proposed Program to Enhance Participation:
Added Rebate $75
Projected Increased participation factor (3) 2                 
Projected new participation rate, rebates/yr 298             
Average annual cost to City of new program $49,468
Increased annual cost to City $35,909
      Increase in basic grant and admin.  costs due to increased participation $13,559
      Increased cost due to added grant $22,350

Unit Water Savings, gcd (4) 5.5
Unit Water Savings, g/yr (5) 5,284          
Annual savings under old program, g/yr 787,272      
Annual savings under new program, g/yr 1,574,544   
Increase in water savings, g/yr 787,272      
Increase cost of rebates $178,800
Added Annual Savings achieved after 8 years, g/yr 6,298,175   
Overall Participation

Households (SF and MF) (6) 16,841        
Percentage having clothes washers (7) 64%
Stock (inventory) of clothes washers 10,831        
Natural replacement rate, clothes washers/yr (8) 774             
Clothes washers expected to be replaced over 8 yr program period 6,189          
Expected participation in rebate program, rebates 2,384          
Participation rate 39%

Notes:
(1)

(2) Average participation for last 2 yrs (FY 2002-03 and 2003-04) of City's rebate program (Ref. 17)
(3) Based on experience of North Marin Water District
(4)
(5) Based on avg. household density of 2.64 persons (CA Dept. of Finance estimate, 1/1/03) (Ref. 27)
(6) SCWA Water Conservation Report to City of Rohnert Park, May 2004 (Ref. 17)
(7)

(8) Based on estimated useful life of 14 years

Table 9 - Double Clothes Washer Rebate Program

Based on Ref. 26 estimates and assumption that group quarters, and MF households in aggregations 
of 5 or more units per building have no clothes washers.

Average of 5 residential end use studies where actual use was measured (refer to Table 8)

PG&E rebates have ranged from $0 to $75 and as of July 2004 vary from $75 to $125 based on water 
factor rating.



Commercial
Upper Quartile (1) Typical SF (2) Irrigation Only (3) Total

Total Accounts in Category - % 25% 75% 100%
Total Metered Accounts in Category - # (4) 1,925 5,774 251 7,949
Annual Use per Account, gpd 700 384 1,990
Outdoor water use share, % 58% 42% 100%
Accounts with In-ground Sprinkler Systems, % (5) 85% 75% 100%
Resulting Target Accounts 1,636 4,330 251 6,217
Participation estimate (6) 30% 20% 33%
Participating Accounts 491 866 83 1,440
Outdoor Savings, % (7) 24% 18% 26%
Savings per participating Account - gpd 97 29 517
Cost to purchase/install ET controllers per account (8) $420 $420 $1,610
Total Program Investment Cost $205,991 $363,514 $133,356 $702,862
Total Annual Savings, gpd 47,792 25,141 42,847 115,780
 Monthly Cost of Operation $3.00 $3.00 $4.17
Notes:
(1)

(2)

(3)

(4)
(5)
(6)

(7)

(8)

Table 10 - ET Controller Program

SF accounts whose water use ranks in the upper 25%.  Use in this category based on first year metering results times 1.82 
which is the ratio of annual upper quartile SF use to average annual SF use determined by a City of Santa Rosa Utility Dept. 
analysis of SF account use in 2002.  This analysis also showed outside use share for this category of users to be 58% (Ref. 
28).
Average SF water use reported by City of Rohnert Park staff based on first year of metering  (Ref. 21).  Average use is 
assumed to approximate use by non upper quartile SF users.

Estimate by JONWRM based on the assumption that the controllers would be provided and installed at no charge to the 
homeowner.
Savings reported in research projects conducted by Irvine Ranch Water District, City of Seattle, Santa Barbara and a 
combined project involving three Cities in Colorado (Boulder, Longmont and Greeley) (Ref. 30, 31, 32 and 33 respectively).  
Irrigation Only savings estimate from field research conducted by HydroPoint Inc., Petaluma CA.
Based on quotes from ET Controller supplier including labor for installation and landscape measurements and including 15% 
for program administration, overheads and promotion.  For SF sites a 12 station controller is assumed.  Irrigation only 
accounts are estimated to require a 24 station controller on average.

SF Residential

Use is based on average use for active potable water "irrigation only" meters served potable water in year 2000 by City of 
Santa Rosa (Ref. 2).
Number of accounts as reported in City of Rohnert Park FY 2002-03 Water Consumption Report (Ref. 29).
Based on AWWA Residential End Use Survey Data from four Calif. cities, 1999 (Ref. 3)



On-site - Submetering
Number of MF Units 548                 
Portion that would normally be individually metered (1) 10%
Balance (I.e. additional MF units that will be submetered) 493                 
Cost to submeter MF unit at time of construction (2) $150
Water saved, gpd/MF unit (3) 21.8                
Water saved, g/yr/MF unit 7,957              
Total savings from additional submetered units, gpd 10,752            
Total savings from additional submetered units, g/yr 3,924,392       
Total cost to developer to submeter the additional onsite units $73,980

Off-site - Submetering Program
Unmetered MF Units (4) 6,449              
Estimated Participation Rate (5) 30%
Number of participating dwelling units 1,935              
Estimated cost per unit installed and maximum rebate (6) $325
Estimated savings per participating MF unit, gpd (3) 21.8                
Water saved per participating dwelling unit, g/yr/MF unit 7,957              
Total savings from submetered units, gpd 42,176            
Total savings from submetered units, g/yr 15,394,408     
Total cost of offsite submetering program $628,778

Notes:
(1)

(2)

(3) National MF Submetering and Allocation Billing Program Study (Ref. 35). 
(4) SCWA Water Conservation Report, Mar. 2004 (Ref. 17)
(5)

(6) Ref. 35, Verification: Ref. 36 and Ref. 37.

Estimate of the number of units in MF projects whose owners are expected to opt 
for submetering.

National MF Submetering and Allocation Billing Program Study (Ref. 35).  Note: 
Most "quality" submeters on market today that meet AWWA specs have a useful 
life of 15 years but batteries for transmitter generally last only 10 years.  It is 
cheaper to replace the battery, meter, register and transmitter at the same time 
rather than make two replacements.  The cost to do so is not as expensive as the 
original installation and is reported in the study as $125.

Table 11 - Submetering MF Units Program

It is assumed that the City would normally allow master metering of most (est. is 
90%) of the MF units due to multiple unit configuration.  It is proposed that the 
developer could fund submeters for this portion.



On-site:
SF Attached DUs in UDSP (2) 880             
Cost of Demand pump, $/DU (3) $255
Cost of Insulation and extra pipe (4) $95
Total Cost Installed in new DU, $/DU $350
Savings, g/yr/DU (5) 3,900          
Savings, gpd 10.7            
Total Savings, g/yr 3,432,000   
Total Cost to Developer $308,000

Off-site Program:
Target:  SF DU's with hot water runs of more than 40 ft.
SF Dwelling Units in City (6) 10,392        
Estimate Number having hot water runs >40 ft 50%
Target participants 5,196          
Participation rate 30%
Number of Participants 1,559          
Savings per participating home, g/yr (5) 5,200          
Savings, gpd 14.2            
Program Savings, g/yr 8,105,760   
Costs:

Hot water demand pump, hardwire button, receiver and 2 transmitters (buttons) $300
Installation (if electrical outlet available) $75
Installation (if electrical outlet needed) $175
Estimated share of installations w. electrical outlet present 50%
Total Cost if electric outlet available (I.e. kitchen sink) $375
Total Cost if electric outlet needs to be added (bathroom sit.) $475
Avg Installed cost $425
Total Cost of Installations $662,490

Suggested Rebate (7):
Electrical Outlet Available $180
No Outlet Available $230
Average Rebate (8) $205

Net Program cost:
Cost of Rebates $319,554
Administration and Promotion 15%
Total Cost to City including Admin. and promotion $367,487

Notes:

SCWA March, 2003 Water Conservation Report
Rebate set at 48% to provide City with a life cycle B/C of > than 1.0
Assumes 1/2 of homes require an outlet.

(6)
(7)
(8)

(1)

(3)

(4) Includes R4 pipe insulation on hot water loop and all hot water risers plus net amount of extra 

(2)

Table 12 - Hot Water Demand Systems Program (1)

Program design assisted by advice and information provided by Gary Kline, CA Energy 
Commission and Ref's. 38, 39 and 40.

Manufacturer literature states avg. savings for typical household is 9,000 g/yr.  References sited 
in (1) found savings ranging from 3,600 to 12.000 g/DU/yr (Ref. 41 and 42).  Used 5,200 for 
retrofits to be conservative.  Used 75% of that amount for new construction based on the fact that 
new homes in the UDSP are more compact than existing inventory of homes in Rohnert Park.

Includes installation of hot water demand pump with built in sensor installed at hot water heater 
and  three hardwired DC buttons installed on fixture sinks.

(5)

SF Attached and MF DU's are not included - it being assumed that plumbing for these units is 
sufficiently compact and efficient.



Faucets (in public restrooms with 3 or more lavatories)
automatic metering type with flow rate less than 1/4 gallon per cycle 

Commercial Icemakers (2)
air cooled
non-self cleaning type

HE Commercial Clothes Washers (includes coin operated)  (3)
water factor (WF) equal to or greater than 7.5

HE Commercial Dishwashers (4)
Air Conditioning

air cooled
Refrigeration

air cooled
Condensers

air cooled
Car Washes 

recirculating water system
Food Steamers

self-contained connectionless type
Pre-rinse Spay Valves (4)

self-closing valve type
Dental Vacuum

non-water using type (dry vacuum)
X-Ray Film and Photo Processors

equipped with water recirculation device or equivalent
Swimming Pools

equipped with cover
recirculating filter

Wash down (flat surfaces) (5)
water broom

Fountains
recirculating fiter

Landscapes not covered in original development plan
Xeriscape plant materials
ET controller

Notes and Sources:
HE means High Efficiency
(1)

(2) www.cee1.org/com/com-ref/im-specs.pdf
(3) www.cee1.org/com/cwsh/comwash_specs.pdf

www.lightwash.com
(4) www.cuwcc.org/sprayvalves.lasso
(5) www.hammacher.com/publish/10464.asp

Table 13 – List of Required CI Conservation Measures (1)

Not listed, but required are water conservation fixtures and devices 
required by EPAct (1.6 gpf toilets, 1.0 gpf urinals, 2.5 gpm shower hds, 
and 2.2 gpm faucet/aerators (@ 60 psi)).

If use turf in small "highlight" areas, irrigate with subsurface drip irr. 
system



B/C $/af (1) B/C $/af (1)

Residential
High Efficiency Clothes Washers in SF and MF DUs 2.44 $1,002
Structured Plumbing System for SF DUs 1.49 $1,594
Submetering MF DUs 1.01 $1,503
High Efficiency Dishwashers in SF and MF DUs 0.86 $6,312
ET Controllers in SF Detached rear yards 0.34 $3,367

Recycled Water Use (3) 0.27 $962

New Programs (4)
ET Controllers for "Irrigation Only" Accounts (6) 7.14 $72 1.43 $214
High Efficiency Clothes Washers for SF DUs (double rebate) 1.25 $1,925 1.38 $731
Submetering MF DUs 1.43 $1,056 1.08 $823
ET Controllers for upper quartile water using SF DUs (5) 1.86 $274 1.03 $296
Hot Water Demand System for SF DUs 2.22 $1,070 1.00 $985
ET Controllers for Typical SF DUs 0.81 $920 0.31 $993

Existing Rohnert Park WC Program (some examples)
High Efficiency Clothes Washers (single $75 rebate) 1.07 $2,255 2.52 $401
ULFT for SF DUs plus Shower Hd & Faucet/Aerators Best (9) $0 1.18 $680
ULFT CII Accounts (direct-install) Best (9) $0 1.18 $754
ULFT for SF DUs (direct-install) Best (9) $0 1.11 $728
ULFT for SF DUs (rebate) (8) 4.22 $325 0.90 $892

Notes:
(1)

(2)

(3)

(4)

(5)

(6)

(7)
(8)
(9) "Best" from the customer's perspective as there is no out-of-pocket cost to participate.

City's View

ON-SITE MEASURES (2)

These are programs not implemented by the City as of April, 2004 and, except for clothes washer rebates, 
are not required CUWCC BMPs.

PV of all costs divided by the amount of water saved over the useful life of a given measure.  The resulting 
rate is a "macro" comparison of the relative gross expense of a given measure.

When annual use for each SF account is arrayed in descending order, those falling into the top 25% are 
upper quartile users.

$100 per toilet rebate program offered by the City in 1997

Table 14 - Summary of Life Cycle Analyses Results

OFF-SITE MEASURES

Direct-install program offered by the City in 1997.  Costs are based on extensive follow-up report (Ref. 16),  

Irrigation only accounts are generally commercial irrigation of large landscape or turf areas or common area
landscape areas associated with MF units.

In the case of on-site measures, only conservation measures not required by EPAct are evaluated.  All 
additional costs associated with a given measure are includedj.
Benefits are based on value of potable water not used in the entire UDSP due to the use of recycled water 
and the fertilizer value of recycled water - all spread over the total number of DUs.  Costs are based on the 
capital cost of intract project distribution system estimated by MacKay & Somps Civil Engineering to be 
$3.2 million and metered charges for recycled water service from the subregional system (see Table D3).

Customer's View



Per 
Capita 

gcd

Per 
DU  
gpd

% of 
Potable 

Irr.

% of 
Potable 
Inside 
Use g/yr mgd afa %

Total Potable Demand Before Reductions 188,887,641 0.518 580    
On-site Water Conservation

Residential:
Low Flush Toilet (<1.6 gpf)* 10.4 15,989,511   0.044 49.1   37% - -
Low Flow Faucets w. Aerators (<2.2 gpm)* 1.6 2,408,676     0.007 7.4     6% - -
Low Flow Shower Heads (<2.5 gpm)* 2.4 3,689,887     0.010 11.3   9% - -
High Efficiency Clothes Washers 5.5 8,039,862     0.022 24.7   19% 1,610 $346,150
High Efficiency Dishwashers 0.6 896,179        0.002 2.8     2% 1,736 $173,600
ET Controllers - Rear Yards of SF Detached Residential (1) 18% 4,283,884     0.012 13.1   10% 880 $233,200
Submeter MF units 21.8 3,924,392     0.011 12.0   9% 493 $111,828
Structured Plumbing System for SF DUs 10.7 3,432,000     0.009 10.5   8% 880 $308,000
Sub-total 42,664,392   0.117 130.9 100% $1,172,778

Commercial and Outside Potable Irr. In Commercial and Creek & Buffer Areas:
Commercial Inside (2) 15% 889,688        0.002 2.7     66% no est. no est
ET Controllers - Commercial and Creek & Buffer areas (3) 26% 459,019        0.001 1.4     34% 9 $14,075
Sub-total 1,348,706     0.004 4.1     100% $14,075

Total Onsite Water Conservation 44,013,098   0.121 135.1 $1,186,853
On-site Recycled Water Use 44,995,014   0.123 138.1 $3,223,220
Total On-site Savings (Water Conservation plus Recycled Water Use) 89,008,112   0.244 273.2 $4,410,073
Net On-site Potable Water Demand 99,879,528   0.274 306.5 
Cost of on-site programs if spread over all proposed 1736 UDSP DUs, $/DU $2,540
Capital Cost per ac-ft of ongoing savings, $/afa:

On-site water conservation measures (excluding measures mandated by EPAct) $17,639
On-site recycled water $23,342

Resulting "Inside" Per capita savings for On-site DUs
Savings per SF Detached, gcd (4) 24.20
Savings per SF Attached, gcd (5) 20.42
Savings per MF, gcd (6) 30.23
Second Units, gdc (7) 14.95

Notes:
*  Measures mandated by EPAct
(1) 12 Station controllers
(2) Savings from application of "List of Required CI Conservation Measures" as CI development occurs
(3) 24 station controllers
(4) Includes savings from Structured Plumbing Systems (including hot water demand pump).
(5) Does not include savings from Structured Plumbing Systems as plumbing for UDSP SF Attached units are compact and sufficiently efficient.
(6) Includes savings from submetering MF units.
(7) Includes savings from EPAct measures plus HE dishwashers.  Assumes Second units are not equipped with clothes washers.

Savings Parameter Applied

Table 15 - On-site Water Conservation Measures and Recycled Water Use

Amount Saved
Number of 
Appliances 
or Devices  

#    
Capital Cost 

$



Demand Units:  gpd/DU

Inside
Potable 

Irr.
Recycled 

Irr. Total
  SF - Detached 342.1 2.83 68.5 13.3 62.8 144.6 1, 2, 3, 4, 5 197.4 -42%
  SF - Attached 237.8 2.40 49.0 0.0 51.1 100.1 1, 2, 3 137.7 -42%
  MF 182.9 2.00 60.5 0.0 35.9 96.4 1, 2, 3, 6 86.5 -53%
  Second Units 83.6 1.50 22.4 0.0 0.0 22.4 1, 3 61.1 -27%

Demand Units:  gcd
  SF - Detached 120.9 2.83 24.2 4.7 22.2 51.1 1, 2, 3, 4, 5 69.8 -42%
  SF - Attached 99.1 2.40 20.4 0.0 21.3 41.7 1, 2, 3 57.4 -42%
  MF 91.4 2.00 30.2 0.0 17.9 48.2 1, 2, 3, 6 43.3 -53%
  Second Units 55.7 1.50 14.9 0.0 0.0 14.9 1, 3 40.8 -27%

**  On-site Conservation Measure Codes:
     1 - EPAct Measures (EPAct measures are ULFTs, Low Flow Shower Heads and Low Flow Faucets/Aerators)
     2 - HE Clothes Washers (HE means high efficiency)
     3 - HE Dishwashers
     4 - Hot Water Demand Systems
     5 - ET Controllers in rear yards
     6 - Submeters on each MF unit (less 10% of the units that would normally be submetered)

*   Values in this column have been reviewed by the City Engineer for the City of Rohnert Park and the City's 
engineering consultant for the City of Rohnert Park's Water Supply Assessment and have been approved for the 
UDSP.

Table 16 - Before and After Unit On-site Residential Demand 

Unit Demand 
Before Any 

Conservation *
Persons 
per DU

On-site Savings UDSP On-site 
Conservation 
Measures**

Net On-
site Unit 
Demand

Total 
Reduction



Per 
Capita  

gcd
Per DU 

gpd

% of 
Potable 

Irr. g/yr mgd afa %
Offset Requirement: 99,879,528    0.274 307     100%
New Programs to meet offset requirement:

ET Controller Program:
Targeted at Commercial and Other irrigators (1) 26% 15,639,093    0.043 48.0    83             $133,356
Targeted at Upper Quartile SF irrigators (2) 24% 17,444,166    0.048 53.5    491           $205,991
Targeted at Typical SF irrigators (2) 18% 9,176,484      0.025 28.2    866           $363,514
Sub-total for ET Controller Program 42,259,742    0.116 129.7  42% $702,862

Increase Clothes Washer Rebate by $75 for 8 years (3) 5.5 6,298,175      0.017 19.3    6% 1,788        $178,800
Submetering Program 21.8 15,394,408    0.042 47.2    15% 1,935        $628,778
Hot Water Demand Program  (50% rebate) 14.2 8,105,760      0.022 24.9    8% 1,559        $367,487
Sub-total 72,058,085    0.197 221.1  72% $1,877,926

Contribution to Unfunded City Water Cons. Program (4) 27,821,443    0.076 85.4    28% $466,504
Total 99,879,528    0.274 306.5  100% $2,344,430
Cost of off-site programs if spread over all proposed 1736 UDSP DUs, $/DU $1,350
Capital Cost per ac-ft of ongoing savings, $/afa:

Average for New Programs $8,492
Updated Average Capital Cost of City's Current Program $5,464
Melded Cost (weighted average) of Off-site offsets $7,649

Notes:
(1) 24 station controllers
(2) 12 Station controllers
(3)

(4) Additional contribution to City's conservation program in order to achieve "zero footprint" based on updated unit cost of $5,464 (see Table 7 and C1).

Note: State grant is expected to cover the first three years of this program.  Also note that not included in the program cost is the cost due to the 
increased number of grants paid out and the associated admin. costs.  It is assumed this will be provided for in the budget set aside for this program. 

Table 17 - Off-site Water Conservation Programs

Number of 
Appliances 
or Devices  

#    
Capital Cost  

$

Amount SavedSavings Parameter



First Cost
g/yr afa $ $/afa $/ DUs (1)

Reductions due to:
On-site Water Conservation Measures (2) * 44,013,098   135 $1,186,853 $8,787 $684
On-site Recycled Water System (3) 44,995,014   138 $3,223,220 $23,342 $1,857
Sub-total 89,008,112   273 $4,410,073 $16,145 $2,540

Cost of Offset credits for Off-site Conservation 99,879,528   307 $2,344,430 $7,649 $1,350
Totals (4) 188,887,641 580 $6,754,503 $11,652 $3,891

67 $1,186,853 $17,639 $684

Notes:
(1) Total dwelling units in UDSP: 1,736
(2)

(3) Doses not include cost of any off-track pipelines or other facilities.
(4) $/af value is the total first cost / total afa of savings including recycled water use

*  On-site Water Conservaton excluding EPAct savings:

Includes savings due to federally mandated water efficient toilets, shower heads and faucet/aerators 
for residential sites but not costs as these would be required in any event.  Also not included is the 
extra cost of water efficient equipment to be installed by developers of commercial sites (see Table 13 
- Required List of CI Conservation Measures).

Table 18 - Cost of Overall Program

Annual Savings Unit Costs



Conservation Measure

Possible  
"+ or -" 

Error (1)
On-site Savings 

g/yr

Off-site 
Savings       

g/yr
Total Savings   

g/yr
Possible Error  

g/yr (2)
EPAct savings (3) 5% 22,088,075 27,821,443 49,909,518 2,495,476
Clothes Washers 10% 8,039,862 6,298,175 14,338,037 1,433,804
Dishwashers 40% 896,179 0 896,179 358,472
ET Controllers 25% 4,742,903 42,259,742 47,002,645 11,750,661
Submetering 10% 3,924,392 15,394,408 19,318,800 1,931,880
Hot Water Demand 35% 3,432,000 8,105,760 11,537,760 4,038,216
Commercial 20% 889,688 0 889,688 177,938
Totals 44,013,098 99,879,528 143,892,627 22,186,446
Accumulated Potential Error as % of Total 15%
Cost to Implement Off-site Program , $/afa (4) $7,649
                                                          , $/g/yr $0.0235
Cost Adjustment to Conservation Fee to Cover Potential Errors in Estimating (5) $520,773
Notes:
(1) JONWRM's confidence in estimates based on amount of and quality of research data available.
(2) Absolute value (+ value) of possible error x Total Savings
(3)

(4) From Table 17
(5) Total Possible Error (g/yr) x Cost to Implement Off-site Conservation Program ($/g/yr)

Table 19 - Mitigation of Potential Error in Estimating Savings

"Off-site Savings" on this line is set equal to savings expected to result from developer's 
contribution to City's Unfunded Conservation Program (from Table 17).



Calculation of Adjustment to Account for Errors in Estimating:
Total Off-site Program costs $2,344,430
Cost Adjustment to Cover Potential Errors in Estimating $520,773
Adjusted Total Off-site Program cost $2,865,203
Resulting increased average capital cost to achieve Off-site program savings, 4/afa $9,348
Adjusted Cost per DU if spread equally over all 1,736 DUs, $/DU $1,650
Cost per EDU (1) $2,154
Residential
Cost per Type of Residential Dwelling:

Number of 
DUs

Relative 
Demand    

gpd/DU (2)
EDU       

Value (3) Total EDUs
Charge per 
Type of DU

SF-Detached 880 342 1.00            880            $2,154
SF-Attached 182 238 0.70            127            $1,498
MF (includes Mixed DUs) 548 183 0.53            293            $1,151
Second 126 84 0.24            31              $526
Total 1,736 1,330         
Commercial, Industrial and Institutional (CII)

Cost to Charge Commercial and other development, $/EDUs (4) $2,154
Notes:
(1)

(2)
(3)

(4) To determine the total additional water conservation charge for a CII connection in the 
UDSP Area, the process is: (a) determine the average annual demand of the proposed CII 
customer in gpd, (b) divide by 342, and (c) multiply by $2,154.  The resulting fee would be 
assessed each applicant applying for CII service irrespective of the number of meters 
required to serve said CII applicant.

Category                  
(Type of DU)

An Equivalent Dwelling Unit (EDU) has the value of unity and is defined as representing the 
average annual  demand of a typical SF Detached dwelling unit, or, in terms of average 
annual demand, 342 gpd (from Table 4).

Table 20 - Recommended Water Conservation Charges                               

Total demand in gpd per DU before conservation (see Table 4)
Determine by dividing "gpd/DU" value for each type of DU by total demand of a SF 
Detached DU (342 gpd).

to Pay for Offsite Programs
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Fig. 1 - Rain, ET and Applied Water Relationships
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Fig. 2 - Distribution of Annual Demand
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Fig. 3 - Forecast of Total Demand Over the Project Development Period 
(Before reduction for onsite conservation, recycled water or offsite conservation offsets.)
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Fig 4 - Monthly Distribution of Irrigation Demand
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Note:  Recycled water will serve 
61% of all irrigation demand.



Fig. 5 – ET Controller 
 

 

 
 
 

12 Station Residential ET Controller 
 
 
 



Fig. 6 – ET Controller System 
 
 

 
 



Fig. 7 – Hybrid Submeter Installation in MF Unit 
 
 

 

 
 
 

Hybrid AMR submeter installation metering cold water feed line to hot water heater.  
This is called a hybrid installation, because in this example, only hot water use in the MF 
unit is being metered.  If the cold water feed to the entire MF unit came into this hot 
water heater closet the installation would look similar and would measure both cold and 
hot water use. 



Fig.  8 -  Typical Hot Water Demand System Retrofit 
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Fig 9 - Forecast of Total Demand and How Met
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On-site W. C. 0 0 4,723 25,006 43,691 63,348 82,103 109,123 117,250 120,584 120,584 120,584

Recycled 0 6,988 24,005 36,061 47,406 64,865 79,199 102,254 113,092 123,274 123,274 123,274

Temp. Potable 0 10,432 14,580 6,384 8,471 19,428 13,193 0 0 3,611 3,611 0

Potable Offsets 0 1,739 9,655 45,897 79,116 113,215 157,084 225,221 259,796 273,643 273,643 273,643
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Note:  Temporary demand is for "start up" irrigation of native plants adjacent to 
creek corridors.  It is served from potable water system.  Cummulative values 
shown reflect termination of each temporary irrigation increment placed on line 
after two years.

53% - Remaining Demand Offset by 
Offsite Conservation Programs

23% -Savings from Onsite  
Water Conservation

24% - Demand met by 
Recycled Water

Some Park and Open 
Space irrigation 
commences in 2005.  
Demand from first 
occupancies does not 
commence until 2006.



 

 
 
 
 
 
 
 
 
 
 

Appendix A 
 
 

Water Demand Calculation 

 



 

Supporting tables and data for calculating water demand for the UDSP is covered in this appendix.   
 
A breakdown of development area uses by category including units per category and commercial 
development areas, ownership, and landscape area is presented in Table A1.  A detailed breakdown of 
residential landscape areas into “turf” and “other” irrigated area and “front” and “back” yard use and 
common irrigated areas is shown in Table A2.  Turf area was separated out as it has a higher irrigation 
demand than other types of plantings.  Front and back yard areas were separated so potable vs. recycled 
water demand could be determined for SF units.  Irrigated area in the park and open space areas of the 
UDSP is shown in Table A3.  Per capita demand factors are contained in Table A4.   Inside and outside 
residential demand is calculated and shown in Tables A5 and A6.  Distribution of potable irrigation 
demand areas is shown in Table A7 and calculations of potable irrigation demand and recycled demand 
are contained in Tables A8 and A9.  Lastly, temporary potable irrigation needs are shown in Table A10. 
 
A forecast for installing park and open space area irrigation and the build-out schedule is shown in Tables 
A11 and A12 respectively.  Table A13 contains a consolidated forecast and shows how demand is 
reduced by on-site conservation, replaced by on-site recycled water use and offset by proposed off-site 
conservation programs. 
  
 
 

 



Commercial

Front Rear Total Units Units Units sf %
Single-Family Detached Residential:

Avg. Lot Area, sf
Medium 1 3,330 718 764 1,482 222 329,004 113 167466 335 496,470
Medium 2 4,500 886 1,084 1,971 202 398,061 0 0 202 398,061
Low 5,000 1,166 1,226 2,392 240 574,080 78 186576 318 760,656
Estate 17,000 3,200 1,700 4,900 25 122,500 0 0 25 122,500
Sub-Total 689 1,423,645 191 354,042 880 1,777,687 73%

High-Density (HD) and Mixed Residential:
HD# Site Area, sf (4)

HD1+HD2 (MF) 200,779 154 109,160
HD3 (MF) 109,258 40 48,237
HD4 (MF) 147,556 60 51,181
HD5 (MF) 141,856 64 44,587
HD6 (SF Attached) 273,744 104 125,781
HD7 (SF (Attached) 115,429 78 43,249
NP1 (MF) 77,808 45 29,298
NP2 (MF) 173,109 85 75,272
Mixed (Live/Work) (5) 100 (5)
Sub-Total 730 526,765 0 0 730 526,765 22%

Second Units: 126 (6) 0 (6) 126 (6)
Total Residential: 1,545 1,950,410 191 354,036 1,736 2,304,452
Commercial Area: 138,560 0 138,560 6%

Total for Developable Area (Residential and Commercial): 1,736 2,443,012 100%
Notes:
(1) Landscaped areas for these properties is assumed to be the same as corresponding housing density types in the "UD LLC and Valley Oaks" development area
(2) Commercial acreage (excluding roads and including Plaza): 13.83

Portion that is landscaped: 23%
(3) See Table 1 for Housing Density Classification definitions
(4) Does not include street and alley areas.
(5) Landscape area for Live/Work units is included in commercial landscape area.
(6) Landscape area for second units is included in associated residential category.

Density Class (3)

Table A1 - Developable Area Categories and Landscape Areas

Lot Landscape Area, sf
UD LLC & Vast Oaks

Gee, CRPUSD and 
Abu Halawa

Landscape Area
Totals

Landscape 
Area, sf

Landscape 
Area, sf (1)

Landscape 
Area, sf (2)



Distribution of Irrigated Area by Type Residence:

Density Class
UD LLC & 

VO
Other 

Subdivisions Total Front Yard Rear Yard
Front 
Yard

Rear 
Yard

Single Family:
Medium 1  222 113 335 359 504 359 260
Medium 2 202 0 202 443 716 443 369
Low 240 78 318 583 809 583 417
Estate 25 0 25 1,600 1,122 1,600 578
Sub-Total 689 191 880
Mean Weighted Average (excludes Estate homes) 462 668 462 344

UD LLC & 
VO

Other 
Subdivisi

ons (3) Total Percent
Single Family:

Front Yard Turf 8.01 1.97 9.99 50%
Front Yard Other 8.01 1.97 9.99 50%
Total Irrigated Landscape in Front Yard 16.03 3.95 19.98 100%
Rear Yard Turf 10.99 2.76 13.75 66%
Rear Yard Other 5.66 1.42 7.08 34%
Total Irrigated Landscape in Rear Yard 16.65 4.18 20.83 100%
Total Irrigated SF Residential Landscape 32.68 8.13 40.81

High Density (Common Irrigated Areas):
Turf area 7.26 0.00 7.26 60%
Other Irrigated Landscape 4.84 0.00 4.84 40%
Total Irrigated HD Residential Landscape 12.09 0.00 12.09 100%

Notes:
(1) Does not include second units.
(2) Shrubs, flowers, ground covers, and included trees
(3) Gee, CRPUSD and Abu-Halawa properties

Irrigated Landscape Area, acres
Summary of Irrigated Landscape:

Dwellings (1)

Table A2 - Distribution of Residential Landscape

Turf Area, sf
Other Irr. 

