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Executive summary 

This report presents a comprehensive assessment of the water-related infrastructure in the sourthwestern section 

of the City of Cloverdale, California ("City"). The study area is bounded by US-101 to the East, Sandholm Lane to 

the North, and the city's Sphere of Influence boundary on the South and the West. This memo is undertaken in 

response to the City's plans for the Baumgardner Ranch Development (BRD), a high-density development project 

in the northern section of the study area. Given that this area lies within the City's extended Urban Growth 

Boundary and there are likely to be future development plans, the water infrastructure needs have been 

considered in the context of both estimated general population growth as detailed in the Cloverdale General Plan, 

and the additional growth connected to the BRD. This report describes existing and expected future covers the 

following topics related to the Southwest Cloverdale study area: land use and population growth; the City’s existing 

potable water system; the current stormwater infrastructure in the area and mitigation of development-related 

runoff; the current wastewater infrastructure and future wastewater system needs in the context of planned future 

development; a traffic impact study related to planned development; and a brief overview of current dry utilities in 

the area. Key conclusions of these sections are summarized here. 

The majority of the study area, aside from land already set aside for the BRD, is classified as Conservation 

Features (CF) and has growth restrictions designed to maintained open space and rural character. However, 

despite these restrictions there are existing neighborhoods in the CF area; it is important to ensure that the city 

services in these neighborhoods aren't impacted by planned development. 

Using the planning documents provided by the city for the BRD and the City's Water Master Plan, GHD simulated 

the future water distribution system in Southwest Cloverdale. Assuming 12-inch water main segments, and using 

past water usage as a benchmark, model results indicate that the planned future water distribution system will be 

able to meet Maximum Daily Demand under current and projected scenarios. The system will meet standards for 

fire flow, unless the BRD includes a building with more than 30,100 square feet of floor space (which would require 

more stringent fire flow standards). Current storage at the Clover Springs Reservoir site is adequate for current 

and projected needs. The existing water pumps at the Zone 3 Pump station are adequate for future needs, but 

may be operating beyond their efficiency point. 

The lack of storm drain infrastructure in Southwest Cloverdale poses an environmental risk without properly 

instituted Low-Impact Development (LID) measures to mitigate runoff and downstream impacts from the BRD and 

other development. Several examples of LID mitigation measures are given, all of which would reduce post-project 

runoff when combined with a proposed storm drain system. 

Building out the South Cloverdale area in accordance with planned development will also require waste water 

infrastructure improvements, including not only additional linear infrastructure but improvements to the system's 

pumping capacity as well. Modeling shows that the choice of connection point provides significant cost savings 

related to additional pumping capacity. Additional savings can be gained through the reduction of inflow and 

infiltration (I&I) which add volume to waste water needs. Many of the LID strategies mentioned in relation to 

stormwater mitigate I&I, offering the potential to address multiple challenges with the same improvements. 

Finally, the proposed development in South Cloverdale will cause two intersections at Santana Boulevard to 

exceed acceptable traffic standards: Santana Ave and South Cloverdale Boulevard, and the Santana Ave 101 

Overpass and Northbound ramps. This report recommends either signalized intersection improvements or the 

installation of roundabouts to relieve this congestion. Both of these improvements must be undertaken in 

collaboration with Caltrans, but either approach would relieve traffic pressure at peak hours without the additional 

costs of widening or altering US-101. 

This report is subject to, and must be read in conjunction with, the limitations set out in section 1 and the 

assumptions and qualifications contained throughout the Report. 
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1. Introduction  

1.1 Purpose of this report 
The City of Cloverdale (City), in Sonoma County, has a population of 8,996 (2020 Census) and is currently 

developing south of the City’s boundary to accommodate for anticipated population growth to reach 12,000 by 

2025. The last General Plan developed by the City (2009) extended the Urban Growth Boundary (UGB) south of 

Cloverdale into a previously unincorporated area, and closer to the limits of the City’s Sphere of Influence. GHD is 

working with the City to develop an Infrastructure Assessment and Plan for the re-zoned area south of Cloverdale, 

the Southwest Cloverdale Planning Area, so the City can best meet both existing population demand within the 

area and future development needs. The project area encompasses an area south of Sandholm Lane, west of 

Highway 101, and otherwise extending out to the limits of the City’s Sphere of Influence. 

1.2 Scope and limitations 
This report has been prepared by GHD for City of Cloverdale, California and may only be used and relied on by 

City of Cloverdale, California for the purpose agreed between GHD and City of Cloverdale, California as set out in 

section 1.1 of this report. 

GHD otherwise disclaims responsibility to any person other than City of Cloverdale, California arising in connection 

with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed 

in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 

information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this 

report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD 

described in this report (refer to sections 2.1-3, 3.1-3, 4.1-3, 5.1-4, and 6.1-3 of this report). GHD disclaims liability 

arising from any of the assumptions being incorrect. 
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2. Land Use and Population 

2.1 Southwest Cloverdale Planning Area Land Use 
Classifications 

Although other zoning categories exist in Cloverdale, only four land use classifications exist within the Southwest 

Cloverdale Planning Area:  

– High Density Residential (HDR) 

– Low Density Residential (LDR) 

– General Industry (GI) 

– Conservation Features (CF) 

The land uses approved for the area are based on the Cloverdale General Plan Land Use Map, last updated on 

February 2019, and documents for the Baumgardner Ranch Development (BRD) Project, a new high-density 

development, which has been approved for construction by the City and lies within the northern part of the project 

area. Total area approximations for the LDR, GI, and CF land use classifications were determined through a 

spatial analysis of the land use map. These were further adjusted by removing land area that will be used in the 

BRD, as the BRD project area will be zoned as HDR.  

The South Planning Area, adapted from the General Plan Land Use Map and the Baumgardner Ranch 

Development Project-Initial Study/Mitigated Negative Declaration (Study), are shown in Figure 2-1 on the following 

page. The area is bordered to the east by Highway 101, north by Sandholm Lane (extended southwest to the 

City’s Sphere of Influence), and otherwise enclosed by the City’s Sphere of Influence; the HDR area represents 

land that will be developed under the BRD project.  

Low Density Residential (LDR) land use refers to areas that provide larger subdivision units: houses for single 

families with lot sizes of 6,000 square feet. The approximate area of LDR within the project area is 38.1 (+/-) acres.  

General Industry (GI) land use may consist of lower-impact industries that utilize limited manufacturing, industrial 

parks, lumber mills, assembly, warehousing and/or distribution; offices and research and development activities 

may also be included. The approximate area of GI within the project area is 64.8 (+/-) acres. 

Conservation Features (CF) land use serve as recreational and agricultural assets outside of the Urban Growth 

Boundary yet within the Cloverdale Planning Area. Conservation Features predominantly exist to provide river 

recreation opportunities, especially surrounding the Russian River (300 – 1,000 feet setbacks), as well as to serve 

as open space buffers and agricultural production. Within the project area, zoned conservation areas mainly 

encompasses hillside open space and the Raines Creek Water District Exception Area. The approximate area of 

CF within the project area is 237.9 (+/-) acres.  

2.2 High Density Residential in the Baumgardner Ranch 
Development 

All information provided in this section is sourced from the Study prepared by First Carbon Solution for the City on 

February 11, 2020. Note that the City approved the proposed BRD per the Study with eight (8) less single family 

homes than indicated in the Study being referenced.  

The Study describes the project site as “bounded by Sandholm Lane and single-family residential homes (north); 

undeveloped land (west); Kelly Road and undeveloped land (south); and a Payless Storage Facility and gas 

station (east)” as well as “the portion of Kelly Road… that extends from the project site to South U.S. 101 

(Redwood Highway).” The BRD will use two parcels, Assessor’s Parcel Number (APN) 117-040-053 and 117-040-

084, totaling 28.5 acres. The entire project area then will be re-zoned to be High Density Residential (HDR) upon 

completion of the development due to the higher population density of the development.  
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Within the project area are existing CF, GI, and LDR-zoned areas. According to the Study, a portion of the CF 

area, at 7.99 acres, will remain undeveloped and preserve the oak woodland area in the west section of the site; 

8.52 acres the easternmost portion of the site is in the existing GI zone, and extends east of Foothill Boulevard to 

the edge of existing commercial buildings’ footprints, totaling 10.56 acres. In between the CF and GI zones is an 

existing LDR area, at 9.57 acres.  