Landscape, sf (2)



Total of Permanent
Total Year and Temporary

Area, ac Installed (6) % ac % ac % ac % ac % ac % ac Irrigated, ac
Park Areas:

UD LLC 1.29 2005 80% 1.03 70% 0.72 30% 0.31 0% 0.00 1.03
VO2 7.64 2006 70% 5.35 70% 3.74 30% 1.60 0% 0.00 5.35
VO5 4.32 2009 50% 2.16 50% 1.08 50% 1.08 0% 0.00 2.16
CRPUSD 3.38 2013 70% 2.37 70% 1.66 30% 0.71 0% 0.00 2.37
Gee 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Abu-Halawa 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Sub-Total 16.63 10.91 7.20 3.70 0.00 10.91

Open Space (Wetland) Areas (7):
UD LLC 1.82 2005 0% 0.00 0% 0.00 0.00
VO4 15.04 2005 0% 0.00 0% 0.00 0.00
VO5 11.21 2005 0% 0.00 0% 0.00 0.00
Sub-Total 28.07 0.00 0.00 0.00

Trail Areas:
UD LLC 0.40 2005 75% 0.30 10% 0.03 90% 0.27 0% 0.00 0.30
VO1 0.55 2005 75% 0.41 10% 0.04 90% 0.37 0% 0.00 0.41
VO2 1.57 2006 75% 1.18 10% 0.12 90% 1.06 0% 0.00 1.18
VO3 0.68 2007 75% 0.51 10% 0.05 90% 0.46 0% 0.00 0.51
VO4 0.17 2008 75% 0.13 10% 0.01 90% 0.11 0% 0.00 0.13
VO5 0.74 2009 75% 0.56 10% 0.06 90% 0.50 0% 0.00 0.56
CRPUSD 0.46 2013 75% 0.35 10% 0.03 90% 0.31 0% 0.00 0.35
Gee 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Abu-Halawa 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Sub-Total 4.57 3.43 0.34 3.08 0.00 3.43

Structural Buffer Areas:
UD LLC 1.15 2005 50% 0.58 10% 0.06 90% 0.52 0% 0.00 0.58
VO1 2.39 2005 50% 1.20 10% 0.12 90% 1.08 0% 0.00 1.20
Sub-Total 3.54 1.77 0.18 1.59 0.00 1.77

Creeks & Buffer Areas (8):
UD LLC 6.81 2005 10% 0.68 20% 0.14 80% 0.54 60% 4.09 20% 0.82 80% 3.27 4.77
VO1 1.54 2005 10% 0.15 20% 0.03 80% 0.12 60% 0.92 20% 0.18 80% 0.74 1.08
VO2 3.32 2006 10% 0.33 20% 0.07 80% 0.27 60% 1.99 20% 0.40 80% 1.59 2.32
VO3 1.79 2007 10% 0.18 20% 0.04 80% 0.14 60% 1.07 20% 0.21 80% 0.86 1.25
VO4 4.99 2008 10% 0.50 20% 0.10 80% 0.40 60% 2.99 20% 0.60 80% 2.40 3.49
VO5 10.56 2009 10% 1.06 20% 0.21 80% 0.84 60% 6.34 20% 1.27 80% 5.07 7.39
CRPUSD 2.89 2013 10% 0.29 20% 0.06 80% 0.23 60% 1.73 20% 0.35 80% 1.39 2.02
Gee 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Abu-Halawa 0.00 na 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0% 0.00 0.00
Sub-Total 31.9 3.19 0.64 2.55 19.14 3.83 15.31 22.33

Total 84.71 19.29 8.36 10.93 19.14 3.83 15.31 38.43
Notes:
(1) It is assumed that all of the irrigated area in Non-developed area (both permanent and temporary), with the exception of the buffer areas adjacent to creeks, 

can be served by recycled water system.
(2) Temporary Irrigation required for up to two years.
(3) Includes ground covers.
(4) Long grasses are located in swale areas.
(5) Mainly native plants.
(6) Year landsacking installation commences (often thakes up to two years before installaition is commpleted and/or site is opened to public).
(7) Wetlands consultant states no irrigation water is needed for the establishment or long term maintenance of the wetlands and upland areas.
(8) Creek restoration consultant states all creek and buffer areas will need up to two years of temporary irrigation, only the areas adjacent to the trails or development will receive

permanent irrigation.  The irrigation water for this area will be provided by the potable water system to satisfy the requirements of the North Bay Regional Water Quality Control Board.

Served by Temporary Irrigation System (2)
Long Grasses (4) Shrubs/Trees (5)

Table A3 - Landscape in the Park and Open Space Areas (1)

Perm. Irrigated Turf Shrubs/Trees (3) Temp. Irrigated
Served by Permanent Irrigation System



Dwelling Population Density (1) 
Pop/DU

SF Detached 2.83
SF Attached (2) 2.40
MF (3) 2.00
Second 1.50

Inside Percapita Demand, gpd
gcd

SF Detached (2) 72.5
SF Attached (3) 72.5
MF (4) 69.0
Second Units (5) 55.7

Notes:
(1) Source: 2000 Census data
(2) AWWA Residential End Use Study, 1999 (Ref. 3)
(3)

(4)

(5)

Principally configured as Triplexes (HD6 and HD7 
categories).  Assumed same as SF Detached.
High Density MF units including Mixed (Live/Work) units.  
Percapita demand assumed same as for apartment use 
metered in Petaluma (Water Conservation Review, City of 
Petaluma, Aug 2000 by JONWRM plus confirmation 
obtained for City of Santa Rosa apartment use (Santa Rosa 
Utility Dept., Mar 2004).

Assumed equal to apartment use.  Apartment Use Source: 
US Depart. of Housing and Urban Development, Overview 
of Retrofit Strategies - A Guide for Apartment Owners, May 
2002

Table A4 - Residential Demand Factors



Units gpd Units gpd Units gpd
Single Family 

Medium 1 2.83 222 45,549 113 23,185 335 68,734
Medium 2 2.83 202 41,445 0 0 202 41,445
Low 2.83 240 49,242 78 16,004 318 65,246
Estate 2.83 25 5,129 0 0 25 5,129
Sub-Total 689 141,366 191 39,188 880 180,554

Second 1.50 126 10,527 0 0 126 10,527
High Density

HD1+HD2 (MF) 2.00 154 21,252 0 0 154 21,252
HD3 (MF) 2.00 40 5,520 0 0 40 5,520
HD4 (MF) 2.00 60 8,280 0 0 60 8,280
HD5 (MF) 2.00 64 8,832 0 0 64 8,832
HD6 (SF Attached) 2.40 104 18,096 0 0 104 18,096
HD7 (SF (Attached) 2.40 78 13,572 0 0 78 13,572
NP1 (MF) 2.00 45 6,210 0 0 45 6,210
NP2 (MF) 2.00 85 11,730 0 0 85 11,730
Mixed (Live/Work) 2.00 100 13,800 0 0 100 13,800
Sub-Total 730 107,292 0 0 730 107,292

Total - Units 1,545 191 1,736
Total - gpd 259,185 39,188 298,373

UD LLC & VO
Other 

Subdivisions Total

Table A5 - Inside Residential Demand

House-  
hold 

Density



Inside Recycled
gcd Inside Irrigation Sub-Tot Irrigation Total

Single Family Detached
Medium 1 2.83 72.5 205 55 260 46 306
Medium 2 2.83 72.5 205 78 283 56 339
Low 2.83 72.5 205 88 293 74 367
Estate 2.83 72.5 205 122 327 203 530
Wt'd Average 205 74 279 63 342

Second 1.50 55.7 84 0 84 0 84
High Density

SF - Attached 2.40 72.5 174 13 187 51 238
MF & Mixed 2.00 69.0 138 9 147 36 183
Wt'd Average 147 10 157 40 197

Avg Medium 205 64 269 50 318

Potable

Table A6 - Outside Residential Demand

gpdHouse- 
hold 

Density



% Turf Other (1) Total % Turf Other (1) Total
Development Areas

SF Residential (front yards) 100% 9.99 9.99 19.98 0% 0.00 0.00 0.00
SF Residential (rear yards) 0% 0.00 0.00 0.00 100% 13.75 7.08 20.83
High Density Residential 80% 5.80 3.87 9.67 20% 1.45 0.97 2.42
Commercial (2) 90% 0.00 2.86 2.86 10% 0.00 0.32 0.32
Sub-Total 15.79 16.72 32.51 15.20 8.37 23.57

Park and Open Space Areas
Parks 100% 7.20 3.70 10.91 0% 0.00 0.00 0.00
Open Space (Wetlands) 100% 0.00 0.00 0.00 0% 0.00 0.00 0.00
Trail Areas 100% 0.34 3.08 3.43 0% 0.00 0.00 0.00
Structural Buffer Areas 100% 0.18 1.59 1.77 0% 0.00 0.00 0.00
Creeks & Buffer Areas 0% 0.00 0.00 0.00 100% 0.64 2.55 3.19
Sub-Total 7.72 8.38 16.10 0.64 2.55 3.19

Total Permanent Irrigation 23.52 25.10 48.62 15.84 10.92 26.76

Turf Other (1) gpd Turf Other (1) gpd
Park and Open Space Areas

Parks 23% 19% 5,466 0% 0% 0
Open Space (Wetlands) 0% 0% 0 0% 0% 0
Trail Areas 10% 10% 640 0% 0% 0
Structural Buffer Areas 0% 0% 0 0% 0% 0
Creeks & Buffer Areas 0% 0% 0 9% 9% 602

Notes:
(1) Shrubs, trees, ground covers
(2) Commercial areas surround the Plaza.  Plaza landscape is included in "Parks" category.

Table A7 - Distribution of Permanent Irrigation and Recycled Irrigation Areas
Recycled, ac Potable, ac

Recycled Potable
Other Property (CRPUSD, Gee, Abu-Halawa) Share of Total Parks and Open Space Area Irr.



Turf (1) Other Irr. (2) Total
Landscape Irrigated with Recycled Water, ac:

High Efficiency Areas - Parks (3): 7.20 3.70 10.91
Lower Efficiency Areas:
   SF Residential (front yards), ac 9.99 9.99 19.98
   High Density Residential, ac 5.80 3.87 9.67
   Commercial. ac 0.00 2.86 2.86
   Trail Areas. ac 0.34 3.08 3.43
   Structural Buffer Areas. ac 0.18 1.59 1.77
   Sub-total 16.31 21.40 37.71

Total Permanent Irrigation Area, ac 23.52 25.10 48.62
Annual Demand (Applied Water Requirement (AWR):

Effective ET (ETo less effective rainfall), inches/yr (4) 32.8
Landscape coefficient, KL (5) 0.80 0.50
Overall System Efficiencies, %:

Applicable in Park areas 75% 75%
Applicable in all other areas 50% 75%

Net Unit AWR - inches/yr
Applicable in Park areas 34.99 21.87
Applicable in all other areas 52.48 21.87

Total AWR - afa
Park Areas 21.0 6.7
All Other Areas 71.3 39.0
Total - afa 92.3 45.7 138.1
          - MG/yr 45.0

Unit Demand for Residential Areas, gpd/sf
Applicable in Park areas 0.0598 0.0373
Applicable in all other areas 0.0896 0.0373

Unit Demand for Residential Areas, af/yr
Applicable in Park areas 2.92 1.82
Applicable in all other areas 4.37 1.82

Monthly Distribution of Irrigation Demand:
Month days Distribution (6) af mgd gpd

Jan 31 1.0% 1.4 0.01 14,514
Feb 28 0.8% 1.1 0.01 12,856
Mar 31 2.3% 3.2 0.03 33,383
Apr 30 5.5% 7.6 0.08 82,490
May 31 9.8% 13.5 0.14 142,242
Jun 30 14.7% 20.3 0.22 220,474

Pk Mo Jul 31 17.9% 24.6 0.26 259,083
Aug 31 17.6% 24.2 0.25 254,728
Sep 30 15.1% 20.9 0.23 226,474
Oct 31 10.0% 13.8 0.15 145,144
Nov 30 4.0% 5.5 0.06 59,993
Dec 31 1.4% 1.9 0.02 20,320

Total 365 100.0% 138.1
Average Annual > 0.12 123,273
Notes:

(1) Served by turf sprinkler irrigation systems
(2)

(3) Sprinkler systems efficiencies are much lower for residential size turf parcels.
(4)

(5)

(6) Based on analysis of City of Santa Rosa's water irrigation meters over a six year period (1995 - 2000),  (Ref. 2)

Table A8 - Recycled Irrigation Demand

10 year average, 1991 - 2000, from the California Irrigation Mgt. Info. System, taking effective rainfall into account.  
as reported in City of Santa Rosa's Incremental Recycled Water Program (IRWP), Draft EIR, Tech. Memo 4 (Ref. 2)

Mainly water conserving shrubs, ground covers and trees.  Served by bubblers, drip and micro-spray irrigation 
systems.

KL is the landscape coefficient:  0.80 for cool season grasses, and 0.50 for drought tolerant and Mediterranean plants.



Turf (1) Other Irr. (2) Total
Landscape Irrigated with Potable Water, ac:

SF Residential (rear yards) 13.75 7.08 20.83
High Density Residential 1.45 0.97 2.42
Commercial 0.00 0.32 0.32
Creeks & Buffer Areas 0.64 2.55 3.19

Total Permanent Irrigation Area, ac 15.84 10.92 26.76
Annual Demand (Applied Water Requirement (AWR):

Effective ET (ETo less effective rainfall), inches/yr (3) 32.8
Landscape coefficient, KL (4) 0.80 0.50
Overall System Efficiencies, %: 50% 75%
Net Unit AWR - inches/yr 52.48 21.87
Total AWR:

- afa 69.3 19.9 89.2
- MG/yr 29.1

Unit Demand, gpd/sf 0.090 0.037

Monthly Distribution of Irrigation Demand:
Month days Distribution (5) af mgd gpd

Jan 31 1.0% 0.9 0.01 9,373
Feb 28 0.8% 0.7 0.01 8,301
Mar 31 2.3% 2.1 0.02 21,557
Apr 30 5.5% 4.9 0.05 53,267
May 31 9.8% 8.7 0.09 91,851
Jun 30 14.7% 13.1 0.14 142,369

Pk Mo Jul 31 17.9% 15.9 0.17 167,300
Aug 31 17.6% 15.6 0.16 164,489
Sep 30 15.1% 13.5 0.15 146,243
Oct 31 10.0% 8.9 0.09 93,726
Nov 30 4.0% 3.6 0.04 38,740
Dec 31 1.4% 1.2 0.01 13,122

Total 365 100.0% 89.2
Average Annual > 0.08 79,603
Notes:
(1) Served by turf sprinkler irrigation systems
(2)

(3)

(4)

(5)
Based on analysis of City of Santa Rosa's water irrigation meters over a six year period (1995 - 2000).  (Ref. 2)

Table A9 - Potable Irrigation Demand

Mainly water conserving shrubs, ground covers and trees.  Served by bubblers, drip and micro-spray irrigation 
systems.
10 year average, 1991 - 2000, from the California Irrigation Mgt. Info. System, taking effective rainfall into account.  
as reported in City of Santa Rosa's Incremental Recycled Water Program (IRWP), Draft EIR, Tech. Memo 4. (Ref. 
2)

KL is the landscape coefficient:  0.80 for cool season grasses, and 0.50 for drought tolerant and Mediterranean 
plants.



Turf (1) Other Irr. (2) Total
Creeks & Buffer Areas (3):

UD LLC 0.82 3.27 4.09
VO1 0.18 0.74 0.92
VO2 0.40 1.59 1.99
VO3 0.21 0.86 1.07
VO4 0.60 2.40 2.99
VO5 1.27 5.07 6.34
CRPUSD 0.35 1.39 1.73
Gee 0.00 0.00 0.00
Abu-Halawa 0.00 0.00 0.00
Total 3.83 15.31 19.14

Annual Demand (Applied Water Requirement (AWR):
Effective ET (ETo less effective rainfall), inches/yr (4) 32.8
Landscape coefficient, KL (5) 0.80 0.50
Overall System Efficiencies, %: 50% 75%
Net Unit AWR - inches/yr 52.48 21.87
Total AWR:

- afa 16.7 27.9 44.6
- MG/yr 14.5

Unit Demand, gpd/sf 0.090 0.037

Monthly Distribution of Irrigation Demand:
Month days Distribution (6) af mgd gpd

Jan 31 1.0% 0.1 0.00 1,529
Feb 28 0.8% 0.1 0.00 1,354
Mar 31 2.3% 0.3 0.00 3,517
Apr 30 5.5% 0.8 0.01 8,690
May 31 9.8% 1.4 0.01 14,985
Jun 30 14.7% 2.1 0.02 23,227

Pk Mo Jul 31 17.9% 2.6 0.03 27,294
Aug 31 17.6% 2.6 0.03 26,835
Sep 30 15.1% 2.2 0.02 23,859
Oct 31 10.0% 1.5 0.02 15,291
Nov 30 4.0% 0.6 0.01 6,320
Dec 31 1.4% 0.2 0.00 2,141

Total 365 100.0% 14.5
Average Annual > 0.04 39,855
Notes:

(1) Served by turf sprinkler irrigation systems
(2)

(3)

(4)

(5)

(6)

KL is the landscape coefficient: 0.80 for cool season grasses, and 0.50 for drought tolerant and Mediterranean 
plants.

Based on analysis of City of Santa Rosa's water irrigation meters over a six year period (1995 - 2000).  (Ref. 2)

Creek restoration consultant states this portion of creek and buffer areas will only need up to two years of 
irrigation.

Table A10 - Temporary Irrigation Areas (Irrigated w. Potable Water)

Mainly water conserving shrubs, ground covers and trees served by bubblers, drip and micro-spray irrigation 
systems.

10 year average, 1991 - 2000, from the California Irrigation Mgt. Info. System, taking effective rainfall into 
account.  as reported in City of Santa Rosa's Incremental Recycled Water Program (IRWP), Draft EIR, Tech. 
Memo 4. (Ref. 2)



Park Areas:
UD LLC 2005 1.29 2,384 2,384
VO2 2006 7.64 12,354 12,354
VO5 2009 4.32 4,568 4,568
CRPUSD 2013 3.38 5,466 5,466
Gee na 0 0 0
Abu-Halawa na 0 0 0
Sub-Total 16.63 24,771 24,771

Open Space (Wetland) Areas: 0
UD LLC 2005 1.82 0 0
VO4 2005 15.04 0 0
VO5 2005 11.21 0 0
Sub-Total 28.07 0 0

Trail Areas: 0
UD LLC 2005 0.4 556 556
VO1 2005 0.55 765 765
VO2 2006 1.57 2,184 2,184
VO3 2007 0.68 946 946
VO4 2008 0.17 236 236
VO5 2009 0.74 1,029 1,029
CRPUSD 2013 0.46 640 640
Gee na 0 0 0
Abu-Halawa na 0 0 0
Sub-Total 4.57 6,356 6,356

Structural Buffer Areas:
UD LLC 2005 1.15 1,066 1,066
VO1 2005 2.39 2,216 2,216
Sub-Total 3.54 3,283 3,283

Creeks & Buffer Areas:
UD LLC 2005 6.81 1,418 8,508
VO1 2005 1.54 321 1,924
VO2 2006 3.32 691 4,148
VO3 2007 1.79 373 2,236
VO4 2008 4.99 1,039 6,234
VO5 2009 10.56 2,199 13,193
CRPUSD 2013 2.89 602 3,611
Gee na 0 0 0
Abu-Halawa na 0 0 0
Sub-Total 31.9 6,642 39,855

Total 84.71 41,053 39,855 34,410

Table A11 - Schedule for Installing Landscape in Park and Open Space Areas

Year To 
Be 

Installed

Total 
Area    
ac

Perm. 
Potable Irr 
Demand, 

gpd

Temp. 
Potable 

Irr. 
Demand, 

gpd
Recycled. 

gpd



Year Comes Total
on Line Estate Low Medium High Mixed Second Estate Low Medium High Mixed Units Commercial Hotel
2005 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2006 0 0 18 40 0 10 0 0 0 0 0 68 0 0
2007 0 0 120 120 10 42 0 0 0 0 0 292 0 0
2008 0 0 84 145 30 10 0 0 0 0 0 269 0 0
2009 0 0 64 159 60 0 0 0 0 0 0 283 0 0
2010 0 71 62 92 0 21 0 0 24 0 0 270 50,000 0
2011 14 135 72 72 0 43 0 0 53 0 0 389 50,000 0
2012 11 34 4 2 0 0 0 30 36 0 0 117 50,000 50,000
2013 0 0 0 0 0 0 0 48 0 0 0 48 50,000 0
2014 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Totals, Units 25 240 424 630 100 126 0 78 113 0 0 1736
Totals, sq-ft 200,000 50,000
Notes:

Table A12 - Schedule for Developed Area Build-out (1)
(Does not include recycled water demand on parks, parkways and common areas)

(1)  Includes 6 month shift from acquisition of building permit to actual water use.  Conservation fees are therefore paid 6 months in advance of 
expected demand.

Commercial, sq-ftUD LLC and VO Residential Units Other Residential Units



Data for Fig 9
Recap of Consolidated Demand Forecast, gpd

Year Recycled
Temp 
Pot

Perm 
Pot

Onsite 
WC Total Year Recycled

Temp 
Pot. (1)

Potable 
Offsets 

(2)

Onsite 
WC

2004 0 0 0 0 2004 0 0 0 0
2005 6,988 10,432 1,739 0 2005 6,988 10,432 1,739 0
2006 17,017 4,148 7,916 4,723 2006 24,005 14,580 9,655 4,723
2007 12,055 2,236 36,242 20,283 2007 36,061 6,384 45,897 25,006
2008 11,345 6,234 33,219 18,685 2008 47,406 8,471 79,116 43,691
2009 17,459 13,193 34,099 19,657 2009 64,865 19,428 113,215 63,348
2010 14,334 0 43,869 18,754 2010 79,199 13,193 157,084 82,103
2011 23,055 0 68,137 27,020 2011 102,254 0 225,221 109,123
2012 10,838 0 34,575 8,127 2012 113,092 0 259,796 117,250
2013 10,182 3,611 13,846 3,334 2013 123,274 3,611 273,643 120,584
2014 0 0 0 0 2014 123,274 3,611 273,643 120,584
2015 0 0 0 0 2015 123,274 0 273,643 120,584

123,274 39,855 273,643 120,584 557,355 Notes:
Less Temp. Irr. 517,500 (1)   Each temporary demand increment sunsets in 2 years

(2)   Potable Offsets are equal to Net Perm. Pot.  Demand

Consolidated Demand Forecast for UDSP Over the Buildout Period, gpd Continued on next page >
Residential
UD LLC and VO Residential: Other Properties Residential:

Year
Inside 

Pot Irr Pot Irr Recy Pot Recy
Inside 

Pot Irr Pot Irr Recy Pot Recy Pot Recy
2005 0 0 0 0 0 0 0 0 0 0 0 0
2006 10,408 1,541 2,480 11,948 2,480 0 0 0 0 0 11,948 2,480
2007 47,237 8,915 11,110 56,152 11,110 0 0 0 0 0 56,152 11,110
2008 43,791 7,074 11,109 50,865 11,109 0 0 0 0 0 50,865 11,109
2009 45,319 6,239 11,862 51,558 11,862 0 0 0 0 0 51,558 11,862
2010 42,565 11,109 11,979 53,674 11,979 4,924 1,525 1,191 6,449 1,191 60,123 13,169
2011 59,519 18,897 19,262 78,415 19,262 10,874 3,368 2,629 14,242 2,629 92,658 21,891
2012 10,348 4,614 5,028 14,961 5,028 13,542 4,932 4,006 18,473 4,006 33,435 9,034
2013 0 0 0 0 0 9,848 4,230 3,552 14,078 3,552 14,078 3,552
2014 0 0 0 0 0 0 0 0 0 0 0 0
Total 259,185 58,388 72,829 39,188 14,055 11,377

Note: "Pot" means potable 

  
 
  

"Recy means recycled water                                                                    
"Perm" means permanent demand                                                       
"Temp" means temporary (ends in two yrs after starting) demand

Table A13 - Forecast of UDSP Demand and How Met

Cumulative Demand by Type, gpd

Total Res.



Data for Fig ES1 Data for Fig 3

Year Recycled

Temp 
Pot. 
(1)

Potable 
Offsets 

(2)

Onsite 
WC

Year gpd afa
2004 0 0 0 0 2004 -           -      
2005 8 12 2 0 2005 19,159     21       
2006 27 16 11 5 2006 52,964     59       
2007 40 7 51 28 2007 113,348   127     
2008 53 9 89 49 2008 178,683   200     
2009 73 22 127 71 2009 260,856   292     
2010 89 15 176 92 2010 331,579   371     
2011 115 0 252 122 2011 436,598   489     
2012 127 0 291 131 2012 490,139   549     
2013 138 4 307 135 2013 521,111   584     
2014 138 4 307 135 2014 521,111   584     
2015 138 0 307 135 2015 517,500   580     

Notes:
(1)   Each temporary demand increment sunsets in 2 years
(2)   Potable Offsets are equal to Net Perm. Pot.  Demand

Continued from prior page
Commercial Parks & Open Space UDSP Total

Other Hotel Irr Pot Irr Recy Pot Recy Recy Temp Pot
Perm 
Pot Recy

Temp 
Pot

Onsite 
WC *

Perm 
Pot

0 0 6,988 10,432 1,739 6,988 10,432 0 1,739
0 0 14,538 4,148 691 17,017 4,148 4,723 7,916
0 0 946 2,236 373 12,055 2,236 20,283 36,242
0 0 236 6,234 1,039 11,345 6,234 18,685 33,219
0 0 5,597 13,193 2,199 17,459 13,193 19,657 34,099

2,500 1,164 2,500 1,164 14,334 0 18,754 43,869
2,500 1,164 2,500 1,164 23,055 0 27,020 68,137
2,500 6,250 517 1,164 9,267 1,164 640 10,838 0 8,127 34,575
2,500 1,164 2,500 1,164 5,466 3,611 602 10,182 3,611 3,334 13,846

0 0 0 0 0 0
10,000 6,250 517 4,657 16,767 4,657 34,410 39,855 6,642 123,274 39,855 120,584 273,643

Note:

Savings from onsite conservation 0.121 mgd
Total UDSP DU's 1,736
Overall avg. savings per DU 69.46 gpd/DU

* Calculated by multiplying overall average 
savings per DU x number of DU's coming on line 
in a given year.

Table A13 Continued - Forecast of UDSP Demand and How Met

Total Comercial

Annual Demand, afaCumulative Demand by Type, afa



 

 
 
 
 
 
 
 
 
 
 

Appendix B 
 

Recycled Water Storage Requirement 

 



 

Table B1 contains calculation of sewage generated by the UDSP.  On-site water conservation measures 
recommended in this report are assumed to be in place so sewage generated is net of conservation planned 
for the UDSP.  Infiltration and Inflow (I&I) is not estimated or included in the calculation.  Most I&I 
occurs during non-irrigation months and therefore should not affect the storage balance calculation.  
While irrigation of turf in front yards can generate I&I, this would be very much less of an issue in the 
UDSP project which has smaller landscape and turf areas in front yards. 
 
Monthly demand is distributed based on applied water measured in City of Santa Rosa studies (Ref. 2).  
Figure B1 reveals that nearly all of the recycled irrigation demand (93%) is offset by sewage generated by 
the project.  A deficit is calculated for July, August and a piece of September and amounts to a total 
volume of 9.5 af.  In other words, for the UDSP recycled irrigation requirement to achieve a “zero” 
impact on the Subregional Water Reclamation System, an additional 9.5 af of stored winter water is 
required not the 138 af of annual recycled irrigation water demand.      

 



DUs $/DU * Total $
SF 1,062 $2,210 $2,347,020
HD (includes 2nd Units) 674 $1,300 $876,200
Average $1,857
Total 1,736 $3,223,220

*

Table B1 - Cost of Intract Recycled Water System

Preliminary cost estimate by MacKay & Somps Civil Engineering, 
12/15/03.  Costs include only onsite costs and do not include any 
offsite pipelines, reservoirs, pumps, permitting, design, 
contingencies, fees etc. The single family cost is higher due to the 
cost of providing a water meter in each lot rather than an overall 
meter as in the high density areas.  Included is a 30% buffer (20% 
for design, plan check, bonding, staking, inspection and 10% for 
contingency).



Storage Balance:
Attenuation 
Factor (1)

Residential 
Sewage

Commercial 
Sewage 

Month days ratio gpd 1000's g gpd gpd gpd 1000's g gpd 1000's g
Jan 31 0.950 14,514     450               183,560     13,894 197,454      6,121           -               -          
Feb 28 0.970 12,856     360               187,425     14,186 201,611      5,645           -               -          
Mar 31 0.990 33,383     1,035             191,289     14,479 205,768      6,379           -               -          
Apr 30 1.010 82,490     2,475             195,153     14,771 209,925      6,298           -               -          
May 31 1.030 142,242   4,409             199,018     15,064 214,082      6,637           -               -          
Jun 30 1.050 220,474   6,614             202,882     15,356 218,239      6,547           (2,236)          (67)          
Jul 31 1.050 259,083   8,032             202,882     15,356 218,239      6,765           (40,844)        (1,266)     
Aug 31 1.030 254,728   7,897             199,018     15,064 214,082      6,637           (40,647)        (1,260)     
Sep 30 1.010 226,474   6,794             195,153     14,771 209,925      6,298           (16,549)        (496)        
Oct 31 0.990 145,144   4,499             191,289     14,479 205,768      6,379           -               -          
Nov 30 0.970 59,993     1,800             187,425     14,186 201,611      6,048           -               -          
Dec 31 0.950 20,320     630               183,560     13,894 197,454      6,121           -               -          
Total 1,000's of gallons 44,995 75,874         3,090      
Total MG 45                 76                3.09        
Total af 138               233              9.48        

Average gpd 207,846      
Per-cent of Irrigation Demand generated onsite: 93%

Base Monthly Residential Sewage Generated:

DU's
Persons per 

DU
Inside 

Demand

On-site 
Conservation 

(3)   
Net Inside 
Demand

Total Sewage 
Generated 

Before 
Conservation

Reduction 
Due to 

Conservation 

 Net 
Sewage 

Generated 
# # gpd/DU gpd/DU gpd/DU gpd gpd gpd

SF-Detached 880 2.83 205            68 137 180,554 60,268 120,286  
SF-Attached 182 2.40 174            49 125 31,668 8,921 22,747    
MF 448 2.00 138            60 78 61,824 27,090 34,734    
Mixed 100 2.00 138            60 78 13,800 6,047 7,753      
Second 126 1.50 84              22 61 10,527 2,825 7,702      

Sub-total 1,736 298,373 105,152 193,221  
Base Monthly Commercial (4): 16,250 16,250 1,625 14,625    
Total: 314,623 106,777 207,846  
Notes:

(1) Attenuation Factor 10%  < Variance between mid-summer and winter sewage generated from typical dwelling.
(2) Ignores Infiltration and Inflow.  I & I occurs principally in the non-irrigation months.
(3)
(4) For Commercial development, inside savings of 10% are estimated.

From Table 16.

Table B2 - Calculation of Monthly Sewage Generated vs. Recycled Water Demand

Recycled Irrigation 
Demand

Total Sewage Generated 
(2) Storage Required



Fig B1 - Sewage Generated vs. Recycled Demand
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Note:  Sewage generated onsite is sufficient to offset 95% of the 
amount of storage required to serve recycled water to the UDSP. 
The remnant storage requirement is 2,098,000 g or 6.4 af.