Prior to construction, all existing buildings, except for one single-family home, would be demolished, totaling 3,360 

square feet of nonresidential buildings. Additionally, the two existing parcels will be sub-divided and re-zoned into 

the following parcels: 

• Parcel A: 9.37 acres with 71 single-family homes1. 

• Parcel B: 4.95 acres with 59 row-house units and 1 community clubhouse 

• Parcel C: 5.89 acres with 166 apartment units and 1 community clubhouse.  

o 92 of the 166 apartment units will be deed-restricted to low-income families, and will be eligible for 

a 35% population density increase per housing unit per Chapter 18.13 of the City’s Zoning 

Ordinance and the State Density Bonus Law. 

• Parcel D: 1.50 acres with an existing single-family home and woodland area. None of this area will be 

developed further, and the home within this parcel is part of calculations for existing LDR development 

(Not BRD estimates). 

• Parcel E: 6.79 acres consisting of the existing CF area. It will not be used for dwelling units, but instead as 

privately maintained open space. Foothill Boulevard is planned to be extended into the development and 

connect to an extension of Kelly Road (Street A in the Study) to separate Parcel B and C from the other 

parcels. Refer to the Study’s Exhibit 6: Project Site Plan for further information, found in Appendix A.  

  

 
1 Initially, the Study proposed 79 single-family homes, but the City approved the development with 71 units (Eight less units) instead. 
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Figure 2.1 Southwest Cloverdale Land Uses, 2009 
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2.3 Population and Density 
Typically, water and wastewater demands are calculated on a household or population basis for residential areas, 

and total built-up area for non-residential zones. In the project area, HDR, LDR, and CF land uses classify as 

residential, and GI classifies as non-residential. The following sections describe the method and results for 

determining the land uses’ effects of a maximum build-out scenario within the Southwest Cloverdale Planning 

Area. 

2.3.1 Method  

Maximum allowable population and housing densities are dependent on the land use categories considered; the 

following table describes the characteristics of the four land use classifications within the project area. The 

Maximum Dwelling Units per Net Acre, Population per Dwelling Unit, and Floor Area Ratio were found in the City’s 

Zoning Ordinance:  

Table 2.1 Southwest Cloverdale Land Uses and Densities 

Land Use 

Category 

Land Use Sub-category Maximum Dwelling Units 

per Net Acre 

Population per 

Dwelling Unit 

Floor Area Ratio  

Residential High Density Residential 16 units/net acre 2.6 0.35-0.40 

Residential Low Density Residential 4 units/net acre 2.6 0.35-0.40 

Industry General Industry N/A N/A 0.60 

Other Conservation Features 1 unit/160 net acres 2.6 N/A 

Source: City of Cloverdale General Plan (Amended Jan. 2015). City of Cloverdale. 

Net acres are “net” after deleting “environmentally sensitive lands,” defined as lands over 20% slope, lands in 

required stream or creek setbacks, woodlands, or lands with federal or state listed endangered species. 

Densities may be increased as provided for under State Density Bonus Law and/or Chapter 18.13 of the Zoning 

Ordinance. The density is increased in the BRD for 92 apartment units. 

For this analysis, it was assumed that the total acreage determined from the spatial analysis is equivalent to the 

Net Acreage. The total areas approximated for each residential land use types were used to determine the 

maximum dwelling units allowed, and the Population per Dwelling Unit ratio of 2.6 was used to estimate the 

population inhabiting the maximum amount of dwelling units. For the 92 BRD apartments that are deed restricted 

for lower-income residents, a 35% population density increase is allowed per Chapter 18.13 of the Zoning 

Ordinance, totaling 3.51 people per dwelling unit. The two community clubhouses proposed in the Study are non-

residential and therefore not included in population estimations. The maximum built-up area was estimated 

assuming a Floor Area Ratio of 0.4. 

As previously mentioned, this method was not applied to the General Industry area. The maximum built-up area 

was estimated by multiplying the zone’s total acreage by its Floor Area Ratio (FAR). 

2.3.2 Existing Residential Buildings in Conservation Features Land 
Use 

The southernmost section of the project area is a large parcel of the Conservation Feature land use classification. 

According to the land use densities allowed by the City, the area of that parcel can accommodate one dwelling 

unit. However, existing dwelling units already exist in the area, highlighted in blue in Figure 2.2.  

The existing residential dwelling units consist mainly of single-family homes off of Theresa Drive and Hiatt Road 

with 24 trailers past the west end of the Theresa Drive extension. Furthermore, a multifamily housing unit with 6 

dwelling units exists at the south side of the intersection of Theresa Drive and Highway 101, and 6 houses exist 

north of Theresa Drive and south of Hiatt Road, off of Highway 101. North of Hiatt Road, 4 houses already exist in 

the CF area, as well.  
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Figure 2.2 Existing Buildings within the Conservation Features Land Use 
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Demand for this area will be significantly higher than that of ordinary CF land, due to the higher population density, 

and should be considered when modeling the water and wastewater system for infrastructure design. The dwelling 

units were counted using Google Earth Pro and represent the actual number of units in the area with the 

population estimated using the same method described above. 

2.3.3 Population Distribution 

The following table summarizes the results found for the built-out scenario. As CF is defined as open space, there 

is no built-up area in this zone. However, in the southern area of the Conservation Features land use, there are 

already multiple residential dwelling units. The number of units was replaced with the actual amount, to be able to 

account for the existing residences that would constitute higher demand in that area. 

Table 2.2 Summary of Results in Built-out Scenario 

 Land Use Classification 

 High Density 
Residential 
(HDR) 

Low Density 
Residential 
(LDR) 

Conservation 
Feature (CF) 

General Industry 
(GI) 

Total 

Area (Acres) 28.5 38.1 237.9 64.8 369.3 

Dwelling Units 296 153 102* - 551* 

Population 600*** 397 265* - 1,263* 

Built-Up Area 
(Acres) 

4.7 **** 15.2 ** 38.9 59** 

* Dwelling units and population estimates were determined by a spatial analysis of the project area and the BRD Study. 

** Demand is based off of population for the residential areas (CF, LDR and HDR). Therefore, built-up area was not necessary for further 

calculations and not calculated for CF areas. The total is not representative of dwelling units in CF areas. 

*** Includes 35% density increase for select apartments within the BRD. 

**** Sourced from the Baumgardner Ranch Development Study estimated building coverage area 

2.4 Conclusions: Land Use and Population 
The City of Cloverdale's (City) extension of the Urban Growth Boundary south has led the City to re-evaluate its 

utility master plans and address increased service and infrastructure demand from annexed industries and 

residential areas south of the city limits. GHD is helping the City develop an Infrastructure Assessment and Plan to 

deliver services to the newly incorporated land south of the city and west of Highway 101, consisting of Low 

Density Residential, General Industry, and Conservation Feature land use types. The planned additional housing 

development and land use changes within the project area from the Baumgardner Ranch Development project 

have also been taken into account in determining maximum population estimates for the project area. Low Density 

Residential, General Industry, and Conservation Feature area within the BRD project area will be converted to 

High Density Residential zoning. 

Conservation Features predominate the project area, with about 238 acres, and should allow for solely 1 dwelling 

unit due to its low population density. However, two existing neighborhoods along Theresa Drive and Hiatt Road, 6 

dwelling units along Highway 101, 24 trailers, and one multifamily residence already exist in this area, totaling 102 

dwelling units and an estimated residential population of 265. Therefore, it is essential to meet the demand of 

these existing neighborhoods and provide adequate services to those already living in the project area. Assuming 

no further growth in the CF area, and taking into account the BRD project, the maximum residential population in 

the project area is about 1,263 people in 551 dwelling units, residing in HDR, LDR, and CF zones. Future 

development would occur only in the LDR zones and through the BRD project under this scenario. 

Demand for High Density Residential, Low Density Residential and Conservation Feature areas is a function of 

expected dwelling units and/or population at maximum allowable housing density, at the built-out point. 