 

 
 
 
 
 
 
 
 
 
 

Appendix C 
 

City of Rohnert Park’s Water Conservation Program 
 

 



Measure Total Savings, afa Cost (1)
or Action Description Participation Prog 1 Prog 2 Prog 1 Prog 2 Notes

1 Residential Water Surveys 20% 20 20 51,135 51,135
2 Residential Device Retrofit n.a. n.a. (2)
3 System Audit & Leak/Repair n.q. n.q. (3)
4 Metering 100% 900 900 3,869,218 3,869,218
5 Large Landscape - Surveys (> 3 acres) 37% 40 40 192,413 192,413

- Irr System Upgrades 5% 2 2 15,260 15,260
- Landscape Ordinance 90% 30 30 39,018 39,018 (4)

6 Rebates for High-efficiency Clothes Washers (5)
7 Public Information Program n.a. n.a. (6)
8 School Education Program (K -> 8th grades) n.a. n.a. (6)
9 CII Programs - Surveys Indoor 4% 10 10 47,418 47,418

- Surveys Outdoor 14% 20 20 107,633 107,633
- Incentives: CULFT, shower heads 40% 240 240 213,985 213,985

10 Wholesale Agency (SCWA) Assistance n.a. n.a.
11 Conservation Water Rates n.q. n.q.
12 Conservation Coordinator n.a. n.a.
13 Prohibit Water Waste n.q. n.q.
14 Residential ULFT Replacement 25% 150 150 681,856 681,856 (7)
15 Water Efficient Landscape/Irr. Incentives 10% - 67% 50 60 155,123 155,123 (8)
16 Irrigation Advisory Service 100% n.a. 150 39,138 (9)
17 Appliance Incentives (mainly clothes washer incentives 25% n.a. 80 324,071 (9)

  Total Savings (Rounded as appearing in Montgomery-Watson Study) 1,450 1,700
   PV 1995 Cost estimated reported in Montgomery-Watson Study $5,373,061 $5,736,269 (1)
   Savings and Net PV Costs (1995) after deducting metering savings 550 800 $1,503,843 $1,867,051
   Actual Savings Assigned to City and adjusted Net PV Costs (1995) 600 $1,640,556 n.a. (10)
   Updated Estimates Based on More Recent Experience $2,510,051 $2,856,588 (11)
   PV 2004 Cost Estimate (Revised costs adjusted to 2004) $3,278,263 $3,730,860 (12)
   Overall Increase over 1995 Estimates - $ $1,637,707 $1,863,809
   Resculting PV Cost to accomplish acre-ft of savings - $/afa $5,464 $4,664
Definitions:

n.a. = not applicable
n.q. = not quantified

Notes:
(1) Present Value (1995) of Costs as reported in Montgomery-Watson Study (Tables E-7 & E-1)
(2) Assumed by Montgomery-Watson Study to have mostly already occurred.

(3)
(4) Applicable to new construction.
(5) Included in  Measure 17.  This was not a BMP in 1995.
(6) Expenditures for this measure are not quantified or are made by SCWA and are not expensed directly to Water Contractor
(7) Applicable to existing customers only.
(8) Participation range varies depending whether resident is SF or MF or new or existing.
(9) Apply only to Program 2.
(10) Actual savings goal set forth in agreements with SCWA (excludes metering savings).  Costs obtained by interpolation.
(11)

(12) Net 1995 PV Costs were escalated to 2004 by applying increase in SF Bay Area CPI Index.

Table C1 - Savings and Costs of City of Rohnert Park’s Water Conservation Program Based on 1995 Montgomery-Watson 
Water and Wastewater Efficiency/Avoided Cost Study

A detailed analysis of the MW Report for the City of Petaluma (Ref. 5) indicated that unit costs to accomplish conservation
were  53% greater than estimated in the MW Report.  Program elements for Petaluma are essentially the same for 
Rohnert Park except for metering which was excluded from the analysis.

The goal of this measure is to reduce distribution system and meter losses (unaccounted for water) as low as possible 
and not greater than 10%.  Cost is considered a standard practice and therefore is not included.



1 Residential Water Audits
SF (1) - offer/contact 20% of residents/yr
             - achieve 15% participation within 10 yrs (2)
Multi-family - same as for SF

2

SF - each year distribute to 10% of SF units constructed prior to 1992
        - continue until achieve participation of 75% of pre 1992 units 
Multi-family - same as for SF

3 Utility distribution system water audit and leak repair
Annual prescreening audit (3) and, if necessary, full audit.
Goal: maintain unaccounted-for-water to < 10%.

4 Metering
New connections - require meters and bill by volume
Unmetered accounts - within 1 year prepare plan to retrofit meters 
                                    - retrofit meters (10, 24, 42, 64 and 90% by end of 1st through 5th yr respectively
                                    - achieve 100% retrofit within 10 yrs
Mixed use on single meter - evaluate feasibility of retrofitting separate irrigation meters by end of 1st yr

5 Large Landscape Audits
Irrigation Meters - assign ET (4) based water budget (not to exceed 100% of ETo)
                              - achieve 90% coverage within 3 yrs
                              - provide "actual" vs. "budget" tracking with each water bill
Mixed Use CII (5) Meters - offer landscape water audits (20% of such accounts/yr)
                               - achieve 15% participation within 10 yrs
Other - Develop and maintain incentive program for irrigation equipment retrofits.

6 Rebates for High-efficiency Clothes Washers
Offer incentive (not < marginal benefits of water supply) for clothes washers having a water factor < 9.5 (6).
Prior to Jan. 2007, CUWCC will review program based on then current laws and markets.
Goal:  Increase high efficiency clothes washer market share of all sales to 36%.

7 Public Information Program
Within 1 yr, implement active public information program to promote/educate customers about water conservation.

8 School Education Program
Within 1 yr, implement and maintain a school education program.
Appropriate materials shall be distributed to grade levels K-3, 4-6, 7-8, and high school and meet the state education.
framework requirements

9 CII Programs
Identify commercial, institutional and industrial accounts and rank by water use.
Interim program in effect from 2001-04 targeting toilet replacements (3% reduction in potential total ULFT savings) (7)
Offer site audits and incentives annually to at least 10% of CII customers in each category (alternative programs allow
Overall goal is to achieve a 10% reduction in baseline use (total CII use in 1997) within 10 yrs.
Annual reporting of conservation information and use by category required.

10 Wholesale Agency Assistance
Provide financial assistance and technical support for cost-effective BMPs (including certain reporting requirements).
Work with customers to remove any disincentives to conservation due to water shortage allotment policies.

11 Conservation Water Rates

Residential Device Retrofit (2.5 gpm shower heads, 2.2 gpm faucet aerators, toilet flappers and 
displacement devices as needed)

By 2nd yr, adopt conservation pricing for water service (and sewer service if utility provides both).  Conservation 
pricing means: rates in which the unit rate is constant regardless of the quantity used (uniform rates) or increases as 
the quantity used increases (increasing block rates); seasonal rates or excess-use surcharges to reduce peak 
demands during summer months; and/or rates based upon the long-run marginal  cost or the cost of adding the next 
unit of capacity to the system.

Table C2 - Summary of CUWCC Best Management Practices



12 Conservation Coordinator

13 Prohibit Water Waste

14 Residential ULFT Replacement
By 2nd yr, implement ULFT replacement program at least as effective as requiring replacement upon resale

Notes:
(1) SF means single family detached residential customer
(2) Time in yrs is measured from date of singing MOU with CUWCC.  Values given are approximate and generally 

accurate to +/- 1/2 yr since some  BMP schedule criteria is stated with reference to July 1 of some subsequent
yr following signing, etc.

(3) Metered sales plus other verifiable uses divided by total supply into the water system must be < 0.9, otherwise
full-scale system audit is indicated

(4) ET means evapotranspiration.  ETo is the demand of a standardized reference crop of grass.
(5) CII means commercial, institutional and industrial
(6) Water factor = gallons of water required by given machine to wash a cubic-ft of laundry.
(7) Alternative programs achieving same savings permitted.  CUWCC reviewing CII program.  Changes expected in fall 

of 2004.

By 2nd yr, designate a conservation coordinator whose duties shall include: coordination and oversight of 
conservation programs and BMP implementation; preparation and submittal of the BMP Implementation Report; and 
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 Council, including regular attendance at Council meetings; and preparation of the conservation elements of the 
agency’s Urban Water Management Plan

By 2nd yr, implement requirements prohibiting gutter flooding, single pass cooling systems in new connections, 
nonrecirculating systems in all new conveyer car wash and commercial laundry systems, and nonrecycling fountains



Table C3 - Activity Profile of Water Conservation Measures Undertaken by Water Contractors
(This table shows measures undertaken through June 2000.  Asterisk indicates a funded and designed program to be fully implemented by the end of calendar yr 2000.)

No. Water Conservation Measure Notes Cotati FWD Pet. RP SR Sonoma NMWD VOM MMWD Windsor
Share of SCWA Deliveries in water yr 1998-99 > a 1% 1% 16% 5% 39% 4% 13% 5% 13% 1%
Best Management Practices:

1 Residential Surveys - Both Inside and Outside w
SF X
MF X

Residential Surveys - Inside only (SF & MF) b X
2 Residential Plumbing Retrofit c X X X X X X X X X X
3 Leak Detection/Repair

Unaccounted for Water < 10% d X X X X X X X X X
Systemwide Audit performed X X X X X X

4 Meter Water Sales X X X X X X X X X X
5 Large Landscapes

Assign ETo Budgets to Irr Meters * *
Tracking Feedback (with each water bill) * *
Large Landscape Surveys parks, * X * X X
Training for Landscape Professionals X X X * X X

6 Washing Machine Rebates
Energy Utility Rebate available e X X X X X X X X X X
Water Agency Rebate available f X X X X X X X X X X

7 Public Information
Comparative Water Use on each bill X X X X X X X
Bill Stuffers and Offers g X X X X X X X X X X
Handout Information available g X X X X X X X X X X
Speakers and Display(s) available h X X X X X X X X X X
ET hot-line X X * X * X
Internet Water Conservation Info X X X * * X X
Public Service Announcements i X X X X X
Paid or Co-op advertising i X X X * X X
Media Events i X X X X
Contests X X X X X X
Recognition and Award Programs X X

8 School Education Program
K - 1, 2 - 3, and 4 - 6 j X X X X X X X X X X
7 - 8 and High School j



Continued
No. Water Conservation Measure Notes Cotati FWD Pet. RP SR Sonoma NMWD VOM MMWD Windsor

9 CII Programs
CULFT Replacement on Resale of property X *
CULFT Rebates X X X X X
CULFT Direct Installation Program X X schools
CII Survey and Incentive Program(s) * X X
Sanitation Fixture Surveys b X
Coin Operated Rate/incentives available k X

10 Wholesale Agency (SCWA) Assistance k X X X X X X X X N/A X
11 Conservation Pricing

Uniform Commodity rate l X X X X X X
Tiered (escalating) Conservation rate m X X X

12 Conservation Co-ordinator n O C C C O O/C C O/C O O
13 Water Waste Prohibition o X X X X X X X X X X
14 Residential ULFT Replacement Program X

Replacement at Time of Sale of Property X *
Rebates X X X X X X X X
Give-a-way Events p X X X X X X
ULFT Direct-Install X

Other Activities/Measures Above and Beyond BMPS:
15 Large Meter Testing Prog. (at least 1 test/yr) X X X X X
16 Preemptive PB service line replacement q X X X X X X
17 Xeriscape Demo Garden(s) X X X X
18 Incentives for Irrigation Efficiency or Equipment * X residential * X
19 Xeriscape Plant Promotions X
20 Standing Displays r X X X
21 Committed Booth Outreach s X
22 Workshops for Homeowners * X X
23 Water Watch Patrol t X *
24 Incentive for Limiting Turf X
25 Prohibit Narrow Strips of Turf (new development) u * X X X
26 Grants for Youth Conservation Programs X X
27 Post Program Survey and Analysis Reports v X X X * X X
28 HAWs required in new connections X

Water Recycling:
Actual deliveries (acre-ft) - yr 2000 0 0 0 138 200 0 0 0 601
Planned deliveries (acre-ft) - yr 2010 112 50 460 153 600 ** 250 ** 1375



Definitions for Table C3:
C = water contractor contracts with the SCWA for water conservation co-ordinator service. 
CII = Commercial, institutional and industrial
CULFT = commercial ultra low flush toilet (1.6 gpf)
HAW = Horizontal axis (high efficiency) clothes washers
Irr Meters = meters which provide water used primarily for irrigation purposes.
MF = multi-family accounts
O = water contractor has own conservation co-ordinator. 
O/C = collaborative effort of local utility staff and contract SCWA staff.
PB = Polybutylene service lines
SF = Single family detached home accounts
*   Program funded, designed and in process of being implemented by the end of calendar yr 2000.
** feasibility study planned or underway

Notes for Table C3:
a Does not include Other Agency customers which accounted for 1.4% or Surplus (agriculture) customers which accounted for 0.7 %.
b Survey done by customer or plumbing contractor in order to qualify for ULFT/CULFT rebates.
c At various times in the past 25 years, all Water Contractors have distributed water saving kits.  An "x" here verifies that the contractor

has an active current distribution program.
d If UW is > 10%, a system wide audit is required.  Some contractors have performed these even if not required by BMP 2.
e PG& E offers a $75 rebate for high efficiency washing machines.
f SCWA supplements PG&E's rebate with an additional $75.  Application forms are available at point of sale in area stores/outlets and are

processed by a single payout office.
g Available from American Water Works Association and other sources.  SCWA purchases popular items in bulk to obtain quantity

discounts for water contractors.
h Also provided by SCWA.
i Generally coordinated or undertaken by SCWA.
j Provided and coordinated by SCWA.  Materials matriculated for grades K - 6 including a Field Studies Program.  Currently working on

program for Grades 7 through High School.  Lending library has been compiled for all grades and teaches provided notice and access.
k Coin operated washing machines in laundries, multifamily wash rooms and elsewhere
l Prior to the 1980's many Contractors had declining rate structures which were based on the assumption that water supply was not limited

and reflected the economy of scale of delivering larger amounts of water.
m Tiered rates are generally implemented specifically to encourage efficient use of water.
n Code denotes who is primarily responsible for water conservation coordinator duties.  See definitions.
o A Model Water Waste Ordinance was developed by the WAC in spring of 2000. 
p Example:  High School fund raisers with truckload distribution of ULFTs.
q PB service lines prematurely fail and leak.  A number of utilities have implemented preemptive replacement strategies.  If service lines

are predominantly of a different material, this issue does not apply.
r Permanently installed and maintained displays in local nurseries, garden centers, hardware stores, etc. 
s Manned booth outreach that is frequent and committed (such as booth at each local farmer's market event or in an outlet mall, etc.
t High profile, intentional and committed Water Watch Patrol (not just an incidental function of employees in the field).  Example:  Santa Rosa's

Oops Program.
u Applies to new connections only.
v Has performed a post conservation measure follow-up survey and analysis of participants in at least one conservation program.
w NMWD has piloted a program involving 200 full SF audits.



1980 1990 2000
Toilets per DU 

or Site (4) Pre-1992
ULFTs 

Installed (5) %
SF DUs 4,819    8,143       8,960    8,366            2.16 18,071      6,558        36%
MF DUs 2,837    4,396       5,020    4,306            1.20 5,167        2,766        54%
CII sites 800               4.90 3,920        819 21%
Total 27,158      10,143      37%
Avg. program replacements per year 1,503        
Avg. program replacement rate 6%
Notes:
(1) Excludes toilets in Mobile Homes.
(2) City of Rohnert Park Housing Growth (2000 Gen Plan, Table 9.1-1) (Ref. 18)
(3)

(4)

(5)

Toilet Stock

CUWCC defines toilets installed before 1992 as being non-ULFTs  as California's law requiring 1.6 gpf 
toilets predated EPAct and became effective on Jan. 1, 1992.  Residential estimates are from Ref. 17; 
CII estimate is from Ref. 16.
Regarding toilet density, for SF and MF toilets, CUWCC recommendations were used (Ref. 19); for CII 
toilets, Ref. 16 was used.
ULFTS installed pursuant to City's Direct-Install, Rebate and Special Event offerings.  Does not include 
urinals.  (Ref. 17).

Table C4 - Non-ULFT Toilet Stock, City of Rohnert Park (1)

ReplacedDwelling Units (2) Pre-1992 
DU's or      
Sites (3)
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Table D1 – What’s Involved in Typical Submetering Retrofit  
 
 

Labor and Material Components: 
 

1. Labor: Job overseer at Journeyman wage 
2. Labor: Installer: Plumbing assistant 
3. Meter meeting AWWA standards 
4. Transmitter, battery operated (can be built into meter register or be separate unit that attaches to register) 
5. Repeater (Requires 110v outlet.  Use one repeater for every per 35 to 40 units. 
6. Receiver and data concentration unit or personal computer. 

 
Installation procedure: 

 
1.  HVAC closet is usually where water shut-off to unit is located.  Can be tight.  If real tight there may be need 

to cut hole in sheet rock.  “A big hole on a job is 8 inches x  6 inches.”   
2.  Unsweat joints 
3.  Install 90 out   |     Here is where hole cut may be needed.  
4.  Install meter and transmitter  |     
5.  90 in    | 
6.  Install ball valve 
 
 
 
 
 
Source:  Michael Sloup 
   American Water & Energy Savers 
   (Mr. Sloup’s company has done thousands of installations including work in CA) 

  

  
 



Footnotes> (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
Water     
Saved 

(Unless 
otherwise 

noted)    
g/DU/yr     

Useful    
Life       
yrs

Value of 
Water 
Saved    

$/yr

Value  of 
Sewer 

Benefits  
$/yr

Other          
Benefits 

Annual 
Value of 

Other 
Benefits   

$/yr

PV of All  
Benefits   

$

Capital or 
"First" 
Costs     

$

Ongoing 
Annual    
O & M 
Cost      
$/yr

Annual    
Admin.  & 
OH Cost   

$/yr

PV of 
Annual 
Costs     

$

PV of All  
Costs    

$
B/C    

Ratio

Life Cycle 
Cost     
$/af

Residential
High Efficiency Clothes Washers in 
SF and MF DUs 4,994 14 $9 $28 Hot water energy 

saved $16 $525 $215 $0 $0 $0 $215 2.44 $1,002 

High Efficiency Dishwashers in SF 
and MF DUs 516 10 $1 $3 Hot water energy 

saved $7 $86 $100 $0 $0 $0 $100 0.86 $6,312 

ET Controllers in SF Detached rear 
yards 4,868 13 $9 $0 

Convenience, 
scheduling, labor 
saving

$15 $221 $265 $36 $5 $389 $654 0.34 $3,367 

Submetering MF DUs 16) 7,957 20 $14 $45 More equitable 
method of payment $0 $739 $227 $35 $5 $507 $734 1.01 $1,503 

Hot Water Demand for SF DUs 5,200 15 $9 $30 Hot water energy 
saved $16 $568 $350 $3 $0 $31 $381 1.49 $1,594 

Recycled Water Use - per DU (17) 25,919 40 $45 $0 Lower Fertilizer cost $3 $826 $1,857 $61 $9 $1,205 $3,062 0.27 $962 

ET Controllers for "Irrigation Only" 
Accounts (19) 188,810 13 $330 $0 Scheduling Labor.      $80 $3,855 $0 $50 $8 $540 $540 7.14 $72 

ET Controllers for upper quartile 
water using SF DUs (20) 35,546 13 $62 $0 Scheduling Labor $15 $725 $0 $36 $5 $389 $389 1.86 $274 

ET Controllers for Typical SF DUs 10,596 13 $19 $0 Scheduling Labor $15 $315 $0 $36 $5 $389 $389 0.81 $920 
Double Rebate for High Efficiency 
Clothes Washers for SF DUs 5,284 14 $9 $30 Hot water energy 

saved $16 $546 $437 $0 $0 $0 $437 1.25 $1,925 

Submetering MF DUs (16) 7,957 20 $14 $45 $0 $739 $0 $36 $5 $516 $516 1.43 $1,056 

Hot Water Demand for SF DUs 5,200 15 $9 $30 Hot water energy 
saved $16 $568 $220 $3 $0 $36 $256 2.22 $1,070 

Existing Rohnert Park WC Program (some examples)
ULFT for SF DUs (rebate) (21) 10,037 25 $18 $57 $0 $1,054 $250 $0 $0 $0 $250 4.22 $325 
ULFT for SF DUs (direct-install) (22) 10,037 25 $18 $57 $0 $1,054 $0 $0 $0 $0 $0 Best* $0 
ULFT CII Accounts (direct-install) 9,417 20 $16 $54 $0 $874 $0 $0 $0 $0 $0 Best* $0 
Shower Head & Faucet/aerators for 
SF DUs (direct-install) (23) 3,828 5 $7 $22 Hot water energy 

saved $15 $190 $0 $0 $0 $0 $0 Best* $0 

ULFT SF DUs (direct-install) + Sh 
Hds & Faucet/Aerators 13,865 25 $24 $79 Hot water energy 

saved $77 $2,545 $0 $0 $0 $0 $0 Best* $0 

Single $75 Rebate for High Efficiency
Clothes Washers for SF DUs 5,284 14 $9 $30 Hot water energy 

saved $16 $546 $512 $0 $0 $0 $512 1.07 $2,255 

Table D2 - Life Cycle Cost Analysis of Water Conservation Measures - Viewed from Customer's Perspective

New Programs (18)

Measure

ON-SITE MEASURES (15)

OFF-SITE MEASURES



Notes
(1)

(2) Based on author's experience and conservative estimates commonly found in the literature.
(3)

(4)

(5) Only the other benefits specifically noted are taken into account.  
(6)
(7) The present value of annually occurring benefits.  Calculated using a discount rate of 5%.
(8)

(9)
(10 Costs incurred by homeowner's association.  Assumed to be 15% of on-going annual costs.
(11) The present value of annually occurring costs. Calculated using a discount rate of 5%.
(12) Sum of capital (first) costs and PV of annual ongoing costs.
(13) PV of all benefits divided by the PV of all costs.  This ratio is the best way to compare the cost-effectiveness of different measures.
(14) PV of all costs divided by the amount of water saved over the useful life of a given measure.  The resulting rate is a "macro" comparison of the relative gross expense of a given measure.
(15)
(16)

(17)

(18) These are programs not implemented by the City as of April, 2004.
(19) Irrigation only accounts are generally commercial irrigation of large landscape or turf areas or common area landscape areas associated with MF units.
(20) When annual use for each SF account is arrayed in descending order, those falling into the top 25% are upper quartile users.
(21) $100 per toilet rebate program offered by the City in 1997.
(22) Direct-install program offered by the City in 1997. 
(23) It is assumed that installation of shower heads and faucet aerators is done at the same time ULFTs are installed. 

* Best" from the customer's perspective as there is no out-of-pocket cost to participate.

Re. onsite measures, since these are being installed at the time of initial construction, the capital cost is the added cost over and above what a non-conserving measure would cost.  Re. offsite measures, capital 
costs are the costs incurred by the customer to  participate in a given water conservation program.
On-going annual costs to promulgate a given measure. 

In the case of onsite measures, only conservation measures not required by EPAct are evaluated.  All additional costs associated with a given measure are included.

Benefits are based on value of potable water not used in the entire UDSP due to the use or recycled water and the fertilizer value of recycled water - all spread over the total number of DUs.  Costs are based on 
the capital cost of intract project distribution system estimated by MacKay & Somps Civil Engineering to be $3.2 million and metered charges for recycled water service from the SRWS.

For both new construction and retrofits, it is assumed that the meter, register, transmitter and battery are replaced after 10 years due to the typical life of batteries used to power the transmitters.   This is the 
most cost-effective approach, given current technology, and results in a useful life of 20 years for the purpose of this analysis.  The "First Cost" is increased by the PV of the mid-life cycle replacement cost 
estimated to be $125).

See Appendix Table D4 for estimates.

For on-site measures, water saved is the average based on all dwelling units in the UDSP area that a given measure applies to .  For offsite measures, water saved is the average per participating dwelling unit 
with the following two exceptions: (1) the savings shown for ET Controllers for "Irrigation Only" sites is per site, and (2) savings shown for ULFT CII Accounts is per retrofitted toilet.

Set equal to the highest commodity rate charged by the City to its water customers.  For FY 2003-04, once metering of all customers commenced, the City charged a uniform commodity rate of $1.75/1,000 g.  
Since this is an out-of-pocket analysis, the potential savings in delaying construction of expansion projects or avoiding them altogether is ignored.
Set equal to the rate charged by the City to its residential sewer customers which is determined for each customer by periodic observation of metered water use in the winter months (Dec, Jan, Feb and Mar 
billings).  For FY 2003-04 this rate was $5.70/1,000 g.  The potential savings in delaying construction of expansion projects is ignored.



Footnotes> (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Measure

Water     
Saved 

(Unless 
otherwise 

noted)    
g/DU/yr   

Useful    
Life      
yrs

Value of 
Water 
Saved    

$/yr

Value  of 
Sewer 

Benefits  
$/yr

PV of All  
Benefits   

$

Capital or 
"First" 
Costs     

$

Ongoing 
Annual    
O & M 
Cost      
$/yr

Annual    
Admin.  & 
OH Cost  

$/yr

PV of 
Annual 
Costs     

$

PV of All  
Costs     

$
B/C     

Ratio

Life Cycle 
Cost      
$/af

ET Controllers for "Irrigation Only" 
Accounts (14) 188,810 13 $245 $0 $2,300 $1,610 $0 $0 $0 $1,610 1.43 $214 

ET Controllers for upper quartile water 
using SF DUs (15) 35,546 13 $46 $0 $433 $420 $0 $0 $0 $420 1.03 $296 

ET Controllers for Typical SF DUs 10,596 13 $14 $0 $129 $420 $0 $0 $0 $420 0.31 $993 
Double Rebate for High Efficiency 
Clothes Washers for SF DUs 5,284 14 $7 $16 $229 $166 $0 $0 $0 $166 1.38 $731 

Submetering MF DUs (16) 7,957 20 $10 $25 $435 $402 $0 $0 $0 $402 1.08 $823 
Hot Water Demand for SF DUs 5,200 15 $7 $16 $237 $236 $0 $0 $0 $236 1.00 $985 

Existing Rohnert Park WC Program (some examples)
ULFT for SF DUs (rebate) (17) 10,037 25 $13 $31 $620 $687 $0 $0 $0 $687 0.90 $892 
ULFT for SF DUs (direct-install) (18) 10,037 25 $13 $31 $620 $561 $0 $0 $0 $561 1.11 $728 
Shower Hd & Faucet/aerators for SF 
DUs (direct-install) (19) 3,828 5 $5 $12 $73 $50 $0 $0 $0 $50 1.46 $849 

ULFT CII Accounts (direct-install) (18) 9,417 20 $12 $29 $515 $436 $0 $0 $0 $436 1.18 $754 
ULFT SF DUs (direct-install) + Sh Hds 
& Faucet/Aerators 13,865 25 $18 $43 $857 $723 $0 $0 $0 $723 1.18 $680 

Single $75 Rebate for High Efficiency 
Clothes Washers for SF DUs 5,284 14 $7 $16 $229 $91 $0 $0 $0 $91 2.52 $401 

Table D3 - Life Cycle Cost Analysis of Water Conservation Measures - Viewed from the City's Perspective

New Programs (13)



Notes
(1)

(2) Based on author's experience and conservative estimates commonly found in the literature.
(3)

(4)

(5) The present value of annually occurring benefits.  Calculated using a discount rate of 5%.
(6)
(7)
(8)
(9) The present value of annually occurring costs. Calculated using a discount rate of 5%.
(10 Sum of capital (first) costs and PV of annual ongoing costs.
(11) PV of all benefits divided by the PV of all costs.  This ratio is the best way to compare the cost-effectiveness of different measures.
(12)

(13)
(14) Irrigation only accounts are generally commercial irrigation of large landscape or turf areas or common area landscape areas associated with MF units.
(15) When annual use for each SF account is arrayed in descending order, those falling into the top 25% are upper quartile users.
(16)

(17) $100 per toilet rebate program offered by the City in 1997
(18)

(19) It is assumed that installation of shower heads and faucet aerators is done at the same time ULFTs are installed. 

There are no on-going annual administration costs to the City to promulgate a given measure as the recommended program design has assigned these to the participant. 

PV of all costs divided by the amount of water saved over the useful life of a given measure.  The resulting rate is a "macro" comparison of the relative gross expense of a given 
measure.
These are programs not implemented by the City as of April, 2004..

Direct-install program offered by the City in 1997.  Costs are based on extensive follow-up report (Ref. 16),  In calculating table values, it is assumed that 2 toilets per dwelling 
are installed.  Also, the avg. cost per toilet reported in the 1998 study is adjusted for inflation using the SF Bay Area CPI (1.23 adjustment factor) and, further, is increased to 
reflect the following freerider rates found by follow-up customer surveys (Ref. 15 and Ref. 14:  60% for rebate programs, 30% for residential direct-install and 15% for CII direct 
install. 

Water saved is in g/yr and is the average per participating dwelling unit with two exceptions: (1) the savings shown for ET Controllers for "Irrigation Only" sites is per site, and (2) 
the savings shown for ULFT CII Accounts is per toilet. 

Set equal to the highest cost of source water to the City which is water received from the SCWA aqueduct.  For 2004-05, this charge is $1.30/1,000 g.  Since this is an out-of-
pocket analysis, the potential savings in delaying construction of expansion projects or avoiding them altogether is ignored.
Set equal to the cost of sewer service provided to the City from the Subregional System - calculated as  $3.09/1,000 g (See Table D4).  The potential savings in delaying 
construction of expansion projects is ignored.

Capital costs are the costs incurred by the City to implement a given water conservation measure.
There are no on-going annual costs to the City to promulgate a given measure as the recommended program design has assigned these to the participant. 

For both new construction and retrofits, it is assumed that the meter, register, transmitter and battery are replaced after 10 years due to the typical life of batteries used to power 
the transmitters.   This the most cost-effective approach given current technology and results in a useful life of 20 years for the purpose of this analysis.  The "First Cost" is 
increased by the PV of the mid-life cycle replacement cost estimated to be $125).