Conversely, maximum built-up area, assuming maximum FAR, determines demand for the non-residential, 

General Industry area. The total GI area will be 64.8 acres, with a maximum built-up area potential of 38.87 acres, 

or 1,693 KSF (thousand square feet).  
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3. Water System 

3.1 Water System Background 
The City’s existing potable water distribution system consists of a well field, a water treatment plant along the 

banks of the Russian River approximately 1/4 mile north of the East First Street (Crocker Road) Bridge, a 

distribution network of 4-inch to 16-inch pipelines, pump stations, and water storage reservoirs. The entire system 

is operated and maintained by the City. The system is divided into three pressure zones, Zone 1 through Zone 3, 

each with its own water storage reservoirs. The service area of each zone is dictated by the maximum storage 

elevation of their respective reservoirs. The service pressure at a particular point of the network is dependent on 

the water elevation of the reservoirs at the time. In addition to the individual storage for each zone, Zones 1 and 2 

and Zones 1 and 3 are interconnected to allow water to move from the higher-pressure zones to the lower 

pressure zones if pressure in any zone falls below 20 pounds per square inch (psi). 

Zone 1 is the primary water zone which provides service coverage to the central portion of the City. The zone limit 

is approximately bounded by North Street to the north, Foothill Boulevard to the west, Sandholm Lane to the south 

and the Russian River to the east. The zone consumes approximately 67% of the City’s water production. All water 

from the water treatment plant flows through Zone 1 to one of the following destinations: individual users in Zone 

1, one of the Zone 1 storage tanks, or one of the pump stations to be pumped to the other two pressure zones. 

Zone 1 has five storage tanks located in three sites ranging from 196,000 gallons to 500,000 gallons in volume. 

Zone 2 serves the northern and north-western portions of the City along the hillsides. It consumes approximately 

13% of the City’s water production. Zone 2 is generally located north of North Avenue, west of Jefferson Street or 

Foothill Boulevard, and east of the Cloverdale Creek. Zone 2 has one 500,000-gallon storage tank that is 

replenished with Zone 1 water through a pump station at School Street north of Hillside Drive. 

Zone 3 currently serves the western and southwestern portions of the City along the hillsides. It consumes 

approximately 20% of the water production with a primarily residential demographic. The zone is generally defined 

as west of Foothill Drive and south of West Second Street. It has two 375,000-gallon storage tanks and one 

500,000-gallon storage tank located at the Clover Springs Reservoir site, which is located at the end of Skyview 

Drive. The reservoirs have a maximum storage elevation of 710 feet above sea level. The tanks are replenished 

with Zone 1 water through a booster pump station located on Foothill Boulevard north of Douglas Fir Circle. The 

pump station has three existing pumps capable of pumping 1,250 gallons per minute (gpm) in total. 

The Southwest Cloverdale Planning Area will be an extension of Zone 3 and consists of residential water users 

from new developments and existing residences, and new general industry users. The development area is 

generally located south of Sandholm Lane, west of State Route 101 and extends south to the existing rural 

residential parcels along Theresa Drive. 

Under the City’s General Plan, the north-western portion of the development area consists primarily of 

undeveloped land that is assigned with Low Density Residential and Conservation Features designations. 

However, a recent development application received by the City, designated as the Baumgardner Ranch 

Development project, proposed a higher density residential use for a portion of the area. The project, located 

between Sandholm Lane and Kelly Road, will consists of a total of 304 housing units and related infrastructure on 

approximately 20.2 acres while preserving approximately 8.3 acres of open space on the 28.5-acre project site. In 

total, 79 single-family residences, 59 row house unit and 166 apartment units are proposed for this development. 

The north-eastern portion of the development area consists primarily of undeveloped land that is assigned with a 

General Industry designation. The southern portion of the area consists of a mix of existing rural residential 

parcels, agricultural parcels, and undeveloped land that are currently not connected to the City’s water distribution 

system. This portion of the area is assigned with a Conservation Features designation. Conservation Features 

land use serves as recreational and agricultural assets outside of the City’s Urban Growth Boundary but is still 

within the Cloverdale Planning Area. Existing residential homes within the Conservation Features areas are 

expected to remain in place for the foreseeable future. With the expansion of the water distribution system into the 

Southwest Cloverdale area, these parcels are expected to be connected to the City’s water distribution system in 

lieu of their current water source. The proposed land uses within the Southwest Cloverdale Planning Area are 

summarized in Figure 3.1. 
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3.2 Planning and Evaluation Criteria 
The City has adopted Design and Construction Standards (Standards) which outline the minimum requirements for 

new water main construction. New water mains are required to be a minimum of 8-inches in diameter. A minimum 

pipe diameter of 12-inches is required if the system is in an industrial area. These requirements are in place to 

ensure sufficient fire flow availability and even pressure distribution throughout the network. 

For pipelines with a working pressure of less than 100 psi, Class 150 C900 polyvinyl chloride (PVC) or Class 150 

C151 ductile iron pipe (DIP) are required for 8-inch and 12-inch water mains. Class 200 PVC or DIP is required if 

working pressures are anticipated to exceed 100 psi. Any pipeline constructed outside of paved areas is required 

to be DIP, unless otherwise approved by the City. Individual pressure regulating devices are required at each 

service connection for areas where system pressures exceed 80 psi. 

For new developments, a minimum service pressure of 40 psi is required at the customer meter when the 

reservoirs are half-full under Average Day Demand (ADD), Maximum Day Demand (MDD) and Peak Hour 

Demand (PHD) conditions. While the minimum fire flow requirements are determined based on the building size 

and type per the latest edition of the California Fire Code, a minimum residual pressure of 20 psi is required 

regardless under Maximum Day Demand plus Fire Flow (MDD+FF) condition. 

Distribution system pipelines are generally sized to carry the greater of the PHD or the MDD+FF. Other criteria 

related to the distribution system piping include maximum and minimum velocity and the maximum allowable 

friction head loss. These guidelines are established to assist in sizing water mains and to locate areas requiring 

with water main improvements. The Standards do not specifically address minimum or maximum pipeline velocity. 

However, a normal range of operating velocity between 4 and 7 feet per second (ft/s) under ADD and MDD, with a 

maximum of 7 ft/s at PHD and 10 ft/s during MDD+FF is typically accepted within the industry. There is no 

minimum velocity requirement in water system design, except that stagnant flow in dead ends is discouraged as 

water quality will suffer as a result. 

As long as the maximum velocity and pressure criteria are not violated, high head loss by itself is not an important 

factor. However, a pipe segment with high head loss may serve as a warning that the pipe is nearing the limit of its 

carrying capacity and may not have excess capacity to perform under emergency or high-demand conditions. It is 

typically good practice to limit head loss to no greater than 10 feet per 1,000 feet under PHD or MDD+FF 

conditions per industry standards. Under similar industry standards, head loss should be limited to approximately 3 

feet per 1,000 feet under ADD conditions. 

The planning and evaluation criteria are summarized in Table 3.1. 
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Figure 3.1 Southwest Cloverdale Land Uses 
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Table 3.1 Planning and Evaluation Criteria 

Item Criteria 

Minimum Pressure • 40 psi under ADD, MDD and PHD 

• 20 psi at fire hydrant under MDD+FF 

Maximum Allowable Pressure • 80 psi under MDD (services with greater static pressure 
require a pressure regulator) 

Maximum Pipeline Velocity • 4 to 7 ft/s target under ADD or MDD 

• 7 ft/s under PHD 

• 10 ft/s under MDD+FF 

Maximum Pipeline Head Loss • 10 feet per 1,000 feet under PHD or MDD+FF 

Minimum Pipeline Sizing • 8-inches for residential installations 

• 12-inches for industrial installations 

Minimum Pipeline Pressure Class • Class 150 PVC or DIP under 100 psi working pressure 

• Class 200 PVC or DIP above 100 psi working pressure 

 

3.3 Water System Model Development 

GHD prepared a hydraulic model using the Bentley WaterCAD V8i software to simulate the future water 

distribution system in the Southwest Cloverdale Planning Area. The model included all junctions and pipes for the 

development area. The location and size of the components are based on planning documents, record drawings, 

and conversations with City staff. Surface elevations for the junctions were inferred from data obtained from the 

Sonoma County Vegetation Mapping & LiDAR Program. An overview of the water distribution system as modeled 

is shown in Figure 3.2. 

The Southwest Cloverdale extension was simulated using 12-inch water main segments per the development plan 

recommended in the City’s Water Master Plan. Based on the information available to GHD for this analysis, the 

future water system network was connected to the existing water distribution system via a mock storage tank to 

simulate water supply. The mock storage tank and associated piping were calibrated to match the field conditions 

at the proposed Southwest Cloverdale connection point. 

The hydraulic model calibration included adjusting model parameters based on available fire flow test results. To 

inform this analysis, the City performed a fire flow test on October 28, 2020 at two fire hydrants that are connected 

to the Zone 3 pressure network near the proposed connection point. A fire hydrant at 303 Sunrise Drive was 

utilized as the flow hydrant and a fire hydrant at 313 Sunrise Drive was utilized as the residual hydrant. The 

hydrant flow test is included with this memo as Attachment 1. 

Per City standards, the fire flow test results were adjusted in order to evaluate the system when the reservoir 

levels are at 50%. The static pressure from the fire flow test was used to determine the water level elevation 

setting for the mock storage tank. The fire flow rate and residual pressure at the fire hydrant at 303 Sunrise Drive 

were used to calibrate the friction factor of the pipe segment between the mock storage tank and the model 

junction where the fire flow test was performed. The model was calibrated to match the fire flow test results, which 

provided 1,840 gpm with a residual pressure of 120 psi at Junction J-1 located at the corner of Foothill Boulevard 

and Sandholm Lane. 

Table 3.2 Model Calibration Summary 

Parameter Actual Model 

Static Pressure 160 psi 153 psi 

Residual Pressure 120 psi 120 psi 
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3.4 Water Demands Development 

Water meter records for the entire City for the period of 2017 to 2020 were reviewed to determine average and 

seasonal consumption trends. The data was used to estimate the water demand for each type of land use that will 

be present in the Southwest Cloverdale development area. The data from 2020 was evaluated against the 

previous years for any discrepancies due to the ongoing COVID-19 pandemic at the time of writing. Overall, 

approximately 30 sets of water meter records were noted with significant changes in 2020 compared to past years. 

However, these represented less than 1% of the total number of records and the discrepancies were insignificant 

in the overall determination of the water demands. 

The water meter records were analyzed and segregated into an indoor use demand factor and an irrigation use 

demand factor. The indoor use demand factors were determined using water meter data from winter months 

(December, January and February), in which irrigation needs are anticipated to be minimal. The irrigation use 

demand factors were determined by subtracting the average demands from the winter months from the annual 

average demand, while incorporating the data from any dedicated irrigation meters. 

3.4.1 Average Day Demand (ADD) 

The ADD represents the average demand for the entire year. ADDs were generated for each parcel of the 

Southwest Cloverdale Planning Area based on the General Plan land use. The parcels and proposed land uses 

are shown in Figure 3.1. The demand assigned to each parcel consists of the sum of the indoor use factor and the 

irrigation use factor as described above. The demand factors used for this analysis are presentedError! Reference 

source not found. below. 

Table 3.3 Water Demand Factors 

General Plan Land Use Subcategory based on 
Existing Land Use or 
Development Plan 

Unit Water Demand Additional 
Irrigation Demand 

Conservation Features Open Space 0 gpd/acre 0 gpd/acre 

Single Family 150 gpd/du 450 gpd/acre 

General Industry - 15 gpd/1,000 sf 130 gpd/acre 

High Density Residential Apartments 115 gpd/du 390 gpd/acre 

Row Houses 115 gpd/du 390 gpd/acre 

Single Family 150 gpd/du 450 gpd/acre 

Low Density Residential - 150 gpd/du 450 gpd/acre 

3.4.2 Maximum Day Demand (MDD) 

The MDD represents the highest daily demand the system will experience. A water system is usually evaluated 

under MDD condition or MDD+FF condition. These conditions allow the system to be stressed at a higher demand 

rate to ensure that the supply sources and pipeline carrying capacities are adequate. Hydraulic evaluation under 

MDD+FF condition represents a reasonable “worst case” scenario of system operation. An MDD to ADD peaking 

factor is used in the hydraulic evaluation to increase the base average day demands to represent the maximum 

day demand scenario. MDD to ADD peaking factors generally range from 1.2 to 2.5 per American Water Works 

Association (AWWA) guidelines. Based on the City’s water production data presented in the Water Master Plan, 

the average annual water production was measured at 1.33 mgd between 2000 and 2007, while the maximum 

water production observed in 2009 during a seasonal low groundwater elevation period was 2.45 mgd. This data 

suggests a MDD to ADD peaking factor for the City of Cloverdale is around 1.8. An MDD to ADD peaking factor of 

2.0 was adopted for this analysis to be conservative and to account for any variations since the time the water 

production data was collected. 

aoerding
Highlight
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Figure 3.2 Proposed water system 
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3.4.3 Peak Hour Demand (PHD) 

The PHD represents the highest hourly demand on the entire system and approximates the highest flow rate 

expected on the highest-demand (often hottest) day within the past ten years. PHD usually occurs in the morning 

or evening peak demand periods. PHD is typically used to evaluate maximum flow velocities in the distribution 

piping and low pressure areas. Actual operational data is not available to determine the PHD to MDD demand 

peaking factor for the City’s water system for the purpose of this analysis. However, PHD to MDD peaking factors 

generally range from 1.3 to 2.0 per AWWA guidelines. When daily water usage data is available, Title 22 of the 

California Code of Regulations requires that PHD be determined as the average hourly demand of the MDD 

multiplied by a factor of no less than 1.5. Therefore, a PHD to MDD peaking factor of 1.5 was adopted for this 

analysis, which equates to a PHD to ADD peaking factor of 3.0. In addition, Title 22 requires the water system be 

able to meet four hours of peak hourly demand (PHD), with source capacity, storage capacity, and/or emergency 

source connections. 

3.4.4 Fire Flow Demand 

Fire flow analysis was performed in addition to the MDD condition to simulate the worst case scenario as 

mentioned in Section 3.4.2 above. The City’s required flows for new fire hydrants are detailed below and are in 

accordance with the 2019 California Fire Code: 

• The required minimum fire flow for new hydrants in residential areas is 1,500 gpm for 2 hours. 

• The required minimum fire flow for new hydrants in commercial areas (building floor space of 8,200 square 

feet (sf) – 12,900 sf) is 2,000 gpm for 2 hours. 

• The required minimum fire flow for new hydrants in industrial areas (building floor space of 12,900 sf – 30,100 

sf) is 3,000 gpm for 3 hours. 

All flows shown above must maintain a minimum available pressure of 20 psi at the hydrant during peak flows. 

Based on the proposed land uses of the Southwest Cloverdale development area and the existing topography of 

the area, two fire flow scenarios were performed to simulate two potential worse case scenarios for fire flow. The 

first scenario simulates the worst case commercial fire flow situation, in which the required fire flow is higher to 

meet the industrial area requirement, but the fire location is located at a lower elevation where the proposed 

industrial parcels are located (Junction J-10). The second scenario simulates the worst case residential fire flow 

situation, in which the required fire flow is lower to sufficiently meet the residential requirement, but the fire location 

is located at the furthest and highest location of the extended network (Junction J-15). 

3.5 Hydraulic Evaluation 

Multiple hydraulic model scenarios were established to simulate the different levels of water demand and identify 

system deficiencies at those demand levels, including ADD, MDD, PHD and MDD+FF. Per City standards, the 

scenarios were analyzed with system storage tanks at half-full levels. For the MDD+FF scenario, the fire flow 

analysis tool in WaterCAD was used to determine if the water system can meet the fire flow demands while 

maintaining various pressure constraints. The model results are summarized in the tables in Attachment 2. 