5%
Marginal Cost of Water

Customer's perspective (City's commodity rate for FY 03-04), $/1,000 g $1.75
City 's perspective (City's out-of-pocket cost for SCWA water, FY 04-05)$/af (2) $423

 $/1,000 g $1.30
Marginal Cost of Sewer Service

Customer's perspective (effective charge rate per City of Rohnert Park billing Dept., FY 03-04), $/1,00 $5.70
City 's perspective (out-of-pocket cost of SWRS service)

Laguna Trt Plant, annual pmt, FY 03-04 (3) $3,859,268
Estimated discharges, mg (4) 1,250
Unit cost, $/af $1,006
Unit cost, $/1,000 g $3.09

Cost of Recycled Water Service
Meter reading and billing, $/yr (5) $27
Uniform commodity charge, $/1,000 g (6) $1.31

Energy Costs (PG&E marginal rates, Dec. 2003):
Electricity $/kWh $0.13
Natural gas $/Therm $1.17

Energy Savings (7)
Clothes Washers 396 kWh/yr/DU  or in Therms/yr 13.5
Dishwashers 183 kWh/yr/DU  or in Therms/yr 6.3
Shower Heads (<2.5 gpm flow rate) 0.130 kWh/g
Faucets w. Aerators (<2.2 gpm flow rate) 0.057 kWh/g
Shower Heads & Faucets w. Aerators 0.101 kWh/g or in Therms/g 0.003452

Fertilizer (8)
Value of nitrogen contained in recycled wastewater, $/af/yr $35
Cost of fertilizer (purchase and spread), $/af/yr $70

ET Controller Labor Savings
SF (6 station), 2 hr @ $7.50/hr, $/yr $15
Commercial (24 station), 8hr @ $10.00/hr, $/yr $80

ET Controller Monthly Service Cost
SF (6 station) $3.00 /mo $36
Commercial (24 station) $4.17 /mo $50

Cost of Submetering Service
Meter reading and billing, $/yr (9) $36

ULFT Replacement - SF (assuming early replacement)
Customer's Perspective (Rebate Program):

2 water conserving toilets @ $160 each (10) $320
2 hrs labor at $65/hr $130
Rebate amount per toilet $100

City's Perspective (11):
Rebate Program - SF, per toilet rebate (12) $112
Direct-Install Program - SF, per toilet installed (13) $160
Direct-Install Program - CII, per toilet installed (14) $302
Water savings per CII toilet installed, gpd           25.8 

Shower Heads and Faucet Aerators - SF (15)
2 shower heads, 4 bathroom aerators, 1 kitchen sink aerator w. quantity discounts $17
1/2 hr labor to install @ $65 (assume done as part of direct install toilet program) $33

HE Clothes Washers - for popular models, additional cost over less eff. models (10) $215
HE Clothes Washers - average cost (10) $587
Energy Efficient Dishwashers - additional cost for popular models (10) $100
Hot Water Demand Annual O&M

Energy to run pump at $0.53
Replace batteries in remotes (assume 2 bathrooms) $2.50
Total $3.03

Hot Water Demand Energy Savings (16): 400          kWh/yr
13.65       Therms/yr $15.97

Table D4 - Supporting Data Used in Calculating Life Cycle Costs

Discount Rate used to calculated present worth values (1)



Notes:
(1) Source: Evaluating Urban Water Conservation Programs: A Procedural Manual, 1993 (Ref. 44)
(2)

(3)

(4) Rohnert Park Water and Sewer Rate Study, Aug. 2001 (excludes infiltration and inflow) (Ref. 45)).
(5) Estimate based on detailed examination of North Marin Water District's metering costs.
(6)

(7) Vickers, Handbook of Water Use and Conservation, May 2001 (Ref. 47).
Conversion Factors: 1 kWh = 3412 BTUs

1 Therm = 100,000 BTUs
1 kWh = 0.03412 Therms

(8) Estimate by JONWRM based on prior research. (Ref. 48)
(9) National MF Submetering and Allocation Billing Program Study (Ref. 35). 
(10)

(11)

.(12) $100 rebate plus program admin.
(13) Avg. installed cost of SF toilet including program admin.
(14) Avg. installed cost of CII toilet including program admin.
(15) Assumes typical SF dwelling and that installation is done as part of a direct-install program
(16) Battelle Oak Ridge Lab. Study (Ref. 41)

Based on detailed analysis of actual costs, Report on City of Rohnert Park's 1997 Toilet Replacement Program, 
March 1998, JONWRM (Ref. 16).

Peter Gleick et al, Pacific Institute, Waste Not, Want Not, The Potential for Urban Water Conservation in Calif., 
Nov. 2003 (Ref. 49).

Based on Santa Rosa Subregional Reclamation System policy of charging 75% of value of water saved based on 
local retail commodity rate - in this case the rate charged by Rohnert Park for potable water.  Note:  Service from 
the SRWS is free the first yr, 25% the second, 50% the third, and 75% from the fourth yr on.  (Dan Carlson, Aug. 
3, 2003) (Ref. 46)

SCWA's variable O&M rate for FY 04-05.  City is reducing dependence on ground water.  In the future about 75% 
of supply is expected to come from SCWA aqueduct.
Sewer service from SRWS operated by the City of Santa Rosa is billed annually and is based on the prior year 
cost experience.



Number of > Units Bedrooms Baths Toilets
Shower 
Stalls Tubs

Shower/
Bath 

Combo's

Kitchen 
Sink 

Faucets
Bathroom 
Faucets

Laundry 
Faucets

Clothes 
Washers

Dish-    
washers

UD LLC and Vast Oaks:
SF-Detached:

Medium 1 222 850 744 792 126 222 348 348 1,236 222 222 222
Medium 2 202 867 636 665 261 202 202 202 1,069 202 202 202
Low 240 1,100 790 860 240 240 240 240 1,340 240 240 240
Estate 25 159 139 151 42 25 59 50 252 25 25 25
Sub-total 689 2,976 2,308 2,468 669 689 849 840 3,897 689 689 689

High Density: 730 2,251 1,917 2,020 551 0 1,338 730 3,709 600 730 730
Total 1,419 5,227 4,225 4,488 1,220 689 2,187 1,570 7,606 1,289 1,419 1,419

Other Properties
SF-Detached:

Medium 1 113 377 283 339 113 0 113 113 565 113 113 113
Low 78 364 260 286 156 0 78 78 442 78 78 78
Total 191 741 543 625 269 0 191 191 1,007 191 191 191

Grand Total 1,610 5,968 4,768 5,113 1,489 689 2,378 1,761 8,613 1,480 1,610 1,610

Recap for Entire University District Specific Plan:
Medium 1 335 1,227 1,027 1,131 239 222 461 461 1,801 335 335 335
Medium 2 202 867 636 665 261 202 202 202 1,069 202 202 202
Low 318 1,464 1,050 1,146 396 240 318 318 1,782 318 318 318
Estate 25 159 139 151 42 25 59 50 252 25 25 25
Second Units 126 126 125 126 0 0 126 126 126 0 0 126
High-Density and Mixed 730 2,251 1,917 2,020 551 0 1,338 730 3,709 600 730 730
Total 1,736 6,094 4,893 5,239 1,489 689 2,504 1,887 8,739 1,480 1,610 1,736

Table D5 - Residential Fixture and Appliance Inventory for UDSP



Appendix K 
Water Tank Site  
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INTRODUCTION 

 
Purpose and Scope 

 

The purpose of this report is to characterize geologic conditions of the site and provide 

geotechnical conclusions and recommendations to assist you and your design team in the 

planning of the proposed project.  

 
The scope of our work for this project included the following: 
 
1. Review of previously published maps and reports regarding geological and geotechnical 

characteristics of the subject site. 
 
2. Excavation and logging of exploratory trenches and test pits. 
 
3. Exploratory drilling, sampling and laboratory testing of subsurface materials. 
 
4. Analysis of the geological and geotechnical data. 
 
5. Preparation of this report summarizing our findings and water tank site recommendations. 
 

This report was prepared for the exclusive use of UD LLC, and its design team consultants.  In 

the event that any changes are made in the character, design or layout of the development, the 

conclusions and recommendations contained in this report must be reviewed by ENGEO 

Incorporated to determine whether modifications to the report are necessary.  This document 

may not be reproduced in whole or in part by any means whatsoever, nor may it be quoted or 

excerpted without the express written consent of ENGEO Incorporated. 

 

Site Location and Description 

 
The study area is the central portion of an irregular shaped parcel located east of Petaluma Hill 

Road, south of the Rohnert Park Expressway intersection in Rohnert Park, California (Figure 1).  
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The western edge of the 128-acre property is located along Petaluma Hill Road.  The proposed 

water reservoir will be located on the south western facing slope of the hill slope in the central 

portion of the site.  Elevations at the proposed tank site range from approximately 250 to 

approximately 280 feet above mean sea level (msl).  The site is currently undeveloped.  Vegetation 

at the tank site is generally composed of grasses and brush. 

 

Proposed Development 

 

It is our understanding that this area of the property will be developed with a potable water reservoir 

and underground utilities and access roadways.  The proposed development will consist of cuts on 

the order of 20 to 30 feet to construct a relatively level building pad. 
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GEOLOGIC CONDITIONS 

 

Site Geology 

 

The site is located within the central part of the Coast Ranges Geomorphic Province of California.  

Active faulting within the Coast Ranges has developed in response to complex interactions along the 

transform boundary between the North American and Pacific tectonic plates.  In general, the relative 

motion along the boundary between the two plates is right-lateral strike-slip, with the Pacific Plate 

moving northwestward with respect to the North American Plate.  The San Andreas fault system, 

defined as the San Andreas fault, as well as the associated strands that splay from it (i.e. the Rodgers 

Creek, Tolay, Maacama, and Hayward faults, as well as others), is the main transform fault system 

along this boundary and accommodates approximately 80 percent of the relative motion along the 

broad boundary between the North American and Pacific plates (Argus and Gordon, 1991).  

 

A published geologic map of the vicinity compiled by Fox (1973) indicates the site is depicted as 

Tertiary andesitic to basaltic lava flows (Tsa) in the eastern area of the site that this report 

addresses (Figure 2).  The Quaternary deposits are shown as a centrally located 

northeast-southwest trending belt of fan deposits (Qyf) consisting of fine sand and silt, with 

gravel becoming more abundant toward the fan heads, with fluvial deposits (Qyfo), characterized 

by fine sand, silt, and clay, depicted in the west site area.  

 

Site Seismicity 

 

No active faults are mapped across the project site by the California Division of Mines and 

Geology (CDMG) or United States Geological Survey (USGS).  The site is located in a region 

that contains numerous active earthquake faults.  No known faults cross the property and the nearest 
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known active1 faults are the Rogers Creek fault located about 1½ miles east; Maacama fault located 

about 16 miles northeast; the West Napa fault, about 16 miles to the east and the San Andreas 

fault approximately 17 miles to the west of the site.  The site is not located within a state-mandated 

Earthquake Fault Zone. 

 

Numerous small earthquakes occur every year in the San Francisco Bay Region, and larger 

earthquakes have been recorded and can be expected to occur in the future.  Figure 3 shows the 

approximate locations of these faults and significant historic earthquakes recorded within the 

San Francisco Bay Region. 

                                                 
1 An active fault is defined by the State Mining and Geology Board as one that has had surface displacement within 
Holocene time (about the last 10,000 years) (Hart, 1992). 
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FIELD EXPLORATION 

 
The field exploration for this study was conducted on March 10 and 11, 2005, and consisted of 

two exploratory borings at the approximate locations shown on Figure 4.  The locations were 

selected based on the site accessibility and such that subsurface site conditions could be 

determined in the area of the reservoir.  An ENGEO geologist logged the borings in the field in 

accordance with the Unified Soil Classification System.  The boring logs are included in this 

report (Appendix B).  The borings were performed using a CME 850 tracked rig and equipped 

with an NX rock coring bit. 

 
Laboratory Testing

 
Following drilling, we reexamined the samples in our laboratory to confirm field classifications.  

Representative samples recovered from our borings were tested for the following physical 

characteristics: 

 
 

Characteristic
 

Test Method
Location of Results 
Within this Report

Atterberg Limits ASTM D-4318 Appendix B  
 
Laboratory test results of the samples recovered are included on the laboratory figures in 

Appendix B as noted above.   

 

Subsurface Stratigraphy 

 

The surface soils at the site generally consist of approximately 2 feet of clayey sands and silty clays.  

The surface soils were underlain by Tertiary igneous bedrock which primarily consist of andesitic to 

basaltic lava flows.  The bedrock is friable to strong, closely to moderately fractured, and deeply to 

moderately weathered.  The Rock Quality Designation (RQD) range from 0 up to a maximum RQD 
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of 54 percent.  Tuff beds were encountered in both borings and these had approximate thickness of 

1 to 2 feet.  The tuff beds are highly plastic and highly expansive when subject to fluctuations in 

moisture content. 

 

Groundwater Conditions 

 

Groundwater could not be measured due to the exploratory method used.  Fluctuations in 

groundwater levels may occur seasonally and over a period of years because of precipitation, 

changes in drainage patterns, irrigation, and other factors. 
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GEOLOGIC HAZARDS 

 

Seismic Hazards 

 

Seismic hazards can generally be classified as primary and secondary.  The primary effect is 

ground rupture, also called surface faulting.  Common secondary seismic hazards include ground 

shaking, lurch cracking, soil liquefaction, lateral spreading, landslides, and tsunamis and seiches.  

The risk of regional subsidence/uplift, landslides, tsunamis or seiches is considered unlikely at 

the site.  The risk of earthquake-induced ground rupture, liquefaction, densification, lateral 

spreading, and lurching are discussed below. 

 

Ground Rupture.  Since there are no known active faults crossing the site and the site is not 

within a State of California Earthquake Fault Hazard Zone, the risk of ground rupture related to 

faulting is considered remote. 

 

Ground Shaking.  An earthquake of moderate to high magnitude generated within the 

San Francisco Bay Region could cause considerable ground shaking at the site.  To mitigate the 

shaking effects, all structures should be designed using sound engineering judgment and the 

latest Uniform Building Code (UBC) requirements as a minimum (SEAOC, 1996).  Deterministic 

computer studies from current California fault data yield a mean horizontal bedrock acceleration of 

0.55g from the nearby Rodgers Creek fault based on the attenuation relation by Idriss (1993). 

 

The near source factors, Na and Nv, are based on the Rodgers Creek fault being a seismic source 

type A, approximately 1½ miles (2½ km) away.  The UBC parameters for the reservoir design 

are presented in the following table: 
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1997 UNIFORM BUILDING CODE - Chapter 16 
ITEM DESIGN VALUE SOURCE 

Seismic Zone 4 Figure 16-2 
Seismic Zone Factor 0.40 Table 16-I 
Soil Profile Type SB Table 16-J 
Seismic Source Type A Table 16-U 
Near Source Factor, Na 1.5 Table 16-S 
Near Source Factor, Nv 2.0 Table 16-T 
Seismic Coefficient, Ca 0.60 (0.40Na) Table 16-Q 
Seismic Coefficient, Cv 0.80 (0.40Nv) Table 16-R 

  

Seismic design provisions of current building codes generally prescribe minimum lateral forces 

applied statically to the structure, combined with the gravity forces of dead-and-live loads.  The 

code-prescribed lateral forces are generally considered to be substantially smaller than the 

comparable forces that would be associated with a major earthquake.  Therefore, structures 

should be able to:  (1) resist minor earthquakes without damage; (2) resist moderate earthquakes 

without structural damage but with some nonstructural damage; and (3) resist major earthquakes 

without collapse but with some structural as well as nonstructural damage.  Conformance to the 

current building code recommendations does not constitute any kind of guarantee that significant 

structural damage would not occur in the event of a maximum magnitude earthquake; however, 

it is reasonable to expect that a well-designed and well-constructed structure will not collapse or 

cause loss of life in a major earthquake (SEAOC, 1996). 

 

Landslides.  No landslides were mapped at, immediately adjacent to, the location of the proposed 

reservoir tank site.  Minor areas of slope instability were observed at other locations along the 

hill slope, but they are not anticipated to have a significant detrimental impact to the tank site 

location. 
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CONCLUSIONS AND RECOMMENDATIONS 

 
Based on our exploration, we conclude that the proposed water reservoir project is feasible from a 

geotechnical standpoint.  The primary geotechnical concern is the potential for on-site differential 

expansion below the tank site due to the presence of highly expansive tuff beds within the bedrock 

at the proposed reservoir location.  Expansive bedrock can experience volume changes due to 

seasonal fluctuations in moisture content.  To minimize the potential impact of the expansive site 

materials, the proposed reservoir tank should be underlain by relatively uniform subgrade materials. 

 

Grading 

 

Grading operations should meet the requirements of the “Guide Contract Specifications” 

included in Appendix D and should be observed and tested by ENGEO's field representative.  

The Geotechnical Engineer or qualified representative should be present during all phases of 

grading operations to observe demolition, site preparation, grading operations, and subdrain 

placement.  The Geotechnical Engineer should be notified a minimum of 72 hours prior to the 

commencement of any grading or stripping operations at the site.  This is to provide time to 

coordinate the work with the Grading Contractor.   

 

Demolition and Stripping  

 

All existing vegetation and soft or compressible soils in areas to be graded should be removed as 

necessary for project requirements.  The depth of removal of these materials should be 

determined by the Geotechnical Engineer or qualified representative in the field at the time of 

grading.  Evaluation of unsuitable deposits should be performed during grading by sampling and 

laboratory analyses. 
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Construction areas receiving fill and those areas that serve as borrow for fill should be stripped of 

existing vegetation.  Actual depths will be determined by the Geotechnical Engineer or qualified 

representative in the field during grading.  Site strippings should be reserved for placement in 

approved open space areas or landscape areas.  Any topsoil retained for future use in landscape 

areas should be approved by the Landscape Architect and stockpiled in areas where it will not 

interfere with construction operations.  Within the development areas, excavations resulting from 

demolition, clearing, and/or stripping which extend below final grades should be cleaned to firm 

undisturbed soil as determined by the Geotechnical Engineer's representative.  All test pits were 

loosely backfilled after the completion of the field exploration.  It will be necessary to remove 

and recompact all loose soil within the pits that will remain below final grades.  All loose soil 

material should be removed and recompacted. 

 

Subgrade Preparation 

 

We anticipate that the tank pad will be excavated in bedrock.  However, we expect that some 

variation in rock characteristics may be exposed at the subgrade level, and therefore we recommend 

that the tank area be subexcavated a minimum depth of 5 feet and grades restored with engineered 

fill.  An evaluation of the need to perform the subexcavation should be made by the Geotechnical 

Engineer or Engineering Geologist, in conjunction with the utility district, at the time of 

construction. 

 

The bedrock materials encountered were friable to moderately strong and crushed to closely 

fractured.  Based on these characteristics we anticipate that the bedrock materials should be 

rippable with heavy duty grading equipment (ie, Caterpillar D-9 dozers, etc.).  However, oversize 

fragments that may be difficult to break down could be generated during the grading operations. 
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Fill Materials 

 

The site soils and bedrock are suitable to be reused as engineered fill provided these are processed 

to meet the grading specification requirements.  Import materials, if any are needed, must meet the 

requirements contained in Section 2.02B, Part I of the Guide Contract Specifications.  The 

Geotechnical Engineer should be informed if any importation of soil is contemplated.  A sample of 

the proposed import material should be submitted to the Geotechnical Engineer for evaluation prior 

to delivery at the site. 

 

Placement of Fill 

 

With the exception of organically-contaminated near-surface material, on-site soils containing 

less than 3 percent organics are suitable for use as engineered fill.  The following compaction 

control requirements are generally applied to all fills: 

 

Test Procedures:    ASTM D-1557. 

 
Required Moisture Content: General engineered fill should be moisture 

conditioned to at least 2 percentage points above 
optimum moisture content.  

 
Relative Compaction: General engineered fill should be compacted to a 

minimum of 90 percent of relative compaction. 
 
All fills should be placed in thin lifts.  The lift thickness should not exceed 8 inches or the depth 

of penetration of the compaction equipment used, whichever is less.  In general, all site 

preparation and grading should be performed in accordance with the Contract Guide 

Specifications presented in Appendix D.  All site preparations for site grading should be done 

under the observation of the Geotechnical Engineer or his/her qualified field representative.   
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Graded Slopes 
 

Cut and fill slopes can be constructed up to 30 feet at an inclination of 2:1 (horizontal:vertical) 

without intermediate benches.  Slopes higher than 30 feet should be constructed at an inclination of 

3:1 or intermediate benches should be provide in accordance with the requirements of the 

1997 Uniform Building Code. 

 

Foundation Design 

 

Provided that the tank area has been prepared as recommended in this report, it is our opinion that 

the proposed water tank and associated facilities can be constructed on a continuous spread footings 

bearing on engineered fill.  The Structural Engineer should determine all foundation reinforcement 

based on the anticipated structural loads.  The foundation plans should be submitted to the 

Geotechnical Engineer for review when they become available. 

 

The geotechnical design criteria to be used in footing sizing are as follows: 

 

 Minimum depth of footing embedment: 18 inches below lowest adjacent grade. 

 
 Minimum width of footing:   18 inches. 

 
 Maximum allowable footing pressure:  4,000 pounds per square foot (psf) for 

dead-plus-live loads.  This value may be 
increased by one-third for total loads.  

 

The foundation excavation should not be allowed to desiccate significantly prior to placement of 

concrete.  The tank subgrade materials should be moisture conditioned by sprinkling prior to the 

installation of the tank to compensate for any loss of moisture which may occur between the end of 

the grading and the installation of the tank.  Ponding of water below the water tank may result in 
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weakening of the subgrade materials.  To mitigate possible water leakage from the water tank, a 

subsurface drainage system should be provided.  A perimeter subdrain should be provided along the 

inside edge of the ring footing.  This subdrain system should consist of a 4-inch-diameter perforated 

pipe encapsulated by a clean, free-draining crushed rock or gravel layer at least 12 inches wide 

surrounded by filter fabric.  As an alternative to the gravel drain, a prefabricated subdrain system 

can be installed. 

 

Lateral loads may be resisted by frictional resistance between the foundation concrete and the 

subgrade soils and by passive earth pressure acting against the side of the foundation.  A 

coefficient of friction of 0.35 can be used between concrete and the subgrade.  In addition, an 

allowable passive pressure based on an equivalent fluid weight of 350 pounds per cubic foot can 

be used in design. 

 

Retaining Walls 

 

Drained retaining walls should be designed for active lateral equivalent fluid pressures determined 

as follows: 

 

 Backfill Slope  Unrestrained (pcf)  Restrained (pcf) 
 Level    35     35+8H 
   4:1    40     40+8H 
   3:1    45     45+8H 
   2:1    55     55+8H 

 

In addition to the active earth pressures, the retaining walls should be designed for the dynamic 

increment of wall pressure associated with earthquake loading.  The following earthquake 

loadings should be used for design and are assumed to correspond to an inverted triangular 

distributed pressure, with zero pressure at the base of the wall increasing upwards: 



   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 14 
 

 Backfill Slope  Unrestrained (pcf)  Restrained (pcf) 
 Level    30     90 
   4:1    45     135 
   3:1    65     195 
   2:1    90     270 

 

An inverted triangular distributed pressure would yield a resultant location two-thirds up from 

the base of the wall.  However, since the triangular distribution is only an approximation, 

standard practice suggests that the resultant of the pressure distribution should be applied at a 

height of 0.6H above the base of the wall where H is the height of retained soil. 

 

All retaining walls should be provided with drainage facilities to prevent the build-up of 

hydrostatic pressures behind the walls.  Wall drainage should be provided using a 

4-inch-diameter perforated pipe (perforations down) embedded in Caltrans Class 2 permeable 

material, or free-draining gravel surrounded by synthetic filter fabric.  The drain rock should 

extend a minimum of 12 inches behind the wall and to about 12 inches below the finished 

grades.  As an alternative, prefabricated synthetic wall drain panels can be used.  The upper 

12 inches of wall backfill should consist of on-site clayey soils.  Drainage should be collected by 

perforated pipes and directed to an outlet approved by the Civil Engineer.  Synthetic filter fabric 

should meet the minimum requirements of the Guide Contract Specifications. 

 

All retaining wall backfill should be placed in accordance with recommendations provided above 

for engineered fill.  Light equipment should be used during backfill compaction to minimize 

possible overstressing of the walls. 

 

As an alternative to pre-cast, cast-in-place, or masonry block retaining walls, cut slopes can be 

supported by a soil nail wall.  Soil nail walls should be designed for global, local and internal 

stability.  The following parameters should be used for design of the soil nail stability: 
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Soil Material Unit Weight 
(pcf) 

Friction Angle 
(degrees) 

Cohesion 
(psf) 

Allowable Bond Stress 
(psi) 

Andesite 130 35 0 10 
       

 

Preliminary Pavement Design 

 
Based on the field explorations and laboratory testing, we estimate that site soils will have a 

resistance ("R") value of 25.  The following preliminary pavement sections have been determined 

for Traffic Indices of 5, 6 and 7 based on an assumed R-value of 25 according to the method 

contained in Topic 608 of Highway Design Manual by Caltrans. 

 

Pavement Section  
Traffic Index  AC 

in. (mm) 
 AB 

in. (mm) 
5.0 3.0 6.5 

6.0 3.5 8.5 

7.0 4.0 11.0 

Notes: AC is asphalt concrete 
AB is aggregate base Class 2 Material with minimum R 

= 78 
 
The Traffic Index should be determined by the Civil Engineer or appropriate public agency.  These 

sections are for estimating purposes only.  Actual sections to be used should be based on R-value 

tests performed on samples of actual subgrade materials recovered at the time of grading.  Pavement 

construction and all materials should comply with the requirements of the Standard Specifications 

of the State of California Division of Highways, County requirements and the following minimum 

requirements. 
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• All pavement subgrades should be scarified to a depth of 12 inches (30 centimeters) below 
finished subgrade elevation, moisture conditioned to 3 percentage points above optimum, and 
compacted to at least 92 percent relative compaction and in accordance with County 
requirements. 

 
• Subgrade soils should be in a stable, non-pumping condition at the time aggregate baserock 

materials are placed and compacted. 
 
• Adequate provisions must be made such that the subgrade soils and aggregate baserock 

materials are not allowed to become saturated. 
 
• Aggregate baserock materials should meet current Caltrans specifications for Class 2 aggregate 

baserock and should be compacted to at least 95 percent of maximum dry density at a minimum 
moisture content of optimum. 

 
• Asphalt paving materials should meet current Caltrans specifications for asphalt concrete. 
 
• All concrete curbs separating pavement and irrigated landscaped areas should extend into the 

subgrade and below the bottom of adjacent aggregate baserock materials. 
 

Utilities 

 

It is recommended that all utility trench backfill be done under the observation of a Geotechnical 

Engineer.  Pipe zone backfill (i.e., material beneath and immediately surrounding the pipe) may 

consist of a well-graded import or native material less than ¾ inch (2 centimeters) in maximum 

dimension.  Trench zone backfill (i.e., material placed between the pipe zone backfill and the 

ground surface) may consist of native soil compacted in accordance with recommendations for 

engineered fill.   

 

Where import material is used for pipe zone backfill, we recommend that it consist of fine- to 

medium-grained sand or a well-graded mixture of sand and gravel and that this material not be used 

within 2 feet of finish grades.  In general, uniformly graded gravel should not be used for pipe or 

trench zone backfill due to the potential for migration of (1) soil into the relatively large void spaces 
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present in this type of material; and (2) water along trenches backfilled with this type of material.  

All utility trenches entering buildings and paved areas must be provided with an impervious seal 

consisting of native materials or concrete where the trenches pass under structure perimeters or curb 

lines.  The impervious plug should extend at least 3 feet (1 meter) to either side of the crossing.  

This is to prevent surface water percolation into the sands under foundations and pavements where 

such water would remain trapped in a perched condition, allowing clays to develop their full 

expansion potential. 

 

Utility trenches should not be located upslope of any foundation area unless the placement, depth, 

and backfill material to be used are reviewed by the Geotechnical Engineer.  Care should be 

exercised where utility trenches are located beside foundation areas.  Utility trenches constructed 

parallel to foundations should be located entirely above a plane extending down from the lower 

edge of the footing at an angle of 45 degrees.  Utility companies and Landscape Architects should 

be made aware of this information. 

 

Utility trenches in areas to be paved should be backfilled to the specifications provided in this report 

for engineered fill.  Compaction of trench backfill by jetting shall not be allowed at this site. 
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LIMITATIONS AND UNIFORMITY OF CONDITIONS 

 

This geotechnical report is issued with the understanding that it is the responsibility of the owner to 

transmit the information and recommendations of this report to developers, contractors, buyers, 

architects, engineers, and designers for the project so that the necessary steps can be taken by the 

contractors and subcontractors to carry out such recommendations in the field.  The conclusions and 

recommendations contained in this report are solely professional opinions. 

 

The professional staff of ENGEO Incorporated strives to perform its services in a proper and 

professional manner with reasonable care and competence but is not infallible.  There are risks of 

earth movement and property damages inherent in land development.  We are unable to eliminate 

all risks or provide insurance; therefore, we are unable to guarantee or warrant the results of our 

work. 

 

This report is based upon field and other conditions discovered at the time of preparation of 

ENGEO's work.  This document must not be subject to unauthorized reuse, that is, reuse without 

written authorization of ENGEO.  Such authorization is essential because it requires ENGEO to 

evaluate the document's applicability given new circumstances, not the least of which is passage of 

time.  Actual field or other conditions will necessitate clarifications, adjustments, modifications or 

other changes to ENGEO's work.  Therefore, ENGEO must be engaged to prepare the necessary 

clarifications, adjustments, modifications or other changes before construction activities commence 

or further activity proceeds.  If ENGEO's scope of services does not include on-site construction 

observation, or if other persons or entities are retained to provide such services, ENGEO cannot be 

held responsible for any or all claims, including, but not limited to claims arising from or resulting 

from the performance of such services by other persons or entities, and any or all claims arising 

from or resulting from clarifications, adjustments, modifications, discrepancies or other changes 

necessary to reflect changed field or other conditions.



   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 

SELECTED REFERENCES 

 
 
Argus, D. F., and R. G. Gordon, Current Sierra Nevada-North America motion from very long 

baseline inferometery: implications for the kinematics of the western United States, 
Geology, 19, 1085-1088, 1991. 

 
Bortugno, E. J.; et al, 1982, Map Showing Recency of Faulting, Santa Rosa Quadrangle USGS 

Map Sheet 2. 
 
Fox, K. F., Jr., Sims, J. D., Bartow, J., A., and Helley, E., J., 1973, Preliminary Geologic Map of 

Eastern Sonoma County and Western Napa County, U.S. Geologic Survey, Open-file Report. 
 
Idriss, I. M., 1993, Procedures for Selecting Earthquake Ground Motions at Rock Sites: Report to 

the National Institute of Standards and Technology, United States Department of Commerce.   
 
SEAOC; 1996, Recommended Lateral Force Requirements and Tentative Commentary.  
 
State of California; 1982, Tolay Fault -- Fault Evaluation Report, FER 140.  
 
State of California; 1983, Special Studies Zone Map, Cotati Quadrangle, Sonoma County, 

California. 
 
Thomas, D.B.. Abt, S.R., Mussetter, R.A. and Harvey, M.D., 2000.  A Design Procedure for 

Sizing Step-Pool Structures,  Proceedings from the ASCE Water Resources Conference. 
 
USGS; 2003, Earthquake Probabilities in the San Francisco Bay Region: 2002–2031, Working 

Group On California Earthquake Probabilities; Open-File Report 03-214. 
 



   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 

APPENDIX A 
 

 
Figure 1 Site Vicinity Map 
 
Figure 2 Preliminary Geologic Map 
 
Figure 3 Regional Faulting and Seismicity 
 
Figure 4 Site Map 
 
Figure 5 Site Topographic Map 
 
 
 
 
 













   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 

APPENDIX B 
 
 

Boring Logs 
 











   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 

APPENDIX C 
 
 

Laboratory Test Results 
 





   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 

APPENDIX D 
 
 

Contract Guide Specifications 
 
 
 



   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 1 

GUIDE CONTRACT SPECIFICATIONS 
 
 
PART I - EARTHWORK 
 
PREFACE 
 
These specifications are intended as a guide for the earthwork performed at the subject 
development project.  If there is a conflict between these specifications (including the 
recommendations of the geotechnical report) and agency or code requirements, it should be 
brought to the attention of ENGEO and Owner prior to contract bidding. 
 
PART 1 - GENERAL 
 
1.01  WORK COVERED 
 
 A. Grading, excavating, filling and backfilling, including trenching and backfilling for 

utilities as necessary to complete the Project as indicated on the Drawings. 
 
 B. Subsurface drainage as indicated on the Drawings. 
 
1.02  CODES AND STANDARDS 
 
 A. Excavating, trenching, filling, backfilling, and grading work shall meet the applicable 

requirements of the Uniform Building Code and the standards and ordinances of state 
and local governing authorities. 

 
1.03  SUBSURFACE SOIL CONDITIONS 
 
 A. The Owners' Geotechnical Exploration report is available for inspection by bidder or 

Contractor.  The Contractor shall refer to the findings and recommendations of the 
Geotechnical Exploration report in planning and executing his work. 

 
1.04  DEFINITIONS 
 
 A. Fill:  All soil, rock, or soil-rock materials placed to raise the grades of the site or to 

backfill excavations. 
 