The hydraulic model results indicate that the future potable water distribution system will be able to meet the ADD, 

MDD and PHD in the Southwest Cloverdale Planning Area. None of the junctions observed residual pressures 

below the service standard of 40 psi under ADD, MDD or PHD conditions. In fact, the observed residual pressure 

at MDD is higher than 80 psi at all 17 modeled junctions, ranging from 118 psi to 172 psi under ADD, MDD and 

PHD conditions. The minimum system pressure was observed at Junction J-15 at the end of the network 

extension on Theresa Drive, which is also the highest point of this extension. Due to the elevated system pressure, 

pressure reducing valves (PRV) will be warranted to avoid potential damages to the water distribution equipment. 

There are various alternatives for the placement of PRVs in the Southwest Cloverdale extension. One option is to 
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install individual pressure regulating devices at each service connection per the City’s Design and Construction 

Standards. Another option is to install a main PRV near the proposed connection point to reduce the service 

pressure for the entire Southwest Cloverdale Planning Area. Based on the modeling results, a main PRV set to 75 

psi near the proposed connection point will allow nine of the 17 junctions to remain under 80 psi under MDD 

conditions. The service connections in the vicinity of the remaining eight junctions will require individual pressure 

regulating devices. 

The flow velocities observed in the model for all of the pipe segments are significantly below the target range of 4 

to 7 ft/s under ADD and MDD conditions and the maximum of 7 ft/s under PHD condition, with values ranging from 

0.01 ft/s to 0.43 ft/s. Under MDD+FF condition, the flow velocity in all segments remains under the 10 ft/s criterion, 

ranging from 0.01 ft/s to 8.68 ft/s. As mentioned in Section 3.2, there is no minimum velocity requirement in water 

system design. However, low velocities promote stagnant flow in dead ends that may be detrimental to water 

quality, which may be a concern near the end of the pipeline on Hiatt Road and on Theresa Drive. Head loss 

gradients observed in the model are within the recommended industry standards in general. The only elevated 

head loss gradient that was observed was during MDD+FF condition at the pipe segment immediately adjacent to 

the fire flow loading (Water Main WM-10), with a gradient of 0.02 ft/ft. 

For the fire flow analysis, the model results indicate the future network will be able to handle the worst case 

residential fire flow scenario that was established in Section 3.4.4, delivering a fire flow of 2,319 gpm at a residual 

pressure of 20 psi. GHD also explored the option of using 8-inch water mains for the southern portion of the 

development area that serves the Conservation Features land use areas in an effort to improve flow velocities in 

the low water demand area. However, an 8-inch water main network would not be able to provide sufficient fire 

flow for this scenario, providing only 1,357 gpm at a residual pressure of 20 psi. 

With regards to the worst case commercial fire flow scenario, the model results indicated that the system is 

capable of delivering over 3,000 gpm of fire flow with a residual pressure of 20 psi. This meets the fire flow 

requirement for industrial areas as established in Section 3.4.4. However, the requirement applies to buildings with 

floor space up to 30,100 sf only. For the General Industry land use category, the maximum allowable building area 

is 60% of the parcel area per the City’s General Plan. Based on the calculated maximum building area, a single 

building with floor space exceeding 30,100 sf is theoretically possible on any of the industrial parcels within the 

development area. Buildings exceeding 30,100 sf in floor space will have more stringent fire flow requirements per 

the 2019 California Fire Code, which in some cases can be up to 8,000 gpm for 4 hours. Based on the model 

results, the proposed water system will not be able to support fire flow demands of these larger theoretical building 

sizes. The City should be aware of this constraint when approving any potential industrial developments in the 

future. 

3.6 Water Storage Evaluation 

The target storage requirements were established as follows based on a similar method used in the City’s Water 

Master Plan: 

• Domestic Storage – Domestic storage consists of average daily water demand, which is derived from the 

available 2017 to 2020 water meter record data as described in Section 3.4.1. 

• Fire Storage – Fire storage is based on the most stringent fire flow requirement of the applicable land uses 

within the pressure zone and the typical duration to fight a fire. 

• Equalization Storage – Equalization storage is equal to 25% of the MDD. 

According to water storage analysis that was performed in the Water Master Plan, the required storage for Zone 3 

in the future was estimated to be 743,841 gallons, while the available storage at the Clover Springs Reservoir site 

is 1,250,000 gallons, yielding a remaining storage volume of 506,159 gallons. GHD performed an updated water 

storage analysis incorporating the current water usage data and the current development plan for Southwest 

Cloverdale. The updated analysis indicated the required storage projection has increased to 1,066,786 gallons. 
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The increase is mainly due to a change in fire storage requirement to account for industrial parcels (3,000 gpm for 

180 minutes) versus the previous estimate that used a lower fire flow demand requirements targeted at 

commercial parcels (2,000 gpm for 120 minutes). This change increased the fire storage requirement from 

240,000 gallons to 540,000 gallons, which represents a 125% (2.25 multiplier) increase. The domestic demand 

storage requirement also increased by approximately 4% due to an increase in population density that is proposed 

in the Baumgardner Ranch development plan. Even with the increase in required water storage, the available 

storage at the Clover Springs Reservoir site remains adequate, with a projected remaining storage volume of 

183,214 gallons. A summary of the water storage evaluation is shown below. 

Table 3.4 Zone 3 Water Storage Evaluation Summary 

Demand 

Domestic Demand Storage 351,191 gal 

Fire Flow Storage (Industrial) (3,000 gpm x 180 minutes) 540,000 gal 

Equalization Storage (MDD of Zone 3 x 25%) 175,595 gal 

Required Storage 1,066,786 gal 

Storage 

Clover Springs 1,250,000 gal 

Available Storage 1,250,000 gal 

REMAINING STORAGE 183,214 gal 

3.7 Pumping Capacity 

 

Figure 3.3 Zone 3 Pump Station Pump Curve 

A cursory analysis of the pump capacity at the Zone 3 Pump Station was performed based on information 

available to GHD, including the number of pumps, pump model, projected water demand and storage reservoir 

elevations. Typically, booster pumps are designed with the following criteria in mind. 
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• Pumps should meet design flow requirements, even with the largest pump out of service. For example, a 

three-pump station should be able to meet demands using any two of the pumps, otherwise additional capacity 

may be needed. In large stations, it is common to provide additional reliability and flexibility by having more 

than two pumps.  

• If the pump station is to be operated such that different combinations of pumps will be run under different 

demand conditions, it is important that the pumps be selected to work efficiently when operating both alone 

and in parallel with the other pumps. 

• Constant speed pumps are most applicable when pumping into a system with a storage tank. If there is 

sufficient storage floating on the system, the pressure zone can respond to power outages without the need for 

a costly generator and transfer switch. 

• Pump should be selected so that the operating point will be very close to the best efficiency point of the pump. 

The Zone 3 Pump Station, located on Foothill Boulevard north of Douglas Fir Circle, serves as a booster station to 

increase water pressure from Zone 1 to serve Zone 3 customers and to fill the Zone 3 storage tanks at the Clover 

Springs Reservoir site. The pump station has three Berkeley Type B Close-Coupled Motor Driven Centrifugal 

Pumps operating at 1,800 revolutions per minute (rpm) with a combined capacity of 1,250 gpm (approximately 417 

gpm each). The pump curve is shown in Figure 3.3 above. 

One of the important factors to determine if the existing pumps are sufficient for the future water demands is to 

examine their pumping capacities. Based on the water demands that were established in previous sections, PHD 

for Zone 3 in the future with the Southwest Cloverdale development is estimated to be at approximately 732 gpm. 

The current pump station has capacity to sufficiently maintain service under PHD, even if one of the pumps is out 

of service, since the pump station can provide 833 gpm of flow with two pumps running. This suggests the existing 

pumps are adequately sized in terms of the capacity to accommodate the future developments in Southwest 

Cloverdale. 

The other important factor to consider is pump head. The pumps must be capable of lifting the water from the 

pump station to the maximum service level of the Zone 3 storage tanks. The total dynamic head (TDH) of this lift is 

estimated to be 258 feet, based on a static lift of 243 feet from the Zone 1 storage tanks to the Zone 3 storage 

tanks and a minor loss of 15 feet from the approximately 5,000 linear feet of pipeline between the pump station 

and the Zone 3 storage tanks. A comparison of the TDH estimation and the pump curve suggests the pumps may 

be operating out of their efficiency point, which may lead to inadequate service performance, increased energy 

consumption, and increased equipment wear and tear. A comprehensive field pump test is recommended in order 

to gather more data about the operations of the existing pumps. The data would be used to generate a system 

curve that will be useful in conjunction with the pump curve for determining if the existing pumps are sufficient for 

the future water demands. 