 B. Backfill:  All soil, rock or soil-rock material used to fill excavations and trenches. 
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 C. On-Site Material:  Soil and/or rock material which is obtained from the site. 
 
 D. Imported Material:  Soil and/or rock material which is brought to the site from off-site 

areas. 
 
 E. Select Material:  On-site and/or imported material which is approved by ENGEO as a 

specific-purpose fill. 
 
 F. Engineered Fill:  Fill upon which ENGEO has made sufficient observations and tests 

to confirm that the fill has been placed and compacted in accordance with 
specifications and requirements. 

 
 G. Degree of Compaction or Relative Compaction:  The ratio, expressed as a percentage, 

of the in-place dry density of the fill and backfill material as compacted in the field to 
the maximum dry density of the same material as determined by ASTM D-1557 or 
California 216 compaction test method. 

 
 H. Optimum Moisture:  Water content, percentage by dry weight, corresponding to the 

maximum dry density as determined by ASTM D-1557. 
 
 I. ENGEO:  The project geotechnical engineering consulting firm, its employees or its 

designated representatives. 
 
 J. Drawings:  All documents, approved for construction, which describe the Work. 
 
1.05  OBSERVATION AND TESTING 
 
 A. All site preparation, cutting and shaping, excavating, filling, and backfilling shall be 

carried out under the observation of ENGEO, employed and paid for by the Owners.  
ENGEO will perform appropriate field and laboratory tests to evaluate the suitability 
of fill material, the proper moisture content for compaction, and the degree of 
compaction achieved.  Any fill that does not meet the specification requirements shall 
be removed and/or reworked until the requirements are satisfied. 

 
 B. Cutting and shaping, excavating, conditioning, filling, and compacting procedures 

require approval of ENGEO as they are performed.  Any work found unsatisfactory or 
any work disturbed by subsequent operations before approval is granted shall be 
corrected in an approved manner as recommended by ENGEO. 
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 C. Tests for compaction will be made in accordance with test procedures outlined in 
ASTM D-1557, as applicable.  Field testing of soils or compacted fill shall conform to 
the applicable requirements of ASTM D-2922. 

 
 D. All authorized observation and testing will be paid for by the Owners. 
 
1.06  SITE CONDITIONS 
 
 A. Excavating, filling, backfilling, and grading work shall not be performed during 

unfavorable weather conditions.  When the work is interrupted by rain, excavating, 
filling, backfilling, and grading work shall not be resumed until the site and soil 
conditions are suitable. 

 
 B. Contractor shall take the necessary measures to prevent erosion of freshly filled, 

backfilled, and graded areas until such time as permanent drainage and erosion control 
measures have been installed. 

 
PART 2 - PRODUCTS 
 
2.01  GENERAL 
 
 A. Contractor shall furnish all materials, tools, equipment, facilities, and services as 

required for performing the required excavating, filling, backfilling, and grading work, 
and trenching and backfilling for utilities. 

 
2.02  SOIL MATERIALS 
 
 A. Fill 
 
  1.  Material to be used for engineered fill and backfill shall be free from organic 

matter and other deleterious substances, and of such quality that it will compact 
thoroughly without excessive voids when watered and rolled.  Excavated on-site 
material will be considered suitable for engineered fill and backfill if it contains no 
more than 3 percent organic matter, is free of debris and other deleterious 
substances and conforms to the requirements specified above.  Rocks of maximum 
dimension in excess of two-thirds of the lift thickness shall be removed from any 
fill material to the satisfaction of ENGEO. 

 
  2. Excavated earth material which is suitable for engineered fill or backfill, as 

determined by ENGEO, shall be conditioned for reuse and properly stockpiled as 
required for later filling and backfilling operations.  Conditioning shall consist of 
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spreading material in layers not to exceed 8 inches and raking free of debris and 
rubble.  Rocks and aggregate exceeding the allowed largest dimension, and 
deleterious material shall be removed from the site and disposed off site in a legal 
manner. 

 
  3. ENGEO shall be notified at least 48 hours prior to the start of filling and 

backfilling operations so that it may evaluate samples of the material intended for 
use as fill and backfill.  All materials to be used for filling and backfilling require 
the approval of ENGEO. 

 
 B. Import Material:  Where conditions require the importation of fill material, the material 

shall be an inert, nonexpansive soil or soil-rock material free of organic matter and meeting 
the following requirements unless otherwise approved by ENGEO. 

 
  Gradation (ASTM D-421):  Sieve Size  Percent Passing 
 
       2-inch    100 
       #200    15 - 70 
 
  Plasticity (ASTM D-4318): Liquid Limit Plasticity Index 
 
       < 30    < 12 
 
  Swell Potential (ASTM D-4546B): Percent Heave Swell Pressure 
  (at optimum moisture) 
       < 2 percent  < 300 psf 
 
  Resistance Value (ASTM D-2844): Minimum 25 
 
  Organic Content (ASTM D-2974): Less than 2 percent 
 
  A sample of the proposed import material should be submitted to ENGEO for 

evaluation prior to delivery at the site. 
 
2.03 SAND 
 
 A. Sand for sand cushion under slabs and for bedding of pipe in utility trenches shall be a 

clean and graded, washed sand, all passing a No. 4 U. S. Standard Sieve, and generally 
conforming to ASTM C33 for fine aggregate. 

 
2.04 AGGREGATE DRAINAGE FILL 
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 A. Aggregate drainage fill under concrete slabs and paving shall consist of broken stone, 

crushed or uncrushed gravel, clean quarry waste, or a combination thereof.  The 
aggregate shall be free from fines, vegetable matter, loam, volcanic tuff, and other 
deleterious substances.  It shall be of such quality that the absorption of water in a 
saturated surface dry condition does not exceed 3 percent of the oven dry weight of the 
samples. 

 
 B. Aggregate drainage fill shall be of such size that the percentage composition by dry 

weight as determined by laboratory sieves (U. S. Series) will conform to the following 
grading: 

 
    Sieve Size    Percentage Passing Sieve 
 
    1½-inches     100 
    1-inch        90 - 100 
    #4      0 - 5 
 
2.05 SUBDRAINS 
 
 A. Perforated subdrain pipe of the required diameter shall be installed as shown on the 

drawings.  The pipe(s) shall also conform to these specifications unless otherwise 
specified by ENGEO in the field. 

 
  Subdrain pipe shall be manufactured in accordance with one of the following 

requirements: 
 
  Design depths less than 30 feet 
 
   - Perforated ABS Solid Wall SDR 35 (ASTM D-2751) 
   - Perforated PVC Solid Wall SDR 35 (ASTM D-3034) 
   - Perforated PVC A-2000 (ASTM F949) 
   - Perforated Corrugated HDPE double-wall (AASHTO M-252 or M-294, 

Caltrans Type S, 50 psi minimum stiffness)  
 
  Design depths less than 50 feet 
 
   - Perforated PVC SDR 23.5 Solid Wall (ASTM D-3034) 
   - Perforated Sch. 40 PVC Solid Wall (ASTM-1785) 
   - Perforated ABS SDR 23.5 Solid Wall (ASTM D-2751) 
   - Perforated ABS DWV/Sch. 40 (ASTM D-2661 and D-1527) 
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   - Perforated Corrugated HDPE double-wall (AASHTO M-252 or M-294, 
Caltrans Type S, 70 psi minimum stiffness) 

 
  Design depths less than 70 feet 
 
   - Perforated ABS Solid Wall SDR 15.3 (ASTM D-2751) 
   - Perforated Sch. 80 PVC (ASTM D-1785) 
   - Perforated Corrugated Aluminum (ASTM B-745) 
 
 B. Permeable Material (Class 2):  Class 2 permeable material for filling trenches under, 

around, and over subdrains, behind building and retaining walls, and for pervious 
blankets shall consist of clean, coarse sand and gravel or crushed stone, conforming to 
the following grading requirements: 

 
    Sieve Size    Percentage Passing Sieve 
 
    1-inch      100 
    ¾-inch      90 - 100 
    3/8-inch      40 - 100 
    #4       25 - 40 
    #8       18 - 33 
    #30        5 - 15 
    #50        0 - 7 
    #200        0 - 3 
 
 C. Filter Fabric:  All filter fabric shall meet the following Minimum Average Roll Values 

unless otherwise specified by ENGEO. 
 
  Grab Strength (ASTM D-4632)..........................................180 lbs 
  Mass per Unit Area (ASTM D-4751).................................6 oz/yd2

  Apparent Opening Size (ASTM D-4751)...........................70-100 U.S. Std. Sieve 
  Flow Rate (ASTM D-4491)................................................80 gal/min/ft2

  Puncture Strength (ASTM D-4833)....................................80 lbs 
 
 D. Vapor Barrier:  Vapor barriers shall consist of PVC, LDPE or HDPE impermeable 

sheeting at least 10 mils thick. 
 
2.06 PERMEABLE MATERIAL (Class 1; Type A) 
 
 A. Class 1 permeable material to be used in conjunction with filter fabric for backfilling 

of subdrain excavations shall conform to the following grading requirements: 
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    Sieve Size    Percentage Passing Sieve 
 
    ¾-inch        100 
    ½-inch       95 - 100 
    3/8-inch       70 - 100 
    #4        0 - 55 
    #8        0 - 10 
    #200        0 - 3 
 
PART 3 - EXECUTION 
 
3.01 STAKING AND GRADES 
 
 A. Contractor shall lay out all his work, establish all necessary markers, bench marks, 

grading stakes, and other stakes as required to achieve design grades. 
 
3.02 EXISTING UTILITIES 
 
 A. Contractor shall verify the location and depth (elevation) of all existing utilities and 

services before performing any excavation work. 
 
3.03 EXCAVATION 
 
 A. Contractor shall perform excavating as indicated and required for concrete footings, 

drilled piers, foundations, floor slabs, concrete walks, and site leveling and grading, 
and provide shoring, bracing, underpinning, cribbing, pumping, and planking as 
required.  The bottoms of excavations shall be firm undisturbed earth, clean and free 
from loose material, debris, and foreign matter. 

 
 B. Excavations shall be kept free from water at all times.  Adequate dewatering 

equipment shall be maintained at the site to handle emergency situations until concrete 
or backfill is placed. 

 
 C. Unauthorized excavations for footings shall be filled with concrete to required 

elevations, unless other methods of filling are authorized by ENGEO. 
 
 D. Excavated earth material which is suitable for engineered fill or backfill, as determined 

by ENGEO, shall be conditioned for reuse and properly stockpiled for later filling and 
backfilling operations as specified under Section 2.02, "Soil Materials." 
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 E. Abandoned sewers, piping, and other utilities encountered during excavating shall be 
removed and the resulting excavations shall be backfilled with engineered fill as 
required by ENGEO. 

 
 F. Any active utility lines encountered shall be reported immediately to the Owner's 

Representative and authorities involved.  The Owner and proper authorities shall be 
permitted free access to take the measures deemed necessary to repair, relocate, or 
remove the obstruction as determined by the responsible authority or Owner's 
Representative. 

 
3.04  SUBGRADE PREPARATION 
 
 A. All brush and other rubbish, as well as trees and root systems not marked for saving, 

shall be removed from the site and legally disposed of.   
 
 B. Any existing structures, foundations, underground storage tanks, or debris must be 

removed from the site prior to any building, grading, or fill operations.  Septic tanks, 
including all drain fields and other lines, if encountered, must be totally removed.  The 
resulting depressions shall be properly prepared and filled to the satisfaction of 
ENGEO. 

 
 C. Vegetation and organic topsoil shall be removed from the surface upon which the fill is 

to be placed and either removed and legally disposed of or stockpiled for later use in 
approved landscape areas.  The surface shall then be scarified to a depth of at least 
eight inches until the surface is free from ruts, hummocks, or other uneven features 
which would tend to prevent uniform compaction by the equipment to be used. 

 
 D. After the foundation for the fill has been cleared and scarified, it shall be made 

uniform and free from large clods.  The proper moisture content must be obtained by 
adding water or aerating.  The foundation for the fill shall be compacted at the proper 
moisture content to a relative compaction as specified herein. 

 
3.05  ENGINEERED FILL 
 
 A. Select Material: Fill material shall be "Select" or "Imported Material" as previously 

specified. 
 
 B. Placing and Compacting: Engineered fill shall be constructed by approved and 

accepted methods.  Fill material shall be spread in uniform lifts not exceeding 8 inches 
in uncompacted thickness.  Each layer shall be spread evenly, and thoroughly 
blade-mixed to obtain uniformity of material.  Fill material which does not contain 
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sufficient moisture as specified by ENGEO shall be sprinkled with water; if it contains 
excess moisture it shall be aerated or blended with drier material to achieve the proper 
water content.  Select material and water shall then be thoroughly mixed before being 
compacted. 

 
 C. Unless otherwise specified in the Geotechnical Exploration report, each layer of spread 

select material shall be compacted to at least 90 percent relative compaction at a 
moisture content of at least three percent above the optimum moisture content.  
Minimum compaction in all keyways shall be a minimum of 95 percent with a 
minimum moisture content of at least 1 percent above optimum. 

 
 D. Unless otherwise specified in the Geotechnical Exploration report or otherwise 

required by the local authorities the upper 6 inches of engineered fill in areas to receive 
pavement shall be compacted to at least 95 percent relative compaction. 

 
 E. Testing and Observation of Fill: The work shall consist of field observation and testing 

to determine that each layer has been compacted to the required density and that the 
required moisture is being obtained.  Any layer or portion of a layer that does not 
attain the compaction required shall be reworked until the required density is obtained. 

 
 F. Compaction: Compaction shall be by sheepsfoot rollers, multiple-wheel steel or 

pneumatic-tired rollers or other types of acceptable compaction equipment.  Rollers 
shall be of such design that they will be able to compact the fill to the specified 
compaction.  Rolling shall be accomplished while the fill material is within the 
specified moisture content range.  Rolling of each layer must be continuous so that the 
required compaction may be obtained uniformly throughout each layer. 

 
 G. Fill slopes shall be constructed by overfilling the design slopes and later cutting back 

the slopes to the design grades.  No loose soil will be permitted on the faces of the 
finished slopes. 

 
 H. Strippings and topsoil shall be stockpiled as approved by Owner, then placed in 

accordance with ENGEO's recommendations to a minimum thickness of 6 inches and 
a maximum thickness of 12 inches over exposed open space cut slopes which are 3:1 
or flatter, and track walked to the satisfaction of ENGEO. 

 
 I. Final Prepared Subgrade:  Finish blading and smoothing shall be performed as 

necessary to produce the required density, with a uniform surface, smooth and true to 
grade. 

 
3.06 BACKFILLING 
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 A. Backfill shall not be placed against footings, building walls, or other structures until 

approved by ENGEO. 
 
 B. Backfill material shall be Select Material as specified for engineered fill. 
 
 C. Backfill shall be placed in 6-inch layers, leveled, rammed, and tamped in place.  Each 

layer shall be compacted with suitable compaction equipment to 90 percent relative 
compaction at a moisture content of at least 3 percent above optimum. 

 
3.07 TRENCHING AND BACKFILLING FOR UTILITIES 

 
 A. Trenching: 
 
  1. Trenching shall include the removal of material and obstructions, the installation 

and removal of sheeting and bracing and the control of water as necessary to 
provide the required utilities and services. 

 
  2. Trenches shall be excavated to the lines, grades, and dimensions indicated on the 

Drawings.  Maximum allowable trench width shall be the outside diameter of the 
pipe plus 24 inches, inclusive of any trench bracing. 

 
  3. When the trench bottom is a soft or unstable material as determined by ENGEO, it 

shall be made firm and solid by removing said unstable material to a sufficient 
depth and replacing it with on-site material compacted to 90 percent minimum 
relative compaction. 

 
  4. Where water is encountered in the trench, the contractor must provide materials 

necessary to drain the water and stabilize the bed. 
 
 B. Backfilling: 
 
  1. Trenches must be backfilled within 2 days of excavation to minimize desiccation. 
 
  2. Bedding material shall be sand and shall not extend more than 6 inches above any 

utility lines. 
 
  3. Backfill material shall be select material. 
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  4. Trenches shall be backfilled as indicated or required and compacted with suitable 
equipment to 90 percent minimum relative compaction at the required moisture 
content. 

 
3.08  SUBDRAINS 
 
 A. Trenches for subdrain pipe shall be excavated to a minimum width equal to the outside 

diameter of the pipe plus at least 12 inches and to a depth of approximately 2 inches 
below the grade established for the invert of the pipe, or as indicated on the Drawings. 

 
 B. The space below the pipe invert shall be filled with a layer of Class 2 permeable 

material, upon which the pipe shall be laid with perforations down. Sections shall be 
joined as recommended by the pipe manufacturer. 

 
 C. Rocks, bricks, broken concrete, or other hard material shall not be used to give 

intermediate support to pipes.  Large stones or other hard objects shall not be left in 
contact with the pipes. 

 
 D. Excavations for subdrains shall be filled as required to fill voids and prevent settlement 

without damaging the subdrain pipe.  Alternatively, excavations for subdrains may be 
filled with Class 1 permeable material (as defined in Section 2.06) wrapped in 
Filter Fabric (as defined in Section 2.05). 

 
3.09  AGGREGATE DRAINAGE FILL 
 
 A. ENGEO shall approve finished subgrades before aggregate drainage fill is installed. 
 
 B. Pipes, drains, conduits, and any other mechanical or electrical installations shall be in 

place before any aggregate drainage fill is placed.  Backfill at walls to elevation of 
drainage fill shall be in place and compacted. 

 
 C. Aggregate drainage fill under slabs and concrete paving shall be the minimum uniform 

thickness after compaction of dimensions indicated on Drawings.  Where not 
indicated, minimum thickness after compaction shall be 4 inches. 

 
 D. Aggregate drainage fill shall be rolled to form a well-compacted bed. 
 
 E. The finished aggregate drainage fill must be observed and approved by ENGEO before 

proceeding with any subsequent construction over the compacted base or fill. 
 
3.10  SAND CUSHION 
 



   ENGEO 
   INCORPORATED 

 

 
5716.1.007.01 
April 22, 2005 
 12 

 A. A sand cushion shall be placed over the vapor barrier membrane under concrete slabs 
on grade.  Sand cushion shall be placed in uniform thickness as indicated on the 
Drawings.  Where not indicated, the thickness shall be 2 inches. 

 
3.11  FINISH GRADING 
 
 A. All areas must be finish graded to elevations and grades indicated on the Drawings.  In 

areas to receive topsoil and landscape planting, finish grading shall be performed to a 
uniform 6 inches below the grades and elevations indicated on the Drawings, and 
brought to final grade with topsoil. 

 
3.12  DISPOSAL OF WASTE MATERIALS 
 
 A. Excess earth materials and debris shall be removed from the site and disposed of in a 

legal manner.  Location of dump site and length of haul are th 
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1.0 PROJECT DESCRIPTION 

1.1 Project Description 

The potable water tank will be located on the side of a small hill east of Petaluma Hill Road 
(Figure 1).  The access road will extend from Petaluma Hill Road to the water tank, 
approximately 2,515 feet to the east.  There is a small drainage near the base of the hill on which 
the potable water tank will be located and this drainage will be spanned by a small bridge. 

The project site is located within the Sonoma County directly east of Petaluma Hill Road 
approximately 1,000 feet south of Rohnert Park Expressway.  The site is currently within the 
Diverse Agriculture District and is primarily used for cattle grazing.  The main channel of 
Copeland Creek flows east-west through the property.  

The potable water tank will consist of an 833,000 gallon gravity water tank with a roadway 
surrounding the tank, and the access road to the tank will consist of a 15-foot maximum width 
asphalt-paved road.  The water main required to both fill the tank as well as supply water to the 
Vast Oak project site will be located underneath this access road.  

The water tank will be located in an area to be excavated on the hillside and the excess of soil 
material hauled to a suitable disposal site.  No trees will be removed or destroyed during 
construction of the access road or the water tank. 

1.2 Project Implementation 

The project will occur in two phases; the first, creating both the access road and water tank pad 
and the second, installing the potable water main and constructing the water tank. 

During the first phase, excavation will occur on the tank site and spoils will be hauled to an 
acceptable disposal site.  A small retaining wall will be constructed in order to reduce the 
required grading and minimize the project footprint.  During this phase the access road will be 
rough graded to allow for materials and personnel to access the construction site. 

Best Management Practices (BMPs) will be implemented during the grading operation, including 
construction entrances to prevent dirt from entering Petaluma Hill Road and to minimize dust.  
The BAAQMDs feasible PM10 control measures for construction activities will, according to the 
County’s practice, be included as a note on all construction plans, including the grading permit.  
This project will cover all trucks run on public roadways and water down disturbed areas on the 
project to prevent any unnecessary dust.  Sweepers will also be utilized to prevent accumulation 
of soil on public roadways.  Water from water sweepers shall be contained on-site and not 
discharged directly to the creek. 
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Figure 1.  Potable water tank and access road project area. 

Trucks will enter and exit the project site from Petaluma Hill Road through an existing gate.  
Hauling will only occur during those times specified by the County Traffic Engineer to prevent 
disruptions in the City’s traffic flow patterns.  The trucks will travel over paved surfaces, 
dislodging gravel from the truck wheels prior to entering public roadways.  The project 
proponent will repair any substantial damage occurring on public roadways as a result of this 
truck traffic. 

Although some work will occur adjacent to Copeland Creek and its surrounding watershed, the 
project will not increase the potential for erosion downstream and will not negatively impact the 
capacity of the creek through implementation of the required BMPs as outlined in the agency-
approved storm water pollution prevention plan developed for the project.  Erosion control 
measures will be installed along both the access road and water tank site.  All erosion control 
facilities and BMPs will remain in place until the completion of the site grading and 
improvements, and until the exposed soil surfaces have re-vegetated sufficiently to prevent 
erosion. 
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Construction of the access road and potable water tank will require a grading permit from 
Sonoma County. 

1.3 General Project Area 

The site is a mosaic of annual grassland, oak woodland, and seasonal wetland.  Hinebaugh Creek 
crosses to the north of the site and Copeland Creek runs south of the site Figure 1).  The site is 
currently used to graze cattle and sheep and is surrounded by other undeveloped lands used also 
for grazing, agricultural crop production, or passive recreation (Crane Canyon Regional Park).  
Sonoma State University occupies a site on the west side of Petaluma Hill Road, directly across 
the road from the entrance to the access road to the potable water tank. 

The soils in the western part of the site are mapped by the Soil Conservation Service as Clear 
Lake clays and clay loams.  The Clear Lake clay and clay loam soils developed in mixed alluvial 
material on plains and flat basin areas under poorly drained conditions.  These soils are 
characterized by heavy clay content throughout the profile.  The clay in both soils is as much as 
five feet thick, underlain by clay loam.  The clay acts as a water-restricting horizon, causing 
water to accumulate in the surface soils and above ground in depressional terrain such as the 
headwater swales and vernal pools.  Regardless of the designated status, Clear Lake soils are 
commonly found to be hydric in the absence of local management practices that modify surface 
and near-surface hydrologic conditions.   

The soils on the hilly terrain in the eastern part of the site are Toombs rocky loam.  Goulding 
cobbly clay occurs on the lower slopes and in the valley on the north side of the hills.  Both the 
Toombs and Goulding soils are upland soils. 
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2.0 BIOLOGICAL RESOURCES 

The following discussion of biological resources in the project area is taken from the following 
two sources, which have been appended to this SUMMARY report: 

RESULTS OF 1998 SURVEY FOR SPECIAL-STATUS PLANT SPECIES, VAST OAK EAST, SONOMA 
COUNTY, CALIFORNIA, Submitted to Mr. Craig Harrington, Quaker Hill Development 
Corporation, Healdsburg, CA, Prepared by Laurence P. Stromberg, Ph.D. dated June 30, 1998. 

HABITAT ASSESSMENT AND FIELD STUDIES FOR SPECIAL-STATUS WILDLIFE, VAST 
OAK PROJECT SITE, SONOMA COUNTY, CALIFORNIA, Submitted to Mr. Craig Harrington, 
Quaker Hill Development Corporation, Healdsburg, CA, Prepared by Biosearch Wildlife 
Surveys dated November 29, 2000. 

In addition to these documents, which are appended to this report, two biological assessments 
were prepared to address impacts related to construction of the Vast Oak project, just west of 
Petaluma Hill Road and north of Rohnert Park Expressway.  One of the biological assessments 
addressed possible impacts to the threatened California tiger salamander and the other biological 
assessment addressed possible impacts to listed plant species and invertebrate, fish and other 
wildlife species. The study area for the studies that supported the findings of the biological 
assessment included the property area where the potable water tank and access road will be 
constructed.  The biological assessments f included the following: 

BIOLOGICAL ASSESSMENT CALIFORNIA TIGER SALAMANDER (Ambystoma californiense) 
VAST OAK PROPERTIES ROHNERT PARK, CA, Submitted to U.S. Fish and Wildlife Service 
c/o U.S. Army Corps of Engineers by Vast Oak Properties, dated July 2003  

PRELIMINARY BIOLOGICAL ASSESSMENT FOR VAST OAK PROPERTIES, UNIVERSITY 
SPECIFIC PLAN AREA, ROHNERT PARK, CA, Submitted to: U.S. Fish and Wildlife Service 
and National Marine Fisheries Service c/o U.S. Army Corps of Engineers by Vast Oak 
Properties. Dated September, 2003 

2.1 Habitat 

Seasonal Wetlands.  Compositionally, the seasonal wetlands are quite varied. The species found 
most commonly are popcorn flower (Plagiobothrys stipitatus), ryegrass (Lolium perenne), 
tidytips (Layia chrysanthemoides), curly dock (Rumex crispus), and Mediterranean barley 
(Hordeum marinum var. gussoneanum).  In the wetter areas (ie., in the seasonal wetlands in the 
creeks located outside the project area), pennyroyal (Mentha pulegium), California semaphore 
grass (Pleuropogon californicus), brown-headed rush (Juncus phaeocephalus), water starwort 
(Callitriche marginata), Douglas meadowfoam (Limnanthes douglasii), and monkey flower 
(Mimulus guttatus) are also present. 

Defined Drainages.  The drainage at the base of the hill just below the location of the potable 
water tank has a total area of 7,154 s.f. (0.164 acres) and varies in width from five to 19 feet.  
The bottom is 16 inches to three feet below the banks where the drainage is defined.  The deeper 



Evaluation of Biological Resources 
Potable Water Tank and Access Road 

 

 

5

areas are depressional, hold water longer, and are ponded throughout the winter rainy season.  
Where hydrophytic vegetation is present, the wetland is dominated by tall flatsedge.  Rabbitsfoot 
grass, pennyroyal, curly dock, and spikerush (Eleocharis macrostachya) are locally dominant.  
Subdominant species include ryegrass, bermuda grass (Cynodon dactylon), fiddle dock, purple 
loosestrife (Lythrum hyssopifolium), and cocklebur.   

The second partially defined drainage forms in the southeast quarter of the field, across which 
the access road will be constructed, crosses through the center of the field, parallels the northern 
property line, and then is “captured” by an abandoned access road into the area from a gate along 
Petaluma Hill Road (where the access road to the potable water tank will originate).  The 
drainage has a total area of 18,819 s.f. (0.431 acres), is defined except for the western 615 feet, 
and varies in width from three to 12 feet.  The average width increasing downgradient from east 
to west, and becoming widest within the limits of the access road.  The vegetation is dominated 
by ryegrass and California semaphore grass.  Subdominant species include rabbitsfoot grass, 
little rattlesnake grass, fiddle dock, curly dock, bur clover (Medicago polymorpha), toad rush 
(Juncus bufonius), and subterranean clover. 

Annual Grassland.  The annual grassland which make up most of the field that will be crossed 
by the access road is dominated by the typical array of annual introduced grasses, including 
ryegrass, soft chess (Bromus hordeaceus), hare barley (Hordeum murinum ssp. leporinum), 
ryegrass, oats (Avena fatua and A. barbata), and ripgut brome (Bromus rigidus).  Cutleaf 
geranium (Geranium dissectum), filarees (Erodium spp.), butter and eggs (Triphysaria eriantha), 
parentucellia (Parentucellia viscosum), blue dicks (Dichelostemma capitatum ssp. capitatum), 
Ithuriel’s spear (Triteleia laxa), dog fennel (Anthemis cotula), mustards (including Sisymbrium 
irio and Brassica campestris), and wild radish (Raphanus sativus) are among the more common 
forbs in the grassland. 

On the shallower soils on the hillsides, several species not found in the finer-textured lowland 
soils were present.  These include larkspur (Delphinium decorum), California poppy 
(Eschscholzia californica), catchfly (Silene gallica), purple owl’s clover (Orthocarpus 
purpurascens), bracken fern (Pteridium aquilinum) and poison oak (Toxicodendron diversiloba) 
(both found around rock outcrops), gilia (Navarretia intertexta), fiddleneck (Amsinckia 
intermedia), dogtail grass (Cynosurus echinata), and soap plant (Chlorogalum pomeridianum). 

Oak Woodland.  The oak woodland occurs on the upper slopes of the hill in the eastern part of 
the Vast Oak site.  The tree species include coast live oak (Quercus agrifolia), buckeye 
(Aesculus californica), and Garry oak (Quercus garryana).  Poison oak and snowberry 
(Symphoricarpos sp.) occur in the understory.  The woodland is a relatively open community 
although it is characterized by an almost closed canopy near the ridge line. 

Jurisdictional Wetlands.  The location and extent of wetlands potentially subject to the 
jurisdiction of the U.S. Army Corps of Engineers (Corps) pursuant to section 404 of the Clean 
Water Act are shown in Figure 2.  The delineation report isfinalized and will be submitted on 
May 27, 2005 to the Corps for its verification but the extent and location of wetlands indicated 
on Figure are a fair representation of wetland occurrence in the project area. 
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Special-status Plant Species.  The potable water tank site and access road are located east of 
Petaluma Hill Road on the north side of Copeland Creek.  The only species observed in the areas 
studied east of Petaluma Hill Road (the Anderson 128) was Lobb’s aquatic buttercup, which was 
observed in a vernal pool in the southeast corner of the Anderson 48 site, which is outside the 
project boundary for the potable water tank and access road. The findings of rare plant surveys 
conducted By Dr. Laurence Stromberg in 1995, 1997, and 1998 surveys are a sufficient basis for 
determining that, except for Lobb’s aquatic buttercup, no special-status plant species are present 
on the project site. 

2.2 Wildlife 

Several special-status vertebrate species occur or historically occurred in the region and were 
determined to have the potential to inhabit the project site. The California Department of Fish 
and Game (CDFG) reported observations of steelhead in Copeland Creek and this was confirmed 
by studies conducted by ENTRIX for the University Specific Plan Area.  The project site is 
outside the range of the federally threatened California red-legged frog as delineated by the U. S. 
Fish and Wildlife Service and none have been detected during four years of focused surveys.  
The small drainage at the bottom of the hill below the location of the potable water tank was 
surveyed on multiple occasions for California tiger salamander (CTS) larvae and none have been 
found.  The U.S. Fish and Wildlife Service found that development of the Vast Oak project 
would not likely to result in a take of the CTS. 

The primary wildlife habitat in the project area is non-native annual grassland that is currently 
used for grazing cattle and sheep. The far northern part of the site is used to grow row crops. A 
hill rises steeply in the southern portion and supports oak woodland and oak savannah. Copeland 
Creek, where it forms a portion of the southern edge of the site, is degraded and contains no 
riparian vegetation. A line of eucalyptus trees is present along this portion of Copeland Creek. A 
seasonal swale that contains several small pools flows around the south side of the hill below the 
location of the potable water tank and drains into Hinebaugh Creek some distance to the north of 
the project site. Residences and associated structures are located on the northwestern side of the 
hill. Several non-native trees are present in this area. The parcel abuts Crane Creek Regional 
Park on the east. and open space is currently present to the north and south as well. 