3.8 Water System Construction Plan 

The City’s General Plan identified the Southwest Cloverdale development as a location for expansion. This 

development area extends south to the Rains Creek Water District at Theresa Drive along Dutcher Creek Road. In 

order to provide water service to this area, a new extension from the existing Zone 3 pressure network would be 

constructed at the intersection of Sandholm Lane and Foothill Boulevard. 

3.8.1 Water System Network 

According to the General Plan, water system extension in this area is separated into three phases. The first phase 

is a 12-inch water main loop extending from the connection point to just north of Dutcher Creek, then looping east 

to Dutcher Creek Road, continuing north along Dutcher Creek Road to Sandholm Lane, and heading west to 

complete the loop at Foothill Boulevard. The first phase would serve the new Low Density Residential 
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developments including the Baumgardner Ranch Development project and the General Industry parcels in the 

northern portion of the development area. The second phase extends the new 12-inch water main in Dutcher 

Creek Road south to Theresa Drive to serve the existing residential parcels along Dutcher Creek Road and Hiatt 

Road. The final phase extends the new 12-inch water main west along Theresa Drive to serve the existing 

residential parcels. 

Based on the model results, elevated service pressure over 100 psi can be expected throughout this network 

unless a main PRV is installed. Therefore, Class 200 PVC or DIP pipe will be required per City standards. In 

addition, individual pressure regulating devices at each service connection should be installed. 

3.8.2 Cost Estimate 

The preliminary cost opinion is based on a Class 4 estimate as defined by the Association for the Advancement of 

Cost Engineering (AACE) with the level of accuracy for the cost estimate from -30% to +50% of the actual cost of 

construction. The Class 4 estimate conforms to AACE International Recommended Practice No. 18R-97 “Cost 

Estimating Classification System – As Applied in Engineering, Procurement, and Construction for the Process 

Industries.” 

GHD’s preliminary cost evaluation is based on November 2020 U.S. Dollars (Engineering News Record 

Construction Cost Index - 20-City Average = 11,579). The preliminary cost opinion presented in Table 3.5 below is 

inclusive of all project direct costs (trenching, backfill, pavement restoration, connections, and traffic control) and 

project indirect costs (contractor mobilization, demobilization, and construction management). Any easements or 

land acquisitions that may be needed for the proposed water system is not included in this cost opinion. 

Table 3.5 Preliminary Cost Opinion: Southwest Cloverdale Water System Construction 

Item Bid Qty. Bid Unit Unit Price Total 

Mobilization 1 LS $277,420 $277,420 

Traffic Control 1 LS $234,180 $234,180 

Potholing 1 LS $184,800 $184,800 

Sheeting, Shoring and 
Bracing 

1 LS $231,180 $231,180 

Dewatering 1 LS $616,000 $616,000 

Handling, Treatment, 
and Disposal of 
Contaminated Soil 
and GW 

1 LS $154,000 $154,000 

12-inch Water Main 15,400 LF $200 $3,080,000 

SUBTOTAL CONSTRUCTION COST $4,777,580 

Contingency 25% of Construction $1,194,395   

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST (ROUNDED) $5,972,000 

Design, Survey, 
Geotechnical, 
Environmental 
Review, Permits (25% 
of Construction) 

25% of Construction 

$1,194,395 

Inspection/CM/ESDC 
(12% of Construction) 

12% of Construction 
$573,310 

PROJECT TOTAL (ROUNDED) $7,740,000 
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4. Stormwater System 

4.1 Stormwater Background 
The City does not have existing storm sewers serving the South Planning Area, the chief task here is to size, slope 

and locate the basic extensions necessary to accommodate overland runoff based on the enhanced surfaces/land 

use from ‘worst case’ buildout that would need transporting into a contiguous storm network.  

GHD understands the City entered into a partnership with Sonoma County and the City of Santa Rosa in 2015, as 

a co-permittee on a Municipal Separate Storm Sewer System (MS4) Phase 1 Permit. This arrangement helps the 

City better regulate stormwater discharges into its system, to exempt specific non-stormwater discharges, and to 

adopt Low Impact Development (LID) best management practices (BMPs).  

A dynamic hydraulic storm model is used to determine whether adding LID technologies such as bio-retention, 

green roofs, swales, and permeable pavement to the potential build-out development could prove beneficial. 

These green technologies typically help reduce the peaks and reduce overall volume of rainfall into the system 

from lower intensity storm flows. In some cases, it is possible to even negate the need for storm sewer extensions 

if they are able to attenuate and infiltrate enough runoff from the developed surfaces within the South Planning 

Area.  

GHD’s position is that stormwater flow and Green/LID solutions should be analyzed in a more holistic way, 

considering the entire service area and the interaction of all streams, sewers, and land surfaces within it. It is for 

this reason that a more detailed and thorough approach provides a better solution to the question of what to do 

with stormwater and should be left for a more detailed stormwater master planning effort.  

As such, GHD has developed a hydrologic and hydraulic model of the Area of Interest which conceptualizes a 

storm drain system and proposes LID solutions to mitigate the increase in stormwater runoff generated from the 

worst case build out scenario. The following sections outline the specifics of the model builds along with the 

assumptions and a concept level cost estimate of the proposed storm drain infrastructure.  

The proposed land uses within the Southwest Cloverdale Planning Area are summarized in Figure 3.1.  

4.2 Planning and Evaluation Criteria 
The City has adopted Sonoma Water Agency’s (SWA) design standards which outlines the minimum requirements 

for storm drain design. Because there are no specific grading or development plans for the South Planning Area, a 

conceptual storm drain layout was designed to meet the following objectives: 

• Include storm drain pipes 18 inches in diameter and larger for the arterial drainage paths. Smaller capillary 

pipes connecting to drain inlets were not included but should be sized at least 12 inches in diameter. 

• Storm drain alignments were designed to discharge to existing waterways where possible. 

• Storm drain segments were limited to specific land use areas as depicted in Figure 2.1. 

• No storm drain infrastructure is proposed for the conservation features, as these areas should be designed 

to retain infiltration and overland flow paths as much as possible.  

• Existing waterways within the South Planning Area are intended to remain and be protected from 

development and potential causes of increased erosion or scour.  

• Runoff generated from the full build out scenario (future condition) will be mitigated to pre-build out 

conditions (existing condition) with the implementation of bio-retention swales and basins, thereby 

retaining the existing flow regime in the South Planning Area.  

• As per the Sonoma Water Agency guidelines, the storm drain systems will be sized to convey the 10-year 

storm event without surcharging of the system. In addition, the system shall be designed such that the 25-

year storm event can be conveyed without contributing to overland flow through overtopping manholes. 
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4.3 Hydrologic Model Development 
GHD prepared a hydrologic model using the Innovyze Infoworks ICM software to predict design storm event runoff 

for the 10-, 25-, and 100-year storm events. The steps taken to delineate sub-basins, assign runoff parameters, 

and layout the conceptual storm drain infrastructure are described below.  

4.3.1 Sub-Basin Delineation 

The proposed planning area land use figure provided by the City was used to determine the approximate location 

of storm drain infrastructure, and consequently the sub-basin boundaries. See Figure 4.1 for the sub-basin 

boundaries and preliminary storm drainage layout.  

4.3.2 Sub-Basin Loss Parameters 

The runoff curve number (hereafter referred to as the curve number or CN) is an empirical parameter used in 

hydrology to predict the direct runoff from rainfall. TR-55 provides a table of CN values for different land uses, 

treatment, and hydrologic condition; individual values are also provided for each soil group.  

The land coverage within the watershed was divided into three discrete land covers representing proposed land 

use conditions: Low Density Residential, High Density Residential, and Industrial. Based on the current observed 

land use and the area’s Hydrologic Soil Groups (NRCS Soil Survey), the CNs presented in the following table were 

assigned and are based on the hydrologic soil group of C. Composite CN values for each sub-catchment were 

calculated proportional to the area of each land use within the sub-basin. 