Five other special-status species were observed in the project area, as described in the report 
prepared by Biosearch Wildlife Surveys. The white-tailed kite. a CDFG fully protected species. 
was observed foraging and roosting both east and west of Petaluma Hill Road. Potential nesting 
habitat for this species is present along Copeland Creek and in the oaks in the project area, 
although it did not nest in these oaks in 1994 or 2000. The grasshopper sparrow, listed as a U.S. 
Fish and Wildlife Service (USFWS) Migratory Non-game Bird of Management Concern, was 
observed during the nesting season in 2000 in the grasslands east of Petaluma Hill Road and in 
fallow fields west of Petaluma Hill Road. The foothill yellow-legged and western pond turtle, 
CDFG protected species and species of special concern, and the yellow warbler, a CDFG species 
of special concern and USFWS Migratory Non-game Bird of Management Concern, were 
observed along Copeland Creek. 
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Suitable habitat is present, and recent records exist in the region, for other special-status wildlife, 
including Cooper's hawk, loggerhead shrike, California horned lark. pallid bat and Townsend's 
big-eared bat. The rest of the species under consideration have a low likelihood of inhabiting the 
study site due to the lack of breeding, nesting or wintering habitat, the lack of recent records 
from the region, and/or the lack of observations during focused surveys. 

The foothill yellow-legged frog and western pond turtle, CDFG protected species and species of 
special concern, and the yellow warbler, a CDFG species of special concern and USFWS 
Migratory Non-game Bird of Management Concern, were detected along Copeland Creek 
primarily west of Petaluma Hill Road and the project area but there was a sighting of foothill 
yellow-legged frog in Copeland Creek just east of the Petaluma Hill Road culvert.  Foothill 
yellow-legged frogs must escape high waters during the winter and have been recorded up to 150 
feet from aquatic habitats. Western pond turtles also must escape high water and will travel up to 
2,500 feet to construct nests in grasslands, agricultural fields and other open habitats.  

While suitable nesting habitat for the yellow warbler is present along Copeland Creek west of 
Petaluma Hill Road. Copeland Creek in the eastern portion of the site lacks riparian cover, and 
does not provide habitat for yellow warblers.  The Cooper's hawk, California horned lark, 
loggerhead shrike, pallid bat, Townsend's big-eared bat and Yuma myotis are considered to have 
a moderate potential to inhabit the project area during the breeding season. The ferruginous hawk 
has a moderate potential to occur on the site during the winter. The rest of the specials-status 
species under consideration are considered to have a low potential to inhabit the project area due 
to the lack of breeding, nesting or wintering habitat, the lack of recent records from the region, 
and/or the lack of observations during focused surveys. 
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3.0 PROJECT IMPACTS AND MITIGATION 

3.1 Project Impacts 

Construction of the access road will directly impact approximately 0.064 acres of seasonal 
wetlands (see Figure 2 for location of seasonal wetlands) and 0.611 acres of annual grassland 
habitat and construction of the potable water tank will impact approximately 0.268 acres of 
annual grassland habitat associated with the oak woodlands on the hill site.  The seasonal 
wetlands and annual grassland habitat has been subject to grazing for many years and as a result 
are degraded and offer poor habitat quality.  The impacts of construction and operation of the 
access road and potable water tank will be limited to the immediate area of direct impacts and 
little indirect impacts are expected.  The access road will not be subject to frequent travel. 

The access road may prevent some over land flow that contributes to the hydrology of the 
seasonal wetlands on the remainder of the flat land areas south of the access road direct rainfall 
and overland flow from the surrounding area should be sufficient to maintain the hydrology of 
the remainder of the seasonal wetlands in the vicinity of the project. 

3.2 Mitigation  

Impacts to the approximately 0.064 acres of degraded seasonal wetlands will feasibly be 
mitigated by one of the following means: 

• the applicant has existing credits purchased from the agency approved Hale Wetlands 
Mitigation Bank, which are more than sufficient to offset fill of 0.064 acres; or 

• the applicant is under contract to purchase the credits from the proposed Hazel Mitigation 
Bank once the bank is approved by the agencies; or 

• the applicant is proposing construction of wetlands on nearby property controlled by the 
applicant to offset fill of wetlands for the Vast Oak project and it should be feasible to 
construct an additional 0.064 acres at one of these sites. 



Ted P. Winfield
Text Box
Figure 2.  Project impacts to wetland habitat.  
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RESULTS OF 1997 SURVEY
FOR SPECIAL-STATUS PLANT SPECIES

VAST OAK EAST, SONOMA COUNTY,
CALIFORNIA

1.0.  SUMMARY

This report presents the results of  a survey conducted in the late spring of 1998 at the request of
Mr. Craig Harrington of Quaker Hill Development Corporation for special-status plant species on
the Vast Oak East site east of the Petaluma Hill Road near Rohnert Park.  The Vast Oak East site
is 213.6 acres and comprises A. P. Nos. 047-132-12, 047-132-29, and 047-132-02, the latter referred
to in previous reports as the “Anderson 48.”

The Vast Oak East site is a mosaic of  annual grasslands, vernal pools (Anderson 48 only), seasonal
wetlands, defined drainages, and oak woodland surrounded by lands which, with the exception of
California State University at Sonoma to the southwest across Petaluma Hill Road, are essentially
undeveloped.  Although they have not been delineated as part of this report, the seasonal wetlands
and defined drainages are jurisdictional habitats subject to the regulatory authority of  the U. S.
Army Corps of Engineers.

Previous surveys of the site or parts thereof have been conducted by Waaland (1992, 1993) and
Stromberg (1995a, 1995b, 1997).  The sole special-status plant species observed in these surveys
has been Lobb’s aquatic buttercup (Ranunculus lobbii), a list-4 species, in a vernal pool in the
southeast corner of the Anderson 48 site.  The species has been observed in the same vernal pool
in 1995, 1996 (a year for which no survey was conducted but during which observations were
made), and 1997.
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2.0.  INTRODUCTION

2.1.  SITE LOCATION AND PHYSICAL DESCRIPTION

.The Vast Oak East site is located northeast of the City of Rohnert Park.  It is situated in the
watersheds of Hinebaugh and Copeland Creeks, east of the intersection of Petaluma Hills Road and
Rohnert Park Expressway (Figure 1).  The Vast Oak East site is outside the limits of study for the
Santa Rosa Plain Vernal Pool Ecosystem Preservation Plan in preparation by CH2M Hill (CH2M
Hill 1995) for the Santa Rosa Plain Vernal Pool Task Force and the area over which the Corps of
Engineers has conditioned its Nationwide Permit 26.

The site is a mosaic of  annual grassland, oak woodland, and seasonal wetland.  Hinebaugh Creek
crosses the northeastern part of the site, exiting the Vast Oak site and reentering it downstream in
the Anderson 48.  Copeland Creek runs along the southern boundary in the southwest part of the site.
The site is currently used to graze cattle and sheep and is surrounded by other undeveloped lands
used also for grazing, agricultural crop production, or passive recreation (Crane Canyon Regional
Park).  Sonoma State University occupies a site on the west side of Petaluma Hill Road, directly
across the road from the southernmost field in the Vast Oak East site.
  
The western half of the Vast Oak East site is relatively level to slightly rolling ground. The eastern
half of the site, which abuts Crane Canyon Regional Park and forms the head watershed of
Hinebaugh Creek, is steep, hilly land with shallow parent rock and many outcrops.  

The soils in the western part of the site are mapped by the Soil Conservation Service  as Clear Lake
clays and clay loams (U. S. Department of Agriculture 1972).  The Clear Lake clay and clay loam
soils developed in mixed alluvial material on plains and flat basin areas under poorly drained
conditions.  These soils are characterized by heavy clay content throughout the profile.  The clay in
both soils is as much as five feet thick, underlain by clay loam.  The clay acts as a water-restricting
horizon, causing water to accumulate in the surface soils and above ground in depressional terrain
such as the headwater swales and vernal pools.  Regardless of the designated status, Clear Lake soils
are commonly found to be hydric in the absence of local management practices that modify surface
and near-surface hydrologic conditions.  Investigations conducted during the winter and spring of
1997-98 revealed that the soils in the field at the southern end of the Vast Oak East site include thick
cobble lenses which carry infiltrated water toward Copeland Creek and elsewhere, leaving the
surface soils drier than would be expected.

The soils on the hilly terrain in the eastern part of the site are Toombs rocky loam.  Goulding cobbly
clay occurs on the lower slopes and in the valley on the north side of the hills.  Both the Toombs and
Goulding soils are upland soils.

3.0.  METHODS
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The target species for which the survey was conducted are the special-status species listed in the
draft Santa Rosa Plain Vernal Pool Ecosystem Preservation Plan prepared for the Santa Rosa Plain
Vernal Pool Task Force  (CH2M Hill 1996) and identified in California Natural Diversity Data Base
records.  Target species include those species whose range includes the region and which, by virtue
of their known occurrence in the vicinity,  were considered to have the potential to occur on the site
given their habitat requirements and the types of habitat present.  These species are listed in the table
in Appendix A.

The field survey was conducted by thoroughly searching each wetland and conducting a transect
survey of the riparian and annual grassland habitats on April 8, April 30, and May 24,1998.  Because
of the heavy winter and spring rainfall, the site visits were conducted later than usual, but well
within the “window” during which virtually all target species were either in flower or would be
readily identifiable to species.  These habitat types are briefly described in the following section.

Although no project is yet proposed for the site, the survey methods used were consistent with the
guidelines established by the California Department of Fish and Game for assessing the effects of
proposed developments on rare and endangered plants and plant communities. Distributional
information for the three species listed as endangered by the federal government -- Sonoma sunshine
(Blennosperma bakeri), Sebastopol meadowfoam (Limnanthes vinculans), and Burke’s goldfields
(Lasthenia burkei) -- was obtained from Appendix B to the Vernal Pool Ecosystem Preservation
Plan (CH2M Hill 1996).   The previous 1995 and 1997 surveys also provided bases for determining
how to allocate the survey effort for the survey reported herein.

Information on distributional and habitat requirements of the target species was obtained from flora
(Mason 1975, Munz and Keck 1968, Hickman et al 1993) and the Vernal Pool Ecosystem
Preservation Plan.
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4.0.  SURVEY RESULTS

4.1.  VEGETATION TYPE DESCRIPTIONS

The objective of this report is to present the results of a special-status plant species survey.  Full
habitat descriptions and assessments were, therefore, not made.  However, brief descriptions of  the
habitats are provided in the following sections.

4.1.1.  Vernal Pools

Vernal pools are  a subclass of seasonal wetlands distinguished from other wetlands in the class on
the basis of their configuration (which often implies something about whether their origin is natural
or artificial); their microtopography (their depth or the height of the outlet barrier, which determines
how deep water can pond); their apparent water relations (whether or not they typically contain
standing water and how long water was present, or whether or not the only the soils were saturated
during the wet portion of the growing season); and the species richness of the vegetation.  The draft
Santa Rosa Plain Vernal Pool Ecosystem Preservation Plan (CH2M Hill 1996) prepared for the
Vernal Pool Task Force defines vernal pools to be:

“seasonal wetlands that form in depressions as a result of a shallow,
relatively impermeable soil layer that restricts downward movement
of water, along with an outlet barrier, causing seasonal ponding.
Although the vegetation composition of vernal pools varies as a result
of land use practices and annual rainfall and temperature, the vege-
tation in relatively undisturbed vernal pools is typically characterized
by native annual species such as those listed in Table 3-1, many of
which are usually found in vernal pool/swale complexes.”

Although some of the vernal pools on the Santa Rosa Plain are isolated (many due to the
fragmentation to the regional drainage system), many also occur on drainage swales. In either
situation, they are characterized by an outlet barrier.  In swales, they retain water after runoff from
rainfall events and surface runoff has “passed through.”

On the Vast Oak East site, vernal pools occur only on the Anderson 48 site.  Although the pools
were not topographically surveyed, based on hydrologic (algal crusts, deep cattle prints, water-
matted mulch, etc.) and vegetative evidence (abundant obligate wetland species typically found in
moderately deep pools),  they appear capable of ponding water to depths of at least six to eight
inches during the winter rainy season.  The dominant species in the pools include California
semaphore grass (Pleuropogon californicus), smooth goldfields (Lasthenia glaberrima), popcorn
flower (Plagiobothrys stipitatus var. micranthus), and perennial ryegrass (Lolium perenne).  Several
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of the vernal pool species listed in the Vernal Pool Ecosystem Preservation Plan occur in both the
vernal pools and the connecting swales.  These species include fringed downingia (Downingia
concolor), water starwort (Callitriche marginata), Lobb’s buttercup (Ranunculus lobbii), spikerush
(Eleocharis macrostachya), flowering quillwort (Lilaea scilloides), toad rush (Juncus bufonius),
speedwell (Veronica peregrina), American pillwort (Pilularia americana), and coyote thistle
(Eryngium aristulatum).

4.1.2.  Seasonal Wetlands

Seasonal wetlands occur at the margin of Hinebaugh Creek, on the lower slopes of the hills in the
eastern part of the site, and in the southwestern part of the site.  Small seasonal wetlands also occur
in and along Hinebaugh and Copeland Creeks.  The wetlands along Hinebaugh Creek are subject
to flooding when flow exceeds the limited channel capacity.  They are generally shallow or lack an
outlet barrier and do not pond water for long periods in the manner of vernal pools.  Those wetlands
in the channel typically occur in sediments where the banks have slumped and remain ponded when
other parts of the channel contain only trace amounts of water. The seasonal wetlands on the slope
are seep-related wetlands that are not ponded although water that flows toward Hinebaugh Creek
is detained in the hoof-prints made by cattle.

Compositionally, the seasonal wetlands are quite varied. The species found most commonly are
popcorn flower (Plagiobothrys stipitatus), ryegrass (Lolium perenne), tidytips (Layia chrysanthem-
oides),  curly dock (Rumex crispus), and Mediterranean barley (Hordeum marinum var. gusson-
eanum).  In the wetter areas (ie., in the seasonal wetlands in the creeks), pennyroyal (Mentha
pulegium), California semaphore grass (Pleuropogon californicus), brown-headed rush (Juncus
phaeocephalus), water starwort (Callitriche marginata), Douglas meadowfoam (Limnanthes
douglasii), and monkey flower (Mimulus guttatus) are also present.

4.1.3.  Defined Drainages

Hinebaugh Creek is a shallow channel, flowing along a steep gradient between the hills in the
eastern part of the site.  It increases in depth and width downstream.  The creek varies in width from
three to five feet and the active channel is typically a foot to 18 inches deep.  Where pools occur,
the depth may be as much as eight inches greater.  No water was present except as traces in the pools
at the time of the field survey.

Copeland Creek is a much larger drainage with a much greater contributing watershed.  It is
approximately 10 to 20 feet wide and the active channel is five to six feet below the top of banks.
Much of the channel bottom of Copeland Creek is a cobbly unvegetated substrate.

4.1.4.  Annual Grassland
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The annual grassland habitat is representative of the type as it occurs in the region.  Some fields, i.e.,
the southwesternmost pasture, had been heavily grazed by the time of the survey and the live
vegetation had been reduced to a low stubble of a couple of inches.  Others had yet to be grazed.

The annual grassland is dominated by the typical array of annual introduced grasses, including
ryegrass, soft chess (Bromus hordeaceus), hare barley (Hordeum murinum ssp. leporinum), ryegrass,
oats (Avena fatua and A. barbata), and ripgut brome (Bromus rigidus).  Cutleaf geranium (Geranium
dissectum), filarees (Erodium spp.), butter and eggs (Triphysaria eriantha), parentucellia
(Parentucellia viscosum), blue dicks (Dichelostemma capitatum ssp. capitatum), Ithuriel’s spear
(Triteleia laxa), dog fennel (Anthemis cotula), mustards (including Sisymbrium irio and Brassica
campestris), and wild radish (Raphanus sativus) are among the more common forbs in the grassland.

On the shallower soils on the hillsides, several species not found in the finer-textured lowland soils
were present.  These include larkspur (Delphinium decorum), California poppy (Eschscholzia
californica), catchfly (Silene gallica), purple owl’s clover (Orthocarpus purpurascens), bracken fern
(Pteridium aquilinum) and poison oak (Toxicodendron diversiloba) (both found around rock
outcrops), gilia (Navarretia intertexta), fiddleneck (Amsinckia intermedia), dogtail grass (Cynosurus
echinata), and soap plant (Chlorogalum pomeridianum).

4.1.5.  Oak Woodland

The oak woodland occurs on the upper slopes of the hill in the eastern part of the Vast Oak site.  The
tree species include coast live oak (Quercus agrifolia), buckeye (Aesculus californica), and Garry
oak (Quercus garryana).  Poison oak and snowberry (Symphoricarpos sp.) occur in the understory.
The woodland is a relatively open community although it is characterized by an almost closed
canopy near the ridge line.

4.2.  SPECIAL-STATUS PLANT SPECIES

Although suitable habitat for many of the species is present, none of the species listed in Appendix
A were observed on the Vast Oak East site except for Lobb’s aquatic buttercup, which was observed
in a vernal pool in the southeast corner of the Anderson 48 site by Stromberg in 1995. The findings
of the 1995, 1997, and 1998 surveys should satisfy agency requirements and be accepted as a
sufficient basis for determining that, except for Lobb’s aquatic buttercup (Figure 2), no special-
status plant species are present on the Vast Oak East site.

Appendix B lists the species observed in the above habitats during the field survey.
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APPENDIX B.
Plant Species Observed During the Spring, 1997 Survey

for Special-status Plant Species on the 
Vast Oak East Site, Sonoma County, California

                                                                                                                                                      
CLASS
Family

Scientific Name Common Name
                                                                                                                                                      

DICOTYLEDONAE
Anacardiaceae - Sumac Family

Toxicodendron diversiloba Poison oak
Apiaceae - Parsley Family

Daucus carota Queen Anne's lace
Sanicula arctopoides Footsteps of spring
Sanicula bipinnatifida Purple sanicle

Asteraceae - Sunflower Family
Achillea millefolium Yarrow
Achyrachaena mollis Blow-wives
Agoseris sp. Cat’s ear
Carduus pycnocephala Italian thistle
Centaurea solstitialis Yellow starthistle
Chamomilla suaveolens Pineapple weed
Filago sp. Herba impia
Hyperevax caulescens Evax
Hypocheris glabra Cat’s ear
Lasthenia californica Goldfields
Lactuca serriola  Wild lettuce
Picris echioides Bristly ox-tongue
Psilocarphus brevissimus Wooly marbles

Boraginaceae - Borage Family
Amsinckia intermedia Fiddleneck
Plagiobothrys nothofulvus Popcorn flower
Plagiobothrys stipitatus spp. micranthus Popcorn flower

Brassicaceae - Mustard Family
Brassica campestris Field mustard
Brassica geniculata Short-pod mustard
Capsella bursa-pastoris Shepard’s purse
Lepidium nitidum var. nitidum Peppergrass
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Plant Species Observed During the 1997 Survey for
Special-status Plant Species on the 

Vast Oak East Site, Sonoma County, California
                                                                                                                                                      
CLASS
Family

Scientific Name Common Name
                                                                                                                                                      

Raphanus sativus Wild radish
Sisymbrium irio London rocket

Callitricaceae - Water starwort Family
Callitriche marginata Winged water starwort

Campanulaceae - Bellflower Family
Downingia concolor Fringed downingia

Caryophyllaceae - Pink Family
Cerastium viscosum Mouse-ear chickweed
Silene gallica Catchhfly (windmill pink)
Spergularia sp. Sand spurrey
Stellaria media Common chickweed

Convolvulaceae - Morning-glory Family
Convolvulus arvensis Field bindweed

Crassulaceae - Stonecrop Family
Crassula erecta Sand pygmy weed

Fabaceae - Pea Family
Acacia melanoxylon Blackwood acacia
Lotus humistratus Bird’s-foot trefoil
Lupinus bicolor Miniature lupine
Lupinus nanus Lupine
Medicago polymorpha Bur-clover
Trifolium barbigerum var. andrewsii Gray’s clover
Trifolium depauperatum

var. depauperatum Dwarf sack clover
Trifolium hybridum Alsike clover
Trifolium pratense Red clover
Trifolium repens Clover
Trifolium subterraneum Subterranean clover
Trifolium variegatum Clover
Trifolium wormskoldii Dwarf sack clover
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Special-status Plant Species on the 
Vast Oak East Site, Sonoma County, California

                                                                                                                                                      
CLASS
Family

Scientific Name Common Name
                                                                                                                                                      

Vicia sativa Vetch
Fagaceae - Oak Family

Quercus agriofolia Coast live oak
Quercus garryana Garry oak

Geraniaceae - Geranium Family
Erodium botrys Filaree
Erodium cicutarium Red-stemmed Filaree
Erodium moschatum White-stem Filaree
Geranium dissectum Cutleaf geranium

Hippocastanaceae - Buckeye Family
Aesculus californica Buckeye

Labiatae - Mint Family
Mentha pulegium Pennyroyal

Limnanthaceae - Meadowfoam Family
Limnanthes douglasii Douglas’ meadowfoam

Lythraceae  - Loosestrife Family
Lythrum hyssopifolium Purple loosestrife

Papaveraceae - Poppy Family
Eschscholzia californica California poppy

Plantaginaceae - Plantain Family
Plantago lanceolata English plantain
Plantago major Common plantain

Polygonaceae - Buckwheat Family
Polygonum arenastrum Knotweed
Rumex acetosella Sheep sorrel
Rumex crispus Curly dock
Rumex pulcher Dock

Portulaceae - Purslane Family
Calandrinia ciliata Red maids
Montia perfoliata Miner’s lettuce
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Vast Oak East Site, Sonoma County, California
                                                                                                                                                      
CLASS
Family

Scientific Name Common Name
                                                                                                                                                      

Primulaceae - Primrose Family
Anagallis arvensis Scarlet pimpernel

Ranunculaceae - Buttercup Family
Delphinium decorum Larkspur
Ranunculus californicus California buttercup
Ranunculus lobbii Lobb’s aquatic buttercup
Ranunculus orthorynchus Straight-beaked buttercup

Schrophulariaceae - Figwort Family
Mimulus guttatus Monkeyflower
Orthocarpus purpuascens Purple owl’s clover
Parentucellia viscosum Parentucellia
Triphysaria eriantha Butter and eggs

MONOCOTYLEDONAE
Cyperaceae - Sedge Family

Cyperus eragrostis Umbrella sedge
Eleocharis acicularis Miniature spikerush
Eleocharis macrostachya Spikerush

Iridaceae - Iris Family
Sisyrinchium bellum Blue-eyed grass

Juncaceae - Rush Family
Juncus balticus Twisted rush
Juncus bufonius Toad rush
Juncus capitatus Capitate rush
Juncus effusus Ruch
Juncus phaeocephalus Brown-headed rush

Liliaceae - Lily Family
Brodiaea terrestris Dwarf brodiaea
Chlorogalum pomeridianum Soap plant

APPENDIX B (Cont’d.)
Plant Species Observed During the 1997 Survey for

Special-status Plant Species on the 
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CLASS
Family

Scientific Name Common Name
                                                                                                                                                      

Dichelostemma capitatum
ssp. capitatum Blue dicks

Triteleia laxa Ithuriel’s spear
Poaceae - Grass Family

Aira caryophyllea Silver hairgrass
Avena barbata Slender wild oat
Avena fatua Wild oat

Briza minor Little rattlesnake grass
Bromus diandrus Ripgut brome
Bromus hordeaceus Soft chess
Bromus madritensis

ssp. rubens Red brome
Cynosurus echinatus Dogtail grass
Danthonia californica Oatgrass
Glyceria occidentalis Manna grass
Hordeum marinum  ssp. gussoneanum Mediterranean barley
Hordeum murinum ssp. leporinum Hare barley
Lolium perenne Perennial ryegrass
Poa annua Annual bluegrass
Polypogon monspeliensis Rabbitfoot grass
Nassella pulchra Needlegrass
Vulpia bromoides Six-weeks fescue
Vulpia myuros Rat-tail fescue
Vulpia octoflora Fescue
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HABITAT ASSESSMENT AND FIELD STUDIES 
FOR SPECIAL-STATUS WILDLIFE, 

VAST OAK PROJECT SITE, 
SONOMA COUNTY, CALIFORNIA 

SUMMARY 

An assessment of wildlife habitats for special-status vertebrates was conducted at the Vast Oak project 
site located near Rohnert Park in Sonoma County. California. I11 addition. focused surveys were 
performed for special-status amphibians, reptiles and nesting birds. The results of previous field studies 
for special-status wildlife performed onsite from 1994-1996 are also summarized. The study area covers 
approximately 540 acres of mostly flat to moderately-steep terrain located at the eastern edge of Rohnert 
Park. 

The site consists of two parcels, one east and one west of Petaluma Hill Road. West of Petaluma Hill 
Road, the bulk of the property is currently in agricultural production. Copeland Creek borders the parcel 
on the south and supports riparian habitat. Hinebaugh Creek crosses the northern part of the parcel and 
supports a band of willows. The portion of the property east of Petalulna Hill Road is largely annual 
grassland that is currently used to graze sheep and cattle. A portion of this parcel is used to grow row 
crops. A prominent ridge in the eastern part of the site supports oak woodland and savannah. 

Several special-status vertebrate species occur or historically occurred in the region and were determined 
to have the potential to inhabit the project site. The California Department of Fish and Game (CDFG) 
reported observations of steelhead in  Copeland Creek (ESA 2000), and this species is currently the only 
vertebrate listed as threatened or endangered by state or federal governments that is known to inhabit the 
project site. The project site is outside the range of the federally threatened California red-legged frog as 
delineated by the U. S. Fish and Wildlife Service (Miller, et ul. 1996), and none have been detected 
during foi~r years of focused surveys. 

Five other special-status species were observed onsite. The white-tailed kite. a CDFG fully protected 
species. was observed foraging and roosting both east and west of Petaluma Hill Road. Potential nesting 
habitat for this species is present along Copeland Creek and in the oaks onsite, although it did not nest 
onsite in 1994 or 2000. The grasshopper sparrow, listed as a U.S. Fish and Wildlife Service (USFWS) 
Migratory Nongarne Bird of Management Concern, was observed during the nesting season in 2000 in 
the grasslands east of Petaluma Hill Road and in fallow fields west of Petaluma Hill Road. The foothill 
yellow-legged and western pond turtle, CDFG protected species and species of special concern, and the 
yellow warbler, a CDFG species of special concern and USFWS Migratory Nongame Bird of Management 
Concern, were observed along Copeland Creek. 

Suitable habitat is present, and recent records exist in the region, for other special-status wildlife, 
including Cooper's hawk, loggerhead shrike, California horned lark. pallid bat and Townsend's big-eared 
bat. The rest of the species under consideration have a low likelihood of inhabiting the study site due to 
the lack of breeding, nesting or wintering habitat, the lack of recent records from the region, andlor the lack 
of observations during focused surveys. 
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1.0 INTRODUCTION 

The Vast Oak site consists of two separate parcels east of Rohnert Park in Sonoma County, California. At 
the request of Quaker Hill Development Corporation, Biosearch Wildlife Surveys conducted focused 
surveys for special-status amphibians and reptiles in 1994, 1995 and 1996 and focused surveys for nesting 
special-status birds in 1994 (Biosearch Wildlife Surveys 1996; 1997). Focused surveys for special-status 
amphibians and reptiles, and nesting special-status birds were repeated on the site in 2000. This document 
sum~narizes the results of all surveys between 1994 and 2000, and provides an assessment of habitat 
suitability for all special-status wildlife known from the region. The site has been surveyed previously for 
special-status plants (Stromberg 1995, 1996. 1997, 1998. 1999) and special-status insects (Aniold 1994). A 
wetland delineation has also been prepared (Stromberg 2000). 

2.0 METHODS 

2000 Surveys. All field work in 2000 was performed by wildlife biologists Mark Allaback, David Laabs, 
Caleb Murphy and Paul Heady 111. The project area was surveyed on foot and wildlife habitats were 
identified. Unique habitat features and potentially suitable habitat for special-status wildlife species were 
noted and mapped. All wildlife species observed or detected by sign were recorded (Appendix I). 

A record search of the California Natural Diversity Data Base (CNDDB) for the Cotati USGS 7.5' series 
quadrangle was conducted. Range maps, locality records and habitat associations were reviewed for all 
special-status wildlife species to assess their likelihood to inhabit the study site. The potential for special- 
status species to inhabit the study area was assessed based on the presence of necessary habitat 
characteristics and confirmed records from the region. 

Focused surveys for riparian-nesting birds including yellow-billed cuckoo, yellow warbler, and yellow- 
breasted chat were performed along Copeland and Hinebaugh Creeks on 26 April, 24 May and 14 June 
2000. A single transect was walked between the hours of 0530 and 0900 along the entire length of each 
drainage where they pass through the study area. All birds heard or seen were identified and counted. 
Surveys for tree-nesting raptors including Cooper's hawk, golden eagle and wh ite-tai led kite were 
conducted on 30 June 2000. Point counts were made from prominent vantages to search for raptors. 
Trees were systematically searched for stick nests. Surveys for ground- and shrub-nesting birds 
including northern harrier, California horned lark, loggerhead shrike, grasshopper sparrow and burrowing 
owl were conducted on 30 June 2000. Transects were walked through the grasslands and oak woodland 
east of Petalulna Hill Road to search for nesting birds. 

Two dajtirne surveys for special-status amphibians and aquatic reptiles including northern red-legged 
frog, foothill yellow-legged frog and western pond turtle were performed along Copeland and Hinebaugh 
Creeks on 24 May and 26 June 2000. Surveys were conducted by slowly walking in or along each stream, 
pausing to scan open water areas, the stream channel and adjacent upland areas with binoculars. All frogs 
and turtles were identified to species, if possible. Nocturnal surveys were conducted on 24 May and 26 
June 2000 using headlamps (6-volt. rechargeable) and binoculars. Visibility was greatly restricted along 
Hinebaugh Creek due to dense willow vegetation. Aquatic sampling for special-status amphibians was 
performed with long-handled, D-shaped dip-nets along Copeland and Hinebaugh Creeks, and in a swale to 
the south of the hill east of Petaluma Hill Road on 26 April and 30 June 2000. All amphibians were 
identified to species and released. 
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For purposes of this document, special-status wildlife species include the following: those listed by the 
USFWS as Threatened or Endangered; species for which the USFWS has sufficient information to list as 
Endangered or Threatened, but for which listing is precluded (Candidate Species, formerly Category 1 
Species); species listed by the California Fish and Game Commissiori as Threatened or Endangered and 
those species that are Candidates for listing as Threatened or Endangered; species for which a proposed rule 
to list as Endangered or Threatened has been published by USFWS (Proposed species); species listed by the 
USFWS as Migratory Nongame Birds of Management Concern; species listed by the Department of Fish 
and Game as Species of Special Concern; species protected under the Fish & Game Code of California as 
"fi~lly protected birds", "fully protected mammals, "fully protected reptiles and amphibians" and "fully 
protected fish"; species listed as Protected Amphibians, Protected Reptiles and Protected Furbearers in the 
California Code of Regulations; and birds of prey protected by Section 3503.5 of the Fish and Game Code. 

3.0 SETTING 

The Vast Oak property encoinpasses approximately 540 acres located east of tlie city of Rohnert Park in 
Sonoma County, California (Figure I ) .  Petaluma Hill Road bisects the site in a north-south direction, 
while Rohnert Park Expressway crosses a portion of the site from east to west. 