Table 4.1 Hydrological Runoff Curve Number (CN) Values 

Land Use Curve Number Value 

Low Density Residential 89 

High Density Residential 90 

Industrial 91 

4.3.3 Transform Method 

The SCS Unit Hydrograph (UH) method was used in Infoworks as the direct-runoff transform method. The model 

is based upon averages of UH derived from gaged rainfall and runoff measured at numerous small agricultural 

watersheds throughout the United States. The SCS UH model uses a dimensionless, single-peaked unit 

hydrograph. Utilizing the UH method in Infoworks requires the lag time for each sub-basin. The lag time is defined 

as the difference in time between the center of mass of effective rainfall and the center of mass of runoff produced 

(Viessman 1995). The flow path for each sub-basin was verified through field reconnaissance and digitized using 

the provided Light Detection and Radar (LiDAR) topographic data. The flow paths were digitized in the Geographic 

Information System program (ArcGIS) and elevations required to determine sheds slopes were obtained from the 

LiDAR topographic data. Principles outlined in TR-55 were utilized to calculate the lag time for each sub-basin. 

The lag time was calculated as (NRCS, 2017): 
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Lt = 0.6*tc 

Where: 

Lt  = Lag time (minutes)  

tc  = Time of concentration (minutes) 

The time of concentration was calculated using the methods outlined by TR-55 for three distinct flow types; sheet 

flow, shallow concentrated flow, and open channel flow. For urbanized sub-basins a minimum time of 

concentration of 5 minutes is recommended. 10 minutes is recommended as the minimum time of concentration 

for rural sub-basins.  

4.3.4 Precipitation Events 

Three design storms were used for determining peak runoff rates and volumes. Rainfall depth-duration 

frequencies were established from the NOAA Rainfall Atlas for the State of California (NOAA 2017). Infoworks 

offers various methods for assigning and modeling precipitation; for the purposes of this project, the 24-hour SCS 

Hypothetical Storm method was utilized to simulate design precipitation events. This method requires the 24-hour 

rainfall amount associated with a specific storm frequency as input, as well as determination of a rainfall 

distribution. The SCS has defined four distributions within the United States based on storm intensity. Northern 

California is considered to have a Type IA distribution (NRCS 1986). For this study, 24-hour rainfall depths were 

obtained from NOAA Atlas 14 for the 10-, 25-, and 100-year recurrence periods as noted below. The rainfall 

amounts were entered into Infoworks using the Type IA SCS Hypothetical Storm Distribution method. 

Table 4.2 Rainfall Depths for Modeled Design Storms 

Design Storm Event Frequency Rainfall Depth (inches) 

10-year, 24-hour Event 6.62 

25-year, 24-hour Event 7.96 

100-year, 24-hour Event 9.96 

4.4 Storm Drain Hydraulic Analysis 
As mentioned previously, there is no existing infrastructure in the South Planning Area and grading plans for the 

proposed developments were not available for this analysis. As such, the storm drain layout shown in Figure 4.1 is 

conceptual in nature and meant to be representative of future developments. In addition, it does not include curb 

inlets or connecting arterial drainage pipes, as the location of these would be dependent on street layout and 

grading. 

The design storm events were used to determine peak flows for each sub-basin. These peak flows are routed to 

manholes leading to the storm drain network. Pipe sizes were adjusted to accommodate the 10-year peak flows 

without surcharging and the 25-year peak flows without overtopping the manholes. See attachments for Long 

Profiles of each pipe segment and the corresponding 25-year storm event hydraulic grade lines (HGL). 

It is expected that the 100-year event will exceed the capacity of the storm drain pipes and be routed through 

curbs and gutters as overland flow.  

The following table summarizes the length of pipe required to meet these design criteria for each anticipated pipe 

diameter.  

Table 4.3 Pipe Diameters and Corresponding Total Lengths 

Pipe Diameter Total Length (LF) 

18 4,053 
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Pipe Diameter Total Length (LF) 

24 1,749 

30 2,465 

36 468 

There are seven distinct storm drain segments which each outlet to an existing open channel. The existing open 

channel should be protected from future erosion and scour with proper storm drain outlet devices.  

It should be noted that for each development project, the developer should be responsible for demonstrating 

proper sizing of the proposed storm drain network as well as adequate sizing for runoff mitigation measures to 

prevent increases in peak flows downstream. 

4.4.1 Stormwater Runoff Mitigation Measures 

The proposed development of the South Planning Area will result in increases to peak flows and storm volumes 

due to the conversion of porous, absorbent open space to hardscapes. Properly designed LID measures can 

mitigate these flow increases and limit downstream impacts. To conceptually size LID measures for the proposed 

development, anticipated future stormwater runoff flows were compared to the existing condition peak runoff. Bio-

retention basins and swales were sized to mitigate the peak flows and total runoff volumes while providing water 

quality treatment for the stormwater runoff. In addition, a Water Quality volume requiring retention and treatment 

has been estimated from the 85th Percentile Storm Event (first 1 inch of rainfall). Table 4.4 summarizes the 

preliminary sizing of mitigation devices needed to divert increased runoff from the proposed development areas 

alongside the volume requiring Water Quality treatment.  

In all cases the volume required to mitigate peak runoff is greater than the water quality volumes. If Bio-Retention 

basins are used for mitigation, they would both mitigate peak flows and address water quality. If other LID 

measures are used in addition, both the water quality and mitigation volume requirements will be reduced. For 

example, porous pavement, rain gardens, and vegetated swales could be implemented within the development to 

reduce post project runoff.  

Table 4.4 Device Sizes Required for Stormwater LID or Mitigation Measures at Assessment Locations 

Stormwater LID/Mitigation Device Sizing 

Outlet Location 100-Year Existing 
Peak Flow (cfs) 

100-Year Future 
Peak Flow (cfs) 

Required Bio-Retention 
Device Volume (acre-ft) 

Water Quality Treatment 
Volume (1 inch of rainfall) 
(acre-ft) 

101 34.3 76.7 4.6 2.9 

102 18.3 38.3 2.4 1.5 

103 11.4 26.6 1.8 1.0 

104 15.8 39.1 2.8 1.4 

105 9.4 22.3 1.4 0.8 

106 23.9 59.8 3.6 2.2 

107 24.3 57.0 3.7 2.1 
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Figure 4.1 Southwest Cloverdale Proposed Storm Drain System 
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4.5 Storm Drain Network Conceptual Cost Estimate 

GHD’s preliminary cost evaluation is based on November 2020 U.S. Dollars (Engineering News Record 

Construction Cost Index). The preliminary cost opinion presented in Table 4.5 below is inclusive of all project direct 

costs (trenching, backfill, and connections). However, these estimates assume new construction and not 

replacement/modification to existing systems. Note that additional LID devices will add to construction costs but 

may reduce the overall mitigation device volume requirements. Any easements or land acquisitions that may be 

needed for the proposed storm drainage system is not included in this cost opinion. 

Table 4.5 Preliminary Cost Opinion: Storm Drain Pipes 

Storm Drain Pipes 

Pipe Dia. (in) Quantity  Unit Pipe Value ($/LF) Total Pipe Cost  

18 4,053 LF 28 $113,481 

24 1,749 LF 31 $53,332 

30 2,465 LF 46 $112,153 

36 468 LF 64 $29,946 

      Subtotal   $ 308,912  

Manholes 

Manhole 
Diameter Size 
(in) 

Quantity  Unit Manhole Value ($) Total Manhole Cost  

36 37 EA 960 $35,520 

      Subtotal  $ 35,520  

Additional Infrastructure  

Item Quantity  Unit Infrastructure Item 
Value ($/LF) 

Total Infrastructure Cost  

Outlet 
Structures 

7 EA 1,410 $9,870 

Bio-Retention 
Basins/LID 

871,200 CF 16 $13,939,200 

      Subtotal   $ 13,949,070  

          

Total         $ 14,293,502  
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5. Wastewater System Analysis 

5.1 Wastewater System Background 

The City’s existing sanitary sewer collection system consists of more than 30 miles of gravity pipelines and a 

wastewater treatment facility (WWTF). The WWTF has an average dry weather capacity of 1.0 million gallons per 

day (MGD), a peak dry weather capacity of 2.20 MGD, and a peak wet weather capacity of 8.25 MGD. The 

calibrated model (based on winter 2020 flow monitoring) has an average dry weather flow of 0.73 MGD, a peak 

dry weather flow of 1.12 MGD, and a peak wet weather flow of 4.12 MGD for the 10-year, 24-hour design storm. 