West of Petaluma Hill Road, the site is bordered by Sonoma State University on the south, Keiser 
Avenue on the north and apartment complexes to the west. Topography is flat and elevations range from 
120 to 160 feet. With the exception of the riparian corridors, nearly the entire site west of Petaluma Hil l  
Road is regularly disked on a rotating basis for agricultural purposes. Several large oaks have been left 
standing in the field north of Hinebaugh Creek. Hinebaugh Creek crosses the northern portion of the site 
and supports patchy willow riparian habitat. Much of this willow scrub is dense and nearly impenetrable. 
Scattered pools up to 3-4 feet deep are present in the openings between the willows. Copeland Creek 
passes along the southern edge of the site and supports riparian habitat. The understory is dense and 
consists largely of invasive species including Himalayan blackberry and periwinkle. Portions of the 
under-story of the creek have been cleared in the past for flood control purposes. Crane Creek is just 
offsite to the north. 

The parcel east of Petaluma Hill Road is irregular in shape and is marked by existing fencelines. Elevations 
range from 160 feet to 441 feet. The primary wildlife habitat is non-native annual grassland that is currently 
used for grazing cattle and sheep. The far northern part of the site is used to grow row crops. A hill rises 
steeply in the southern portion and supports oak woodland and oak savannah. Copeland Creek, where it 
forms a portion of the southern edge of the site, is degraded and contains no riparian vegetation. A line of 
eucalyptus trees is present along this portion of Copeland Creek. Hinebaugh Creek passes through the 
northern section of the parcel. A small patch of willows and scattered deep pools are present in this part of 
the creek. The uppermost portion of Hinebaugh Creek in the eastern part of the site dries early in tlie 
season. A seasonal swale that contains several sinall pools flows around the south side of the hill and drains 
into Hinebaugh Creek. Residences and associated structures are located on the northernwestern side of the 
hill. Several non-native trees are present in this area. The parcel abuts Crane Creek Regional Park on the 
east. and open space is currently present to the north and south as well. 
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4.0 RESULTS 

An analysis of special-status vertebrates that inhabit or have the potential to inhabit the prolect site is 
provided below. A summary of special-status wildlife species, their legal status, habitat affinities and 
potential to inhabit the project site is presented in Table 2. Background information is provided for each 
target species, followed by an assessment of available habitat, any known recent or historic records and 
the results of focused surveys, if performed. 

4.1 Special-status Fish Species 

Central California Coast Steelhead (Oncorhvchus mykiss). The National Marine Fisheries Service has 
listed steelhead stocks within the Central California Coast Evolutionarily Significant Unit (ESU) as 
threatened. This ESU extends from the Russian River south to Soquel Creek and includes all steelhead 
stocks in coastal streams and streams tributary to San Francisco Bay (Fed. Reg. Vol. 62, No. 159. Pgs. 
43937-43954, Aug. 18, 1997). Recent information to quantify steelhead populations in the Russian River 
is limited, but there is general agreement that the population has declined in the last 30 years (CDFG 
1984, 1991, Steiner 1996). 

Steelhead occi~py all of the major tributaries and most of the smaller ones in the Russian River 
Watershed. Many of the minor tributaries inay provide spawning or rearing habitat under specific 
hydrologic conditions. There is a possibility that some spawning and rearing may occur in the mainstem 
of the Russian River, but the majority of spawning and rearing habitat for steelhead occurs in the 
tributaries. 

Life Histog3. Adult steelhead generally begin returning to the Russian River in November or December, 
coincident with the first heavy rains of the season, and continue to migrate upstream into March or April. 
The peak migration period tends to be January through March (EIP Assoc. 1993, SCWA 1996, SWRCB 
1997). Flow conditions are suitable for upstream migration in most of the Russian River and larger 
tributaries during the majority of the spawning period in most years. The sandbar may block the river 
mouth in some years and delay entry into the river. When the sand bar is closed, flow in the river 
probably is too low and water temperature too high to provide suitable conditions for migrating adults 
further up the river (CDFG 199 1 ). 

Most spawning takes place from January through April, depending on the time of freshwater entry. 
Steelhead spawn and rear in tributaries from Jenner Creek near the mouth, to tributaries north of Forsythe 
Creek in the upper basin. Steelhead usually spawn in the tributaries, where fish ascend as high as flows 
allow (USACE 1982). 

After hatching, steelhead spend from one to four years in freshwater. Fry and juvenile steelhead are 
extremely adaptable in their habitat selection. Requirements for steelhead rearing include adequate 
cover, food supply. and water temperatures. The upper reaches of the tributaries provide the most 
suitable habitat. as these areas generally have excellent cover, adequate food supply, and suitable water 
temperatures for fry and juvenile rearing. The lower sections of the tributaries provide less cover, as the 
streams are often wide and shallow and have little riparian vegetation, and water temperatures are often 
too warm to support steelhead. In the summer, these areas can dry up completely. Available cover has 
been reduced in many tributaries because of loss of riparian vegetation and changes i n  stream 
morpliology. 
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Emigration usually occurs between February and June, depending on flow and water temperatures. 
Sufficient flow is required to initiate the downstream migration of smolts. Excessively high water 
temperatures in late spring may inhibit smoltification i n  late migrants. 

Copeland Creek. Copeland Creek is a historic steelhead stream. CDFG has reported steelhead from 
Copeland Creek upstream of the project site (ESA 2000). A reconnaissance survey of the project area 
was conducted on September 5, 2000, during low flow conditions, and revealed that the creek was 
essentially dry from downstream of Roberts Road to Sonoma State University (a distance of 
approximately 8,000 feet). There was flowing water at and upstream of Roberts Road. A reach of about 
800 feet also had flowing water adjacent to Sonoma State University. Water flowed from a culvert on 
the south bank into the stream channel and maintained limited surface flow before seeping into the 
streambed. Fish observed were juvenile Sacramento sucker (Catostomus occidentalis), juvenile 
California roach (Lavinia symmetricus) and mosquito fish (Gambusia afJinis). The entire reach of 
channel appears to provide suitable substrate for steelhead spawning and might support some juvenile 
steelhead rearing, but only on a seasonal basis because of the limited flow regime. 

Copeland Creek likely provides some steelhead rearing in its upstream reaches above the prqject area. 
Therefore, the reach from Roberts Road downstream through the project area functions as a migration 
route to and from the spawning and rearing areas upstream. 

Hinebauah Creek. Hinebaugh Creek does not contain steelhead habitat. Substrate is predominantly clay, 
or angular rocks on top of clay and the flow regime is even more limited than Copeland Creek. There is 
no permanent water in the upper reaches. There was no surface water in Hinebaugh Creek from the 
project area upstream to the headwaters. Therefore, there are 110 spawning and rearing opportunities for 
steelhead in this portion of the watershed. 

Other Special Status Fish Species. There is no habitat in either Copeland or Hinebaugh Creek systems 
capable of supporting coho or Chinook salmon. 

4.2 Special-status Amphibian Species 

The project site is within the range of three special-status amphibian species: California tiger salamander, 
northern red-legged frog and foothill yellow-legged frog. Based 011 the range provided by the USFWS 
(Miller, et al. 1996), the project site is situated outside the range of the federally threatened California red- 
legged frog. 

California Tiger Salamander (Ambystomn californiense). The California tiger salamander inhabits 
grassland and oak savanna habitats in the valleys and low hills of central and coastal California. Habitat 
conversion has eliminated the species from much of its former range (Shaffer 1993; Fisher and Shaffer 
1996). Adults spend most of their lives underground, typically in burrows of ground squirrels and other 
animals (Jennings and Hayes 1994). During winter rains between November and March, adults emerge 
from underground retreats to feed, court and breed (Loredo and Van Vuren 1996). Vernal pool and semi- 
permanent, quiet waters provide sites for egg-laying. After hatching in two to three weeks, larvae are 10- 
15 lnln in length. They continue to develop in the pools for three to four months until they 
metamorphose at about 100-125mm (50-70mm snout-vent length). Annual recruitment is variable and 
appears to be related to the timing and amount of rainfall (Loredo and Van Vuren 1996). Following 
transformation, juvenile salamanders seek refugia, typically mammal burrows, in which they may remain 
until the next winter rains (Stebbins 1985; Jennings 1996). However, movements of juveniles are 
unpredictable and mass movements have been observed in the summer months and during the first fall 
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rains (Holland, et al. 1990). The California tiger salamander is currently listed as a federal Candidate 
species following a ruling by the USFWS (Sorensen 1994), which found Endangered status "warranted 
but precluded" by higher priority species. In January 2000, the sub-species in Santa Barbara County was 
emergency listed as endangered by the federal government. 

The site is within the range of the California tiger salamander and the species has been recorded from the 
region. Suitable upland habitat is present in the grasslands of the eastern part of the site. However, potential 
breeding habitat on the site is very limited and is restricted to pools within small tributaries to Hinebaugh 
and Copeland Creek. There was little standing water in these pools in the spring during 1994-1 996 or in 
2000, and the pools were not deep enough to provide optimal habitat for larvae, which require at least 2.5 to 
3 months to metamorphose. Copeland Creek does not provide suitable breeding habitat for the species due 
to high flows in the winter. Hinebaugh Creek provides marginal breeding habitat, although conditions are 
compromised by the presence of crayfish and bullfrogs and flow during the winter. Moreover, the uplands 
adjacent to Hinebaugh Creek have been converted to agricult~~ral use. 

All potential breeding habitat onsite for the California tiger salamander was sampled during the spring 
and/or summer on two occasions in 1994, 1995 and 2000, and once during 1996. No salamander larvae 
were detected on any of these occasions. The closest confirmed observations of California tiger salamander 
are from 3.4 miles WNW of the site and from 3.8 miles WSW of the site (CNDDB), west of Highway 101. 
No observations of California tiger salamander have been reported east of Highway 101 in this area. No 
California tiger salamanders were detected during aquatic sainpliiig performed onsite for special-status 
invertebrates (Arnold 1994). 

California Red-legged Frog (Rana aurora draytonii). There are two subspecies of red-legged frog, and 
the project site is in an area considered to be an intergrade zone between them (Jennings and Hayes 1994; 
Miller, et a/. 1996). The California subspecies (R. a. draytonii) is listed as threatened by the USFWS, while 
the northern subspecies (R. a. aurora) is listed as a species of special concern by CDFG. In Sonoma and 
Marin Counties, USFWS considers the range of the California red-legged frog to include those drainage 
basins that flow into the Napa River, Sonoma Creek and Petalulna River, and those drainages south of and 
including the Walker Creek watershed (Miller, et. al. 1996). Since the project site is in the Russian River 
watershed, the site is outside of the range of the California red-legged frog as described by USFWS (Miller, 
et al. 1996). 

The California red-legged frog is a large (85-138 mm), nocturnal species that historically occupied many of 
the Pacific drainage basins in Califor~iia. The species requires still or slow-moving water during the 
breeding season, where it deposits large egg masses, usually attached to submerged or emergent vegetation. 
Breeding typically occurs between December and April, depending on annual environmental conditions and 
locality. Eggs require 6 to 12 days before hatching and metamorphosis occurs 4 to 7 months after hatching. 
Following the breeding season, adult California red-legged frogs may remain at breeding ponds, or they may 
make use of streams or other water sources. Although red-legged frogs remain close (<I00 meters) to 
aquatic habitats during the summer, they make extensive use of upland habitats during the fall and winter. 
Movements of individuals generally begin with the first rains of the weather-year or in response to receding 
water (Bulger 1999). Movements of more than two miles between breeding and non-breeding habitat have 
been documented using radio telemetry, with individuals travelling in straight-line movements irrespective 
of habitat (Bulger 1999). Adults seem to prefer riparian vegetation, overhanging banks or plunge pools for 
cover, especially during the breeding season. They may take refuge in small mammal burrows, leaf litter or 
other moist areas during periods of inactivity or whenever it is necessary to avoid desiccation (Rathbun, et 
al. 1993; Jennings and Hayes 1994; Al laback and Laabs, pers. observ.). Occurrence of this frog has shown 
to be negatively correlated with presence of introduced bullfrogs (Moyle 1973; Hayes & Jennings 1986, 
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1988). The California red-legged frog has been largely extirpated from the Central Valley, the west slope of 
the Sierras and the Transverse Ranges. On 23 May 1996, the California red-legged frog was listed as 
Threatened by the federal government (USFWS 1973; Miller, et al. 1996). The subspecies is also listed by 
CDFG as a species of special concern. 

In 1997, California red-legged frogs were observed at a pond at the Sonoma County Central Landfill 
southwest of Cotati, located approximately 5 miles southwest of the project site (CNDDB). This locality is 
in a drainage basin that flows into Petaluma River, and is therefore within the range R. a. draytonii. In 
2000. critical habitat for the California red-legged frog was proposed by USFWS. The project site is not 
included in this critical habitat. 

Focused surveys for red-legged frogs were conducted between 1994 and 2000. No red-legged frog larvae 
were detected during aquatic surveys of available breeding habitat in 1994, 1995, 1996 or 2000. No red- 
legged frog adults were observed during nocturnal visual surveys performed in 1995, 1996, or 2000. 

Northern Red-Legged Frog (Rana aurora aurora). There are two subspecies of red-legged frog, and the 
project site is in an area considered to be an intergrade zone between them (Jennings and Hayes 1994; 
Miller, et al. 1996). The northern subspecies (R. a. aurora) is listed as a species of special concern by 
CDFG, while the California subspecies (R. a. draytonii) is listed as threatened by the USFWS. In Soriorna 
and Marin Counties, USFWS considers the range of the California red-legged frog to include those drainage 
basins that flow into the Napa River, Sonoma Creek and Petaluma River watersheds, and those drainages 
south of and including the Walker Creek watershed (Miller, et. al. 1996). Since the project site is in the 
Russian River watershed, the site is outside of the range of the California red-legged frog as described by 
USFWS (Miller, et al. 1996). 

The northern red-legged frog differs from the California subspecies in a number of physical, biochemical 
and behavioral characters. The northern subspecies is smaller, vocalizes from beneath the water surface 
rather than in the air, and lays its eggs submerged rather than in contact with the water surface (Hayes and 
Miyarnoto 1984). The two forms also demonstrate wide genetic differentiation. The taxonomic 
relationships between the two subspecies remain unresolved, as does the genetic identity of individuals from 
within the contact zone. 

In 1989, six years before the USFWS defined the current range of the California red-legged frog, a single 
red-legged frog was collected by Dr. Mark Jennings approximately four miles east of the project site along 
Copeland Creek (Vindurn, pers. comm.). However, the genetic affiliation of this specimen in unknown. 
Since that time, there have been no red-legged frogs reported from the vicinity of the Vast Oak site, and the 
1989 specimen represents the closest known observation. 

Focused surveys for red-legged frogs were conducted between 1994 and 2000. No northern red-legged frog 
larvae were detected during aquatic surveys of available breeding habitat in 1994, 1995, 1996 or 2000. No 
northern red-legged frog adults were observed during nocturnal visual surveys performed in 1995. 1996, or 
2000. Bullfrogs were observed onsite in both drainage basins. Marginal breeding habitat is present for the 
northern red-legged frog along Hinebaugh Creek, although the presence of crayfish and bullfrogs reduces 
habitat quality. Appropriate habitat for foraging and shelter is present along Copeland Creek, although high 
flows during the winter and spring would eliminate breeding in the creek during most years. 

Foothill yellow-legged frog (Rana boyliq. The foothill yellow-legged frog is a moderate-sized (37-82 
mm) frog that inhabits the Coast Range from the Oregon border to San Luis Obispo County and the 
western foothills of the Sierra Nevada in California. It lays egg masses during spring in small- to 
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medium-sized streams and rivers with cobble-sized or greater substrate, a significant amount of riffle 
habitat and partial shade (Hayes & Jennings 1988; Kupferberg 1996). Females lay single clutches of 
greater than 1000 eggs usually in the same general locations each year, often at a stream confluence in 
microhabitats where boulders create below average flow (Kupferberg 1996). Tadpoles are cryptically 
colored and difficult to observe in a flowing stream environment. Metamorphosis occurs between July 
and September. At some locations near breeding sites, metamorplis can be observed relatively easily in 
late sillnlner and early fall along stream banks (pers. observ.). Bullfrogs and predatory, introduced fishes 
negativel? affect tadpoles (Hayes & Jennings 1988; Kupferberg 1996). The foothill yellow-legged frog 
has been extirpated from most historic locations in southern California and throughout much of the 
foothills in the Sierra Nevada (Jennings and Hayes 1994). The California Department of Fish and Game 
lists the foothill yellow-legged frog as a Species of Special Concern. 

The foothill yellow-legged frog is relatively common in the region, particularly in the foothills surrounding 
the Santa Rosa Plain (Northen, pers. comm.). The species has been reported from Copeland Creek upstream 
of the project site at the Lichau Bridge crossing (CNDDB). The species was reported from Copeland Creek 
in the eastern part of the site in 1999 (Sonoma County Water Agency 1999). In both 1995 and 1996, foothill 
yellow-legged frog tadpoles were detected along Copeland Creek in the eastern part of the site. In 1996, an 
adult foothill yellow-legged frog was observed at night in Copeland Creek under the Petaluma Hill Road 
bridge crossing. The larvae were positively identified based on numbers of tootlirows. On 5 September 
2000, a yellow-legged frog metamorph was observed along Copeland Creek near the southwest edge of the 
site. 

4.3 Special-status Reptile Species 

The project site is within the range of a single special-status reptile species: the western pond turtle. The 
western pond turtle is listed as a state Species of Special Concern. 

Western pond turtle (Clemmys marmorata). The western pond turtle originally inhabited many of tlie 
pacific drainage basins in California. It ranges from western Washington to northern Baja California, 
mostly west of the Sierra Nevada-Cascade crest (Stebbins 1985). It ranges in size to just over 8 inches 
(21cm) with a low carapace that is generally olive, brownish or blackish (Stebbins 1985, Jennings and 
Hayes 1994). It primarily inhabits permanent water sources including ponds, streams and rivers. 
Although it is primarily an aquatic species, it can move across land in response to fluctuating water level, 
an apparent adaptation to the variable rainfall and unpredictable flows that occur in many coastal 
California drainage basins (Ratlibun, et al. 1992). In addition, it can over-winter on land or in water or 
remain active in the winter, depending on environmental conditions (Rathbun, et al. 1993; Jennings and 
Hayes 1994). Females travel from aquatic sites to lay eggs in a shallow nest, especially in open, grassy 
areas with a southerly exposure (Holland 1992; Rathbun, et al. 1992). Nests have been reported from 2- 
400 meters or more away from water bodies (Jenning and Hayes 1994). It appears that most hatchlings 
over-winter in the nest (Holland 1992; Jennings and Hayes 1994), and placing nests away from 
watercourses makes young less susceptible to death by flood events that commonly occur during the 
winter weather year (Rathbun, et al. 1992). Poiid turtles may live for 40 years or more (Jennings and 
Hayes 1994), and are therefore sometimes found in degraded areas. Adults appear to be able to persist 
for several years in poor aquatic habitat without any successful recruitment, presumably due to 
introduced predators or unsuitable conditions for egg deposition. The western pond turtle has been 
separated into two subspecies (C. m. rnurmorata is the northwestern subspecies and C. m. pallida is the 
southwestern subspecies), both of which are listed as Species of Special Concern by tlie CDFG. Current 
research suggests, however, that the taxon may be represented by three distinct populations throughout 
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its range in California and may therefore require a taxonomic revision (Jennings and Hayes 1994). The 
entire species is listed a protected species and a species of special concern by the state of California. 

On 30 June 2000, a western pond turtle (90mm carapace length) was observed along Copeland Creek in the 
southern edge of the western portion of the project site. In 1996, 8 western pond turtles and 2 red-eared 
sliders (Pseudemys scripta) were observed offsite in the artificial lake on the campus of Sonoma State 
University immediately south of the project site. Although much of the nearby upland habitat onsite is 
regularly disked. it is possible that turtles could dig nests onsite, especially along the edge of the fields near 
the riparian zone. The portion of Copeland creek on the eastern portion of the site provides only marginal 
habitat for the species, due to its ephemeral nature and lack of vegetation. Potential habitat is present onsite 
for westeni pond turtles in Hinebaugh Creek on both portions of the site. Vegetative cover and deep pools 
are available in portions of the creek, and the species is from downstream where Hinebaugh Creek meets 
Laguna de Santa Rosa (CNDDB). The presence of bullfrogs and the proximity of agriculture has degraded 
Hinebaugh Creek along much of its length. 

4.4 Special-status Bird Species 

The project site is within breeding range of several special-status bird species. After a review of locality 
records and analysis of the habitats available on the project site, it was determined that the site does not 
provide nesting habitat for double-crested cormorant (Phalacrocorax auritzrs), American bittern (Botawus 
lentiginosus), white-faced ibis (Plegadis chihi), Barrow's goldeneye (Bucephalu islandica), sharp-shinned 
hawk (Accipiter striatus), bald eagle (Haliaeetus leucocephulus), osprey (Pandion haliaetus), peregrine 
falcon (Falco peregrinus), prairie falcon (Falco mexicanzrs), short-eared owl (A.sio ,flammeu,r), northern 
spotted owl (Stri-Y occidentalis), Vaux's swift (Chaetzva vatlxi), olive-sided flycatcher (C1ontopus borealis) 
or Bell's sage sparrow (Amphispiza belli belli). Some of these species may be seen incidentally, especially 
during migration or during the winter months. The site is outside the wintering range of the Aleutian Canada 
Goose (Branta canadensis leucopareia). 

Cooper's hawk (Accipiter cooperi). The Cooper's hawk is a small raptor that breeds in oak woodlands, 
coniferous forests and deciduous riparian areas. It breeds throughout much of the United States and 
southern Canada and winters in Mexico and Central America (Rosenfeld and Biefeldt 1993). Nests are 
often constructed near water and are vigorously defended. Eggs are normally laid in April and hatch after 
30 to 36 days. Young fledge after 30 to 35 days. The species can often be located during the breeding 
season by broadcasting great horned owl (Bubo virginianus) territorial calls (Mosher and Fuller 1996). The 
species forages in a variety of woodland and edge habitats. It feeds primarily on birds, but will also prey on 
mammals and reptiles (Rosenfeld and Biefeldt 1993). During the winter, Cooper's hawks utilize a wider 
variety of habitat types for foraging. The species is relatively tolerant of human activities and is known to 
nest in urban settings. The Cooper's hawk is listed as a Species of Special Concern by CDFG. 

No Cooper's hawks were observed during breeding bird surveys in 1994 or 2000. However, appropriate 
nesting habitat is present along Copeland Creek and in the oak woodland onsite and the species could breed 
there in  subsequent years. Potential foraging habitat is also present for Cooper's hawk throughout the study 
area, particularly along the riparian corridors and in the oak woodlands. Cooper's hawks have been 
observed at Sonoma State University (Miller 2000) and the species nests in the Sonoma Mountains east of 
the project site (Burridge 1995). 

Golden eagle (Aquila chrysaetos). The golden eagle is a large, wide-ranging raptor that inhabits 
grassland and savanna habitats in hilly and mountainous terrain. California ground squirrels and hares are 
primary food sources. Nests are usually placed on cliff faces or in large trees and are easily disturbed by 
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human intrusions, and populations are dramatically reduced near urban areas. Suitable buffer zones 
around nests have been estimated at 800m (Richardson and Miller 1997). Loss of habitat due to urban 
and agricultural development has contributed towards population declines. A significant population 
inhabits the Mount Diablo region in the Bay Area and portions of the Los Padres National Forest in the 
coast range. Conversion of habitat, particularly foraging areas, has contributed to population declines. 
The golden eagle is listed as a Species of Special Concern and is also listed as "fully protected" by 
CDFG. 

No nesting golden eagles were observed during breeding bird surveys in 1994 or 2000. The species is 
kiiov.n to nest in the Sonoma Mountains southeast of the project site (Burridge 1995). Although potential 
nesting trees are present on the pro-ject site, the level of human activity in the area makes it unlikely that the 
species would nest onsite, particularly west of Petaluma Hill Road. Because nesting adults range many 
miles from their nests, it is possible that golden eagles could forage on the site. It has not been recorded 
from Sonoma State University (Miller 2000). 

Ferruginous hawk (Buteo regalis). The ferruginous hawk is a large raptor that inhabits open habitats in 
the Great Basin and northern Great Plains during the breeding season and winters throughout arid and 
semi-arid areas of California. It prefers open grasslands for foraging and will use some agricultural areas. 
The prey of the ferruginous hawk includes rabbits, ground squirrels and prairie dogs, although birds and 
reptiles are also eaten (Bechard and Schmutz 1995). In California, the primary prey is California ground 
squirrels (Spermophilus beecheyi). The species often perches on the ground, using sit-and-wait tactics to 
capture prey. Ferruginous hawks arrive in California between September and October and depart between 
February and April (Garrison 1990). It typically congregates in grasslands and deserts where mammalian 
prey is abundant. The wintering population of ferruginous hawk is listed as a Species of Special Concern 
by CDFG and as a Migratory Nongame Bird of Management Concern by the USFWS. 

Ferruginous hawks have been reported at Sonoma State University (Miller 2000). From the mid-1 970's 
to mid-1980's it was regularly seen in fields along both sides of Rohnert Park Expressway between 
Snyder Lane and Petaluma Hill Road (Burridge, pers. comm.). Potential habitat is available for 
ferruginous hawk onsite during the winter months throughout the site. 

Northern harrier (Circus cyaneus). The northern harrier (Circus cyaneus) inhabits grasslands, scrub 
habitats and marshes. Breeding typically occurs in shrubby vegetation near marshes from March to July, 
although nesting in grassland areas undisturbed by cattle grazing has been documented at various 
locations, some of which are several miles from water. It feeds primarily on voles and other small 
mammals, birds, frogs, and insects. The species can be locally abundant where appropriate habitat exists 
but has decreased in numbers due to conversion of marsh habitat and the effects of pesticides (Erlich, et 
al. 1988). The population in the Bay Area region includes migrants and wintering individuals from 
approximately September through March. The northern harrier is listed as a Species of Special Concern 
by CDFG. 

No northern harriers were observed during nesting bird surveys in 1994 or 2000. The northern harrier is 
known to nest in the marshes in the southeastern part of Sonoma County (Burridge 1995). The lack of 
marsh habitat or ungrazed grassland makes it unlikely that the species nests on the pro-ject site. Potential 
foraging habitat for the northern harrier is present throughout the grasslands and fields on the site. The 
species has been reported at nearby Sonoma State University (Miller 2000). 

White-tailed kite (Elanus leucurus). The white-tailed kite is a medium-sized raptor that is distributed 
across much of the western part of California. It occupies low-elevation grassland, agricultural, wetland, oak 
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woodland and savanna habitats. It nests in a wide variety of trees and shrubs, either isolated or part of larger 
stands. Typically, four eggs are laid in February and March, and chicks hatch after 30-32 days. Juveniles 
are dependent on parents for approximately 2-3 months before tliey fledge. Juveniles often share their 
parent's home range for at least one season. During tlie non-breeding season, tlie species roosts 
communally. Nearby open areas are required for foraging, and the species will use certain types of 
agricultural fields. Food habit studies have demonstrated that voles make LIP a large proportion of its diet, 
although other small mammals, birds and insects are also eaten (Dunk 1995). The species hunts during the 
day primarily by hovering and searching for prey. White-tailed kites in California are generally resident, 
although tliey may occupy different areas during the non-breeding and breeding seasons. The species 
underwent a dramatic reduction in numbers due to habitat loss and hunting. Between the 1940s and early 
1980s. tlie population recovered and its range expanded. More recently, population declines have again 
been noted. possibly as a result of the conversion of agricultural lands to urban uses (Dunk 1995). In 
California, the white-tailed kite is listed as "Fully Protected" in the California Fish and Game Code and as a 
Migratory Nongame Bird of Management Concern by the USFWS. 

The white-tailed kite nests in several localities in the southern part of Sonoma County (Burridge 1995). 
White-tailed kites were observed foraging over the agricultural fields and perching in the trees west of 
Petaluma Hill Road on 25 April 2000. An individual was also seen perching in an oak in the extreme 
southeast portion of the parcel on 26 April 2000, along the boundary with Crane Creek Regional Park. 
Given the timing of these observations early in tlie breeding season, the individuals could have been 
migrants through the area or nesting in the vicinity. No nests were present on the project site in 1994 or 
2000. Appropriate nesting habitat is present onsite, especially along Copeland and Hinebaugh Creeks and 
in the oaks east of Petaluma Hill Road. The species is considered to have a high potential to nest onsite in 
subsequent years. Foraging habitat is present for white-tailed kite througliout the grasslands and agricultural 
fields present onsite. 

Merlin (Falco colunzbarius). The merlin is a small falcon that breeds in wooded areas of the Pacific 
Northwest, Canada and Alaska. Although it does not nest in California, the species winters in grasslands, 
savannas and other open habitats throughout the state from October through March. Once a common winter 
resident in California, numbers have declined markedly since the 1960's (Remson 1978). It preys almost 
exclusively on small birds, although it also takes small mammals and insects. In California, wintering 
nierlins are concentrated along the coast and in the Central Valley. Wintering merlins are listed as a Species 
of Special Concern by CDFG. 

The merlin occupies a variety of habitat types during the winter months, and it is regularly but infrequently 
seen along the coast and inland in California (Remsen 1978). Potential habitat is present throughout the site 
during the winter months. 

Western yellow-billed cuckoo (Coccyzus antericanus occidentalis). The yellow-billed cuckoo was once 
a comlnori resident of floodplain riparian woodlands throughout California. The species prefers extensive, 
dense riparian areas, typically dominated by deciduous hardwoods including willows and cottonwoods. 
Dense foliage and a well-developed understory appear to be critical. Occupied sites are typically in 
proximih to open water (Gaines and Laymon 1984). It feeds on caterpillars and other large insects as well 
as frogs, lizards and fruit (Elirlich, et al. 1988). Nesting pairs occupy larger home ranges than most birds of 
co~nparable size, and breed between mid-May and early September. Yellow-billed cuckoos migrate to 
South America for the winter. Widespread conversion of river floodplains to agricultural use has resulted 
in significant loss of habitat for the species. Secondary pesticide poisoning has also been identified as a 
possible factor in the species' decline. The western subspecies is listed as endangered by the state of 
California and as a Migratory Nongame Bird of Management Concern by the USFWS. 
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The yellow-billed cuckoo historically inhabited Laguna de Santa Rosa (CNDDR; Burridge 1995) and was 
observed along Copeland Creek east of Lichau Road as recently as 1975 (CNDDB). However, continued 
destruction of riparian woodlands and alterations of stream courses for agricultural and flood control 
purposes have severely degraded riparian habitats in the area. The current distribution of the species is 
patchy and centers on the upper Sacramento River, the Butte Sink, the South Kern River, and the Colorado 
River. Most nests are found in areas where the riparian zone is at least 100 meters wide and adjacent to 
open water (Gaines and Laymon 1984; Small 1994). Such conditions do not occur on the project site, and 
the species is not expected to nest onsite. No yellow-billed cuckoos were observed during breeding bird 
surveys in 1994 or 2000. 

Long-eared owl (Asio otus). The long-eared owl is widely but sparsely distributed in California. Relatively 
few nest sites are known. and very little natural history information is available. It nests and roosts in 
riparian woodlands and forages on small rodents in nearby open habitats including grassland. Long-eared 
owls usually do not build their own nests but take over stick nests built by other raptors. corvids and 
woodrats (Bloom 1994; Marks, et al. 1994). Nesting is virtually unknown in proximity to residential 
development (Bloom 1994). The only recent comprehensive study occurred in southern California, where 
there has been an estimated 5040% decline from historic nesting locations (Bloom 1994). Conversion of 
grassland foraging habitat has likely contributed greatly to population declines. The long-eared owl is 
listed by the state as a Species of Special Concern. 

The long-eared owl historically occupied Sonoma County (Grinnell & Miller 1944). However, there are 
no recent nesting records for the species in the County (Burridge 1995). No focused surveys for 
nocturnal owls were conducted as part of this study. However, due to the proximity of human activities 
and the lack of recent nesting records in the region, it is highly unlikely that the species nests onsite. 

Burrowing owl (Athene cunicularia). The burrowing owl is primarily a resident of grassland and desert 
scrub communities that ranges from central and coastal California throughout the southwest and much of 
the United States. It is a small (9% inches), ground-dwelling owl that feeds opportunistically on insects, 
small mammals, birds, amphibians and reptiles. In the Bay Area region it typically occupies burrows 
excavated by California ground squirrel (Spermophilus beecheyi). It is also able to utilize manmade 
cover-sites such as culverts and artificial dens (California Burrowing Owl Consortium 1993, 1997; Trulio 
1997). In open habitats, the species prefers areas where the grass height is relatively short, including 
non-native grasslands grazed by livestock (Plumpton and Lutz 1993). The species shows a strong site- 
fidelity from year to year (Plumpton and Lutz 1993; Feeney 1997). Habitat conversion and secondary 
poisoning resulting from ground squirrel control efforts have caused declines throughout much of its 
range, particularly in the Bay Area and surrounding regions (DeSante, et al. 1997). The burrowing owl is 
listed as a state Species of Special Concern and as a Migratory Nongame Bird of Management Concern 
by the USFWS. It has received increased attention in recent years after the formation of the California 
Burrowing Owl Consortium (CBOC), a group of scientists that produced a survey protocol endorsed by 
the California Department of Fish and Game (CBOC 1993. 1997; CDFG 1995). 

No burrowing owls were observed during surveys of the grasslands in 1994 or 2000. Due to the general 
lack of ground squirrels, nesting habitat is marginal on the site. Moreover, it appears that the burrowing 
owl has been extirpated as a breeding species in Sonoma County in recent history (Burridge 1995; 
DeSante. et al. 1997) and is therefore not expected to inhabit the site. 

California horned lark (Eremophila alpestris actia). The California horned lark breeds in open 
grasslands throughout the Central Valley and adjacent foothills and along the central and southern 
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California coast region (Grinnell and Miller 1944). It is a ground nesting species that requires short 
vegetation or barren ground, including short-grass prairies, coastal plains, alkali flats and mountain 
meadows. It also nests in agricultural areas such as row crop stubble, feed lots, and heavily grazed 
grassland. It feeds primarily on seeds in the winter, while insects make up a larger proportion of the diet 
in the spring and fall (Beason 1995). Nests are constructed on the ground and between 2 and 5 eggs are 
laid in late March through May. Juveniles leave the nest after 10 days, but are not fledged until 4 weeks 
(Beason 1995). It forms flocks in the summer and winter months that are often observed foraging and 
roosting in cultivated fields and along dirt roads. Declines in populations observed in many western 
states. The California horned lark is listed as a Species of Special Concern by CDFG. 

The horned lark nests in the pastures and flat fields of southeastern Sonorna County. It has also been 
recorded from Sonoma Mountain east of the project site (Burridge 1995). No horned larks were 
observed during breeding bird surveys onsite in 1994 or 2000. Appropriate nesting habitat is present on 
the site however, both to the east and west of Petalulna Hill Road. 

Loggerhead shrike (Lanius ludoviciarzus). The loggerhead shrike (Lanius ludor~iciarzus) is a wide- 
ranging species that occupies open habitats including grassland, scrub and open woodland communities. 
The species typically nests in densely vegetated, isolated trees and shrubs and occasionally man-made 
structures. It is regularly observed perched on telephone wire, fence posts and prominent shrubs. 
Loggerhead shrikes feed on a variety of small prey including arthropods, mammals, amphibians, reptiles 
and birds (Yosef 1996). Since it lacks talons, it often impales prey on thorns or barbed wire. Availability 
of suitable nesting sites may limit abundance of localized populations. In California. the species does not 
migrate and is resident year-round. The species is highly territorial, with pairs maintaining territories 
during the breeding season and individuals maintaining territories during the winter (Yosef 1996). 
Declines in numbers have been noted across a broad geographical range in the United States. Although 
the population appears to be relatively stable in the open habitats of California, habitat modification has 
led to documented population fluctuations in many parts of the species' range (Cade and Woods 1997). 
The loggerhead shrike is listed as a CDFG Species of Special Concern and as a Migratory Nongame Bird 
of Management Concern by the USFWS. 

The loggerhead shrike is a year-round resident in  southern Sonoma County and nesting has been recorded 
in the immediate vicinity (Burridge 1995). Appropriate nesting and foraging habitat is present 
throughout the site. However, no nesting loggerhead shrikes were observed during breeding bird surveys 
in 1994 or 2000. 

Tricolored blackbird (Agelaius tricolor). Tricolored blackbirds inhabit coastal areas of central and 
southern California and the Central Valley. The species typically requires fresh water marshes with 
emergent vegetation surrounded by water for nesting, although thorny brambles, nettles. dense willows or 
grain fields near water are also used. The microhabitats selected for nesting must provide protection 
from numerous avian, mammalian and reptilian predators. The species is highly colonial. Historically, 
tricolored blackbirds congregated in large colonies during the breeding season. Although scattered large 
colonies still exist, small colonies of fewer than 500 pairs are more common (Beedy, et a1. 1991). 
Breeding is highly synchronous. The species is nomadic and smaller colonies will often nest in different 
areas from year to year. Juveniles are not likely to return to the sites where they were born (DeHaven, ct 
al. 1 975a). Tricolored blackbirds are regularly observed in mixed flocks with other blackbird species. 
especially during the non-breeding season, where they will forage and roost together. Tricolored 
blackbirds forage in grassland and cropland on seeds and insects, the latter primarily during the breeding 
season (Skorupa, et al. 1980). Nesting colonies are highly susceptible to human disturbance, and entire 
colonies have been known to abandon nests after only a single visit by humans (Beedy, et al. 1991). 
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Agricultural activities are capable of destroying entire colonies, and approximately 70% of the nesting 
population are on private agricultural lands (Beedy 1998). The population has declined over the past 
approximately 60 years, particularly in the Central Valley due to habitat conversion of natural wetlands 
(DeHaven. et al. 1975b; Beedy, et al. 199 1 ; Beedy 1998). The tricolored blackbird is listed as a Species 
of Special Concern by CDFG and a Migratory Nongame Bird of Management Concern by the USFWS. 

Tricolored blackbirds were observed along Copeland Creek near Sonoma State University in the 1960's 
and 1970's, with as many as 3000 individuals observed in 197 1 (Beedy, et al. 1991). Several records of 
nesting colonies have been recorded in the vicinity of Sonoma State during the 1970's (Burridge 1995). 
There have been no reports of the species in the area since then. Appropriate nesting habitat still exists 
in  the Himalayan blackberries along Hinebaugh and Copeland Creeks, although there are high levels of 
human activity along the creek. No tricolored blackbirds were observed on the project site during nesting 
bird surveys in 1994 or 2000. The species was not observed during surveys conducted by Sonoma State 
University in  1999 (ESA 2000). The species is nomadic and highly dynamic in distribution over time, 
and it is possible that the species could nest onsite in the future. 

Grasshopper sparrow (Ammodramus savannarum). The grasshopper sparrow is a small- to medium 
sized sparrow that is widely distributed in North America and Central America. It is primarily associated 
with grasslands with fairly tall grass and little to no shrub cover. The species can also be found in 
pastures and certain agricultural fields. It feeds primarily on insects and seeds. Grasshopper sparrows 
nest on the ground between April and July and normally produce 4 or 5 eggs (Rising and Beadle 1996). 
They are thought to be loosely colonial during the breeding season although numbers in any one area 
may change over time. In California the species breeds in appropriate habitat along much of the coast 
and is also found in scattered localities in the western foothills of the Sierra Nevada (Small 1994). 
During the winter, much of the breeding population in the northern portion of the state migrates to 
southern California. Due to the widespread conversion of grasslands, populations in California have 
declined drastically in recent years. The species is listed as a Migratory Nongame Bird of Management 
Concerii by the USFWS. 

The grasshopper sparrow is considered a wide-spread, though uncommon breeding species in Sonoma 
County (Burridge 1995). Grasshopper sparrows were observed onsite during breeding bird surveys in 
2000. Two singing males were observed in the agricultural fields to the west of Petaluma Hill Road, and 
a single singing male was seen in the grasslands near the eastern edge of the site, adjacent to Crane Creek 
Regional Park. Although the exact nesting locations were not identified, it is suspected that these 
individuals were nesting in the area. 

Yellow warbler (Dendroicapetechia). The yellow warbler is widely distributed across North America 
during the spring. The subspecies D. p. brewsteri nests in California, Oregon and Washington. Yellow 
warblers historically nested throughout California with the exception of the high Sierra and the desert 
regions. Steady and significant declines in California have been recorded, particularly in coastal 
southern California, the San Joaquin valley and the Sacramento Valley (Remsen 1978). The alteration of 
native riparian habitats through channelization, grazing and invasion of exotic species has been 
implicated in this decline (Dunn and Garrett 1997). Parasitism by the brown-headed cowbird (Molothrus 
ater) has also been suggested as a factor in the decline of yellow warblers (Remsen 1978). Yellow 
warblers occupy dense riparian woodlands typically dominated by willows, but also cottonwoods, maples 
and sycamores (Dunn and Garrett 1997). The yellow- warbler is listed as a Species of Special Concern by 
CDFG and as a Migratory Nongame Bird of Management Concern by the USFWS. 
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The yellow warbler breeds in riparian woodland throughout much of Sonoma County, particularly at 
inland localities (Burridge 1995). Yellow warblers were heard along Copeland Creek in the southwest 
corner of the site during breeding bird surveys in 2000. A single individual was observed on 26 June and 
24 May, while two individuals were detected on 14 June. This latter date is very late in the season for 
migrating individuals to be present. and it is assumed that the yellow warbler bred along Copeland Creek 
in 2000. 

Yellow-breasted chat (Icteria virens). The yellow-breasted chat is the largest of the warblers of North 
America. It is generally difficult to see due to its shy behavior. The exception to this is during the breeding 
season, when males display and call from prominent perches. In California, yellow-breasted chats occupy 
dense streamside thickets of willows, mulefat, or other riparian species (Dunn & Garrett 1997). It forages 
primarily on insects, but fruit makes up a large part of its diet in the fall. The species winters in Mexico and 
Central America. The yellow-breasted chat was once fairly common in riparian woodlands throughout 
much of California (Grinnell & Miller 1944). The species has declined dramatically across much of its 
range, particularly in Southern California as the result of urbanization, flood control projects and cowbird 
parasitism (Remson 1978; Dunn & Garrett 1997). The yellow-breasted chat is listed as a Species of Special 
Concern by CDFG. 

No yellow-breasted chats were observed on the site during breeding bird surveys in 1994 or 2000. Several 
suspected breeding localities for the yellow-breasted chat have been identified in Sonoma County (Burridge 
1995). The closest records are from Annadel State Park and along Sonoina Creek to the northeast of the 
project site (Burridge 1995). The species was known historically from Laguna de Santa Rosa (Burridge 
1995). Due to the poorly developed riparian habitat 011 the project site, the species has a low potential to 
nest on the site. 

Nesting Birds of Prey. All members of the Order Falconiformes (eagles, harriers, kites and hawks) and 
Strigifonnes (owls), as well as their nests and eggs, are protected while nesting by the California Fish and 
Game Code. Several birds-of-prey are discussed in the section above. However, there are other birds of 
prey in the region that could nest onsite. 

Surveys for raptor nests were conducted in 2000 throughout the site. Three nests occupied by red-tailed 
hawks (Buteo jumuicensis) were identified onsite. One nest was in a large oak between Keiser Road and 
Hinebaugh Creek in the western portion of the site, one was in an oak on the northerneastern slope of the 
prominent ridge in the eastern part of the site, and one was in a eucalyptus along Copeland Creek in the 
eastern portion of the site. A nest occupied by a pair of great horned owls (Bubo virginiunus) was observed 
in a eucalyptus along Copeland Creek in the eastern portion of the site. 

4.5 Special-status Mammal Species 

The project site is within the range of several special-status mammal species. There are no threatened or 
endangered mammals expected on the site. Several species of bats have the potential to inhabit the site, 
although none were observed during a limited survey. 

Pallid Bat (Antrozouspallidus). The pallid bat inhabits a variety of arid habitats including grassland, scrub 
and woodlands (Hennanson and O'Shea 1983). It is a year-round resident in central California, where it is 
~~sua l ly  associated with oak woodland. Daytime roosts are generally in trees, but also occur in rock outcrops 
and mines. Nocturnal roosts are often under bridges and in rock outcrops. Breeding takes place in the 
winter, and ovulation is delayed until environmental conditions are appropriate in the spring. One or two 
young are born in May or June. Maternal colonies generally number less than I00 individuals. Young are 
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weaned at six to eight weeks (Orr 1954). It feeds on insects and arachnids. including Jerusalem crickets, 
scorpions and beetles, which are often taken on the ground. The species is very sensitive to disturbance of 
roost sites. Pallid bats are not known to migrate, and winter hibernaclea are often close to summer roosts. 
The pallid bat is listed as a Species of Special Concern by CDFG. 

Both foraging and roosting habitat is present on the project site for pallid bat. Pallid bats have been 
recorded from Rancho Olompali, approximately 12 miles SSE of the site. The species is considered to have 
a moderate potential to inhabit the oak trees and buildings east of Petaluma Hil l  Road. 

Townsend's big-eared bat (Corynorltinus townsendiz]. Townsend's big-eared bat is found throughout 
much of California, but especially in areas where caves and mines are available for roosting habitat. It 
inhabits a wide variety of habitats including desert scrub, oak woodland and coniferous forest. It feeds 
primarily on small moths that are gleaned from vegetation. The species is highly dependent on caves and 
mines for roost sites, but will also use buildings and bridges that possess "cave-like" features (Kunz and 
Martin 1982). It is highly sensitive to disturbance of roost sites. It has declined seriously across many parts 
of California (Williams 1986) and is listed as a Species of Special Concern by CDFG. 

Suitable foragin habitat is present for the Townsend's big-eared bat, and the buildings east of Petaluma Hill 
Road could provide appropriate roosting habitat. The species has been recorded from Rancho Olompali, 
approximately 12 miles SSE of the site. The species is considered to have a moderate potential to occur on 
the site. 

Yuma myotis (Myotis yumanensis). The Yuma myotis inhabits a variety of low-elevation regions in 
California. It is found i n  several habitats including grasslands, scrub, woodland and forest (Hoffmeister 
1986; Williams 1986). The species is tolerant of human activities and is often found in urban environments. 
It roosts in buildings, trees, mines, bridges and rock crevices (Williams 1986). A single young is born each 
year in June or July. Maternity roosts call be very large, numbering up to 2000 individuals. It feeds 
primarily on emergent aquatic insects and normally forages directly over the surface of still waters including 
ponds, reservoirs and pools in streams. 'The species is known to migrate, although such movements are 
poorly understood. The Yuma myotis is listed as a Species of Special Concern by CDFG. 

Both foraging and roosting habitat is present on the project site for Yuma myotis. The species is considered 
to have a moderate potential occur on the site. 

Western mastiff bat (Euntops perotis cal~ornicus). The western mastiff bat is the largest bat in the 
United States. In California, the subspecies was historically widely distributed in the Central and Sat1 
Joaquin Valleys as well as coastal areas from San Francisco Bay to San Diego (Williams 1986). Populations 
have undergone dramatic reductions, especially in southern California, possibly related to urban and 
agricultural development. It inhabits a variety of habitats including chaparral, sage scrub, desert scrub and 
coniferous forest. Daytime roosts are usually greater than 2 meters off the ground and include rock crevices, 
caves and buildings (Best, et al. 1996). Mastiff bats feed on insects, particularly moths, but also crickets and 
beetles. It often forages high above the ground, up to 1000 feet. and is known to travel up to 25 miles from 
its roost site to forage. Populations in California are resident and do not migrate. The western mastiff bat is 
listed as a Species of Special Concern by CDFG. 

There is no appropriate roosting habitat for western mastiff bat on the site. However, since it is known to 
travel long distances to feed over oak woodlands, potential foraging habitat is present east of Petaluma Hill 
Road. 
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Table 2. Special-status vertebrate habitat assessment for Vast Oak site, Sonoma Co. 

Common Name Status Habitat Affinities Potential to Occur on Project Site 
Scienfific Name StatelFederal 

Fishes 
Central Ca l~forn~a  eoast steelhead 
Oncorhynchus tnykiss 

-1 Coastal rivers and streams with suitable Present - Reported from Copeland Creek 
FT cover and food supply 

.Amphibians 
Cal~fornia tiger salamander 
Anthysrorr~u cal!forniense 

CSC, CPI Breed in temporary and semi-permanent I.o\r - Did not breed onsite in '94, 
FC ponds; use burrows in grassland, oak '95,'00; Nearest records from east ol' 

saranna Highway 101 
CSC. CPI Breed in permanent or ephemeral waters: Low - Not observed onsite in '94. '95. 

occupy dense undergrowth in moist areas '96.'00: Potential non-breeding habitat 
present 

CSC, CPI Breed in slow creeks. ponds and Outside range delineated by USFWS; not 
FT rnarshes; use uplands during wet months observed onsite in '94. '95. '96.'00 

Northern rcd-legged frog 
Rana aurora aurora 

Cal~forn~a  red-legged frog 
Rana aurora dru?,ton~r 

Foothill yellow-legged tiog 
Rana boy111 

CSC. CPI Breed in perennial streams with cobble- Present -observed in Copeland Creek in 
sized substrate: higlily aquatic 1995. 1996 and 2000 

Reptiles 
Western pond turtle 
Clemn~vs n~artrrorala 

CSC. CPI Permanent ponds, creeks and rivers; nest 
in uplands 400m or more from water 

Present - observed in Copeland Creek 
and of'site at SSU ponds: potential 

habitat along Hinebaugh Creek 
Birds 
Cooper's hawk (nesting) 
Accipirer cooper; 

CSCI Nest and forage in woodlands; nests 20- 
60 feet high. lined with flakes of outer 

bark 
CSC. CFPI Nest in large trees and cliffs; forage in 

variet!. of open habitats 

Moderate - Did not nest onsite in '94. 
'00. suitable nesting habitat in Copeland 

Creek and in oak woodland 
[.ow - Did not nest onsite in '94. '00: 

Marginal nesting habitat in oak 
woodland and eucalyptus 

Moderate - Suitable wintering habitat 
available: occurred in area in 1980's 

Golden eagle 
.4qlr1lu chrysoe~o.~ 

CSCI Forage in grasslands during the winter; 
MNBMC nests outside California 

Ferruginous hawk (wintering) 
Bureo regalis 

Northern harrier (nesting) 
Circus c~~aneus 

CSCI Nest in marshes. nearby open habitats, 
usually on the ground; forage mostly in 

grasslands 
CFPI Nest In trees; forage in open habitats 

MNBMC including agricultural tields; roost in 
colonics at night 

CSCI Winter in grassland. savanna, woodland; 
nest outside California 

Low - Did not nest onsite in '94. '00: 
potential nesting hab~tat in ungrazed 

grassland 
Present - Observed in '95. '00. but d ~ d  

not nest onsite in '00; nesting liab~lat on 
Copelarid Creek and In oaks 

Low - Wintering habitat ava~lable: rare 
winter resident in Sononia Count! 

Merlin (wuitering) 
Fulco colun~barrus 

Western yellow-billed cuckoo (nesting) SEI Nest in dense under-story along willow V e n  low - Known historically from 
Coccyzus amerrcanus occiden~alis MNBMC and cottonwood riparian forest Copeland Creek, but no recent nesting 

records; Did not nest onslte in '94, '00 
Long-eared owl (nesting) CSCI Prefers dense riparian woodlands, also Very low - N o  recent nesting records 
Asro olirs uses forests: highly sensitive to humans from Sonoma Co.; habitat marginal 

Burrowing owl 
Arhene t un~cr~ la r ra  

CSCI 
MNBMC 

Nest in grasslands, open scrub with 
suitable burrows; can become tolerant to 

llulnans 
Nest in grasslands that are short and 

sparse 

Low - N o  recent nesting records lroni 
Sononia Co. 

Californ~a horned lark 
Eretnophila alpesrris acria 

Moderate - Did not nest onsite in '94. 
'00; potential nesting habitat in grazed 

grassland 
Moderate - Did not nest onsite in '94. 

'00; potential nesting habitat on 
Copeland Crcek and in oak woodland 

Low - Nested on Copcland Creek in 60's 
and 70's: Did not nest onsite in '94. '00 

Present - observed In prasslands and 
tallow fields in .00 

I>oggerhead shrike 
Lanius ludovicir~nris 

CSCI 
MNBMC 

Nest in trees and shrubs; forages in 
habitats: regularly uses look-out perches 

open 
Nest in colonies in fresh-water rnarshes 
or dense brambles: forage in grasslands 
Grasslands with little or no shrub cover: 

pastures; certain agricultural fields 

Tricolored blackbird (nesting) 
.-lgelu~us r r~color  4 /~rasshopper  sparrow (nesting) 
4mmodromus savannarum 

CSCI 
MNBMC 

-1 
MNBMC 
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Table 2 (Continued). Special-status vertebrate habitat assessment for Vast Oak site, Sonoma Co. 

Common Name S t a t ~ l s  I-labitat Affinities Potential t o  Occur  on Project  Site 
Scientific Name StatelFederal 

Yellow warbler 
Dendrorca pe fechra breivsferi 

Yellow-breasted chat (nesting) 
Icterfa vrrens 

Nest~ng Raptors 
1 oriotls 

Rlammals 
Pall~d bat 
An/ro;oirs pullrdu~ 

lownsend's b~g-eared bat 
Corynorhrnus foibnsendrr 

Yuma myotis 
Myoirs yunlanensrs 

Western mast~ff  bat 
Etmtops peroirs 

CSCI Nest in riparian habitats; prefer willows Present - Observed on Copeland Creek 
MNBMC and cottonnoods near water (western portion) during nesting season 

in '00 
CSCI Nest in low trees and shrubs in nparlan Low - Did not nest o n s ~ t e  in '94, '00. 

zones or along edge of woodland habitat marginal 

Various Red-ta~led hawk and Great horned owl 
nests present onslte In '00 

CSCI- Roosts in caves, trees and buildings: Moderate - Suitable roostlng and 
forages in variety of habit foraging habitat present: known horn 

reglon 
CSCI Roosts III caves, buildings, hollow Moderate - Suitable foraging hah~tat 

redwoods: forages in variety of hab~tats present,  known from rcglon 

CSCI Varicty of habitats at lower elevations. Modcratc - Suitablc roostlng and 
roosts in hu~ldings, trees and rock forag~ng habitat present 

outcrops 
CSCI I<oosts in rock crevices, occasionally [,ow - No roosting habitat present 

build~ngs: forages in open habitats 

Status Codes: 

Status - State SE 
ST 
SC E 
SCT 
CSC 
CFP 
C P 
3503.5 

State-listed as Endangered under California Endangered Species Act (CESA) 
State-listed as Threatened under CESA 
State candidate for listing as Endangered 
State candidate for listing as Threatened 
California Special Concern species designated by thc Department of Fish and Game (DFG) 
Fully Protected Species under the Fish and Game Code of C a l ~ f o r n ~ a  
Protected Species under the California Code of Regulations 
Protected nesting birds of prey (Orders Falconiformes and Strigiformcs) undcr Fish and Ciame Code Section 3503.5 

Status - Federal FE Federally-listed as  Endangered under Federal Endangered Species Act (ESA) 
FT Federally-listed as Threatcned undcr ESA 
FPE Federally proposed for listing as Endangered under ESA 
FPT Federally proposed tbr listing as Threatened under ESA 
FPD Federally proposed for Delisting 
FC Federal candidate species (former Category 1 candidates) 
MNBMC Fish and Wildlife Service: Migratory Nongamc Birds of Management Concern 
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5.0 CONCLUSIONS 

Several special-status vertebrate species inhabit the region or occurred in the region historically and were 
considered to have some potential to occur on the pro-ject site. Focused surveys, habitat suitability 
assessments. and a literature review were conducted to determine the likelihood that each species could 
occur on the Vast Oak pro-ject site. 

The central California coast steelhead has been reported from Copeland Creek and is the only threatened or 
endangered vertebrate currently known from the site. The site is outside of the range of the federally 
threatened California red-legged frog as delineated by the USFWS (1996). Nocturnal surveys for red- 
legged frogs were conducted on five occasions between 1995 and 2000, and none were observed. Aquatic 
sampling for red-legged frog larvae has been carried out on seven occasions between 1994 and 2000, and no 
evidence of breeding by the species has been detected. 

Five other special-status species were observed onsite during field studies: white-tailed kite, grasshopper 
sparrow, foothill yellow-legged frog, western pond turtle and yellow warbler. Although the white-tailed 
kite, a CDFG fully protected species, did not nest on the site in 1994 or 2000, suitable nesting habitat is 
available along Copeland Creek and in the oak woodland onsite. Three grasshopper sparrows, a USFWS 
Migratory Nongame Bird of Management Concern, were observed singing onsite during the nesting 
season, and it is strongly suspected that the species nests in the agricultural fields and grassland both east 
and west of Petaluma Hill Road. The foothill yellow-legged frog and westel11 pond turtle, CDFG protected 
species and species of special concern, and the yellow warbler, a CDFG species of special concern and 
USFWS Migratory Nongame Bird of Management Concern, were detected along Copeland Creek. 
Although these species are expected to largely remain within the riparian corridor present along Copeland 
Creek, some use of ad-jacent upland areas is expected by all the species. Foothill yellow-legged frogs must 
escape high waters during the winter and have been recorded up to 150 feet from aquatic habitats. Western 
pond turtles also must escape high water and will travel up to 2,500 feet to construct nests in grasslands, 
agricultural fields and other open habitats. Suitable nesting habitat for the yellow warbler is present along 
Copeland Creek in the western portion of the site. Copeland Creek in the eastern portion of the site lacks 
riparian cover, and does not provide habitat for yellow warblers. 

The Cooper's hawk, California horned lark, loggerhead shrike, pallid bat, Townsend's big-eared bat and 
Yuma myotis are considered to have a moderate potential to inhabit the study site during the breeding 
season. The ferruginous hawk has a moderate potential to occur on the site during the winter. The rest of the 
specials-status species under consideration are considered to have a low potential to inhabit the study site 
due to the lack of breeding, nesting or wintering habitat, the lack of recent records from the region, and/or 
the lack of observations during focused surveys. 
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APPENDIX 1. Vertebrate species observed or detected by sign at the Vast Oak Project Site, Sonoma County 
during field studies performed from 1994-1996 and in 2000. 

AMPHIBIANS 
Bufonidae 

B L I ~ O  boreas 
I l l  lidae 

H\,/il / Pseuducris) regilla 

Rn~lcl icltesbe~clnn 
REPTILES 
En11 d ~ d a e  

Clen~lnps marmorata marmorata 
Iguanidae 

Scelopor~is occidentalis 
Scincidae 

Eunzeces skiltonianus 
BIRDS 
Ardeidae 

Ardea horodias 
Anatidae 

Anus platyrhynchos 
Cathartidae 

Cuthartes aura 
Accipitridae 

Elanus leucurus 
Buteo jamaicensis 

Falconidae 
Falco spclrverztls 

Phasianidae 
Phnsranus colchicus 

Columbidae 
Colunzbu llvm 
Zenaida macroura 

Strigidae 
Bubo virginianus 

'l'rochilidae 
Calypte anna 

Picidae Woodpeckers 
Picoides pubescens 
Picoides nuttallii 

'l'yrannidae 
Tyrannus verticalis 
Sayornis nigricans 
Enzpidorzax dgficilis 

Alaudidae 
Erenzoplziln alpestris c~ctia 

Hirundinidae 
Tachycirzeta bicolor 
Hirundo pyrrhonota 
Hirundo rtlstica 

Corvidae 
Aphelocoma calrfornica 
Cvanocitta stelleri 
COITUS brachyrhynchos 
Conus  corax 

Muscicapidae 
Chomc~eo jasciatn 

I'aridae 
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True I'oads 
Western toad 

Tree Frogs 
Pacific (= chorus) trccfrog 

True Frogs 
Foothill yellow-legged frog 
Bullfrog (introduced) 

Box and Watcr Turtles 
Northwcstern pond turtlc 

Iguanids 
Western fence lizard 

Skinks 
Western skink 

Herons. Egrets and Bitterns 
Great blue heron 

Swans. Geese. and Ducks 
Mallard 

American vultures 
Turkey vulture 

Hawks, Kites and Eaglcs 
White-tailed kite 
Red-tailed hawk 

Falcons and Caracaras 
American kestrel 

Grouse and Ptarmigans 
King-necked pheasant (introduced) 

Pigeons and Doves 
Rock dove 
Mourning dove 

Typical O~v l s  
Great horned owl 

Hummingbirds 
Anna's hummingbird 

Downy woodpecker 
Nuttall's woodpecker 

Tyrant Flycatchers 
Western kingbird 
Black phoebe 
Pacific-slope flycatcher 

Larks 
California horned lark 

Swallows 
Tree swallow 
Cliff swallow 
Barn swallow 

Jays, Magpies and Crows 
Western scrub-jay 
Steller's jay 
American crow 
Common raven 

Wrentit 
Wrentit 

'Titmice and Chickadees 
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Baeolophus itiortiatus 
Poecile rufescens 

Aegithalidae 
Psaltriparus minlmus 

Sitticlae 
Sirro c~irolinensis 

Regulidac 
Kegz11zts culetitlula 

Muscicapidae 
Catharzrs ~rsf~llatus 
Tl(rdzls migratoriirs 

Mimidae 
.Ilirlllls polyglottos 

Sturnidai: 
Srurn~r.c vnlgaris 

Emberiridae 
Dendt-oicu petechia brewsteri 
Pheucticzts melanocephulus 
Pipilo macu/utus 
Pipilo crissulis 
Ammorlmmus suvarinarum 
Melospizu melodia 

Agelaizls plioetiiceus 
Eztphagzls cyutzocephalus 
,Molodlrzrs tzrer 

Fringillidae 
C'r~rdzlelis psaltria 
Cizvpodaczls mexicanus 

MAMMALS 
Mollossidae 

Tc~darida brasiliensis 
Didelphidae 

llidelphis virgininnn 
Leporidae 

$dvilagus audubonii 
Sciuridae 

Spermophilus beecheyi 
Geomyidae 

T l z o t ~ ~ o m ~ ~ s  bottae 
Canidae 

Curlis latrans 
(,'ur~is,familiarensis 

Procqonidae 
1'roc:von lofor 

Mustelidae 
.\,fephitis mephitis 

Felidae 
filis catus 

Oak titmouse 
Chestnut-backed chickadee 

Rushtits 
Bushtit 

Nuthatches 
White-breasted nuthatch 

Kinglets 
Rub)-crowned kinglet 

Thrushes 
Swainson's thrush 
American robin 

Mimic thrushes 
Northern mockingbird 

Starlings 
European starling (introduced) 

Warblers. Sparrows 
Yellow warbler 
Black-headed grosbeak 
Spotted towhee 
California towhee 
Grasshopper sparrow 
Song sparrow 
Dark-eyed junco 
Western meadowlark 
Red-ninged blackbird 
Brewer's blackbird 
Brown-headed cowbird 

Finches 
Lesser goldtinch 
House finch 

Free-tailed bats 
hlexican free-tailed bat 

Opossums 
Virginia opossum (introduced) 

Rabbits and hares 
Audubon's cottontail 

Squirrels 
California ground squirrel 

Pocket gophers 
Botta's pocket gopher 

Foxes. Wolves and relatives 
Coyote 
Domestic dog (introduced) 

Raccoons and Relatives 
Raccoon 

Weasels, Skunks and Relatives 
Striped skunk 

Cats 
Feral cat (introduced) 
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Appendix M 
Water Tank Site  

Cultural Resources Assessment 
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