The City’s Existing Sewer System map is attached to this TM as Attachment 3. 

The Southwest Cloverdale Planning Area would connect via lift station to either the South Trunk or Southwest 

Trunk sewer and includes residential sewer users from new developments and existing residences as well as new 

general industry users. The development area is generally located south of Sandholm Lane, west of State Route 

101 and extends south to the existing rural residential parcels along Theresa Drive.  

Under the City’s General Plan, the northwestern portion of the development area consists primarily of undeveloped 

land that is assigned with Low Density Residential and Conservation Features designations. However, a recent 

development application received by the City, designated as the Baumgardner Ranch Development project, 

proposed a higher density residential use for a portion of the area. The project, located between Sandholm Lane 

and Kelly Road, will consists of a total of 304 housing units and related infrastructure on approximately 20.2 acres 

while preserving approximately 8.3 acres of open space on the 28.5-acre project site. In total, 79 single-family 

residences, 59 row house units and 166 apartment units are proposed for this development.  

The northeastern portion of the development area consists primarily of undeveloped land that is designated for 

General Industry. The southern portion of the area consists of a mix of existing rural residential parcels, 

agricultural parcels, and undeveloped land that are currently not connected to the City’s wastewater collection 

system. This portion of the area is assigned with a Conservation Features designation. Conservation Features 

land use serves as recreational and agricultural assets outside of the City’s Urban Growth Boundary but is still 

within the Cloverdale Planning Area. Existing residential homes within the Conservation Features areas are 

expected to remain in place for the foreseeable future. With the expansion of the sewer collection system into the 

Southwest Cloverdale area, these parcels are expected to be connected to the City’s sewer collection system in 

lieu of their current sewage disposal. The proposed land uses within the Southwest Cloverdale Planning Area are 

summarized in Section 2 above. 

5.2 Planning and Evaluation Criteria 

The City has adopted Design and Construction Standards (Standards) which outline the minimum requirements for 

new sewer main construction. New sewer mains are required to be a minimum of 8 inches in diameter for public 

mains and 6 inches for private mains. Mains shall be sized to provide adequate capacity and a minimum of 2 ft/s 

velocity. The minimum slope for 8-inch sewer is 0.5% and the maximum slope for gravity sewers is 15%.  

Gravity sewer mains can be Polyvinyl Chloride (PVC) SDR 35 or Ductile Iron Pipe (DIP). Large diameter gravity 

mains may be Concrete Cylinder Pipe (CCP) or Reinforced Concrete Pipe (RCP) with City Engineer approval. If a 

gravity sewer main is installed outside of a paved roadway, DIP is required. Sewer force mains should conform 

with the material requirements for water mains. Minimum cover for all gravity sewers is 24 inches. Where cover is 

less than 36 inches, DIP must be used. 

From the 2009 Sewer Master Plan Update, the maximum pipe flow criteria state that trunk mains should flow at no 

more than 50% of capacity and the rest of the gravity collection system should flow at no more than 80% of 

capacity. 
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The planning and evaluation criteria are summarized below.  

Table 5.1 Planning and Evaluation Criteria 

Specification Criteria 

Maximum Pipe Flow 50% of capacity for trunk sewer 

80% of capacity for other gravity sewer 

Minimum Pipe Velocity 2 ft/s 

Minimum Pipe Slope 0.5% for 8 inches 

Maximum Pipe Slope 15% 

Minimum Pipeline Sizing 8 inches for public installations 

6 inches for private installations 

Pipeline Material PVC SDR 35 or Ductile Iron Pipe 

5.3 Sewer System Model Development 

A dynamic hydraulic model of the City’s sanitary sewer system was built to estimate flow inputs, route flows, and 

assess the sanitary sewer system capacity. This section discusses the modeling methodologies and software as 

well as the model network import, build, and validation processes. It also discusses the flow loading areas, 

including the delineation of sub-catchments (areas tributary to the modeled system) used to define flow inputs into 

the model. The last section covers verification and validation of the physical model components.  

5.3.1 Modeling Strategy 

An all-pipes hydraulic model was built as part of the 2009 Sewer Master Plan Update, but that model is not 

available for this analysis. For this analysis, a truncated model was created. The geometry for the truncated model 

was constructed in GIS based on data from the master plan appendix and a PDF map of the existing sewer 

system.  

Innovyze’s InfoWorks ICM (Integrated Catchment Modeling; v. 2021.4) was used as the modeling platform for 

hydraulic analyses on this project. InfoWorks ICM is a fully dynamic, hydraulic modeling package for the analysis 

of complex wastewater and drainage networks. Unlike static models, InfoWorks ICM realistically portrays the 

effects of surcharging, storage, and backwater of flows over time. InfoWorks ICM has a geo-centric interface with 

advanced tools for model construction, validation, calibration, and hydraulic analysis.  

The hydraulic model network was developed though the following steps to ensure that the model accurately 

portrays and predicts existing and future system capacities. These steps are further described in the remainder of 

this and subsequent chapters.  

• Initial GIS Creation: GIS data of the truncated portion of the existing sewer system was created in 

ESRI’s ArcGIS environment, and the sanitary sewer system assets were created based on geometric 

information (manhole rim elevations and pipe diameters and invert elevations) in the 2009 Sewer Master 

Plan Update appendix. 

• Import and Validation: The sanitary sewer system network was imported into InfoWorks ICM for more 

advanced physical model build and validation including determining directional connectivity (all pipes 

are connected and route flow in the correct direction) and data correctness using built-in inference and 

interpolation tools and queries. 

• Water Billing and Land Use Analysis: Water consumption, land use, and future development data 

were reviewed for use in estimating sewer loads. Unit flow factors and diurnal profiles were developed 

to estimate flows in the model. Details are provided in Section 6.1. 
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• Delineate Sub-catchments: The service area was divided and delineated into manageable and logical 

sub-catchments where flow inputs were applied to the physically modeled system. The sub-catchments 

range in size from 19 to 829 acres with an average size of 107 acres. 

• Dry Weather Calibration: Representative Dry Weather Flow (DWF) days were selected from the flow 

monitoring period and the metered flows were compared to the model results. The model was calibrated 

by refining 24-hour diurnal profiles to match monitored flow volumes and peaks at each flow meter. 

Details are provided in Section 5.4.1. 

• Wet Weather Calibration: Wet weather rainfall events were selected for use in Wet Weather Flow 

(WWF) calibration. The wet weather parameters governing the volume and peak flow responses of rain-

derived inflow and infiltration (RDI&I) were developed and calibrated by comparing model results to 

monitored meter and observed overflow data for these periods. Model simulations were performed 

covering selected events in an iterative process to further refine and calibrate all short- and long-term 

wet weather parameters. Details are provided in Section 5.4.2. 

• Capacity Analysis Parameters: The parameters used in the capacity analysis were defined and 

applied. The parameters included but were not limited to the design storm, design flow, inflow and 

infiltration (I&I), and hydraulic capacity criteria. Details are provided in Section 3. 

• Existing and Future Model Runs: The calibrated model was run for existing and future flow scenarios 

under design DWF and WWF conditions. The sewer reaches having capacity deficiencies were 

identified for project evaluation in the alternatives analysis.  

• Alternatives Analysis: As part of the project evaluation, alternative solutions for capacity management 

were developed and tested. Alternatives analyzed included I&I reductions (from WWF) and capacity 

enhancement projects, such as pipe upsizing/replacement. Details are provided in Sections 7, 9, and 

10. 

5.3.2 Modeled Sewers and Flow Loading Areas 

The modeled sanitary sewer system is made up of facility assets from the City’s sanitary sewer system. The core 

model assets are links and nodes, which represent pipes, manholes, pumps, weirs, orifices, gates, wet wells, 

several outfalls including the most downstream outfall at the WWTF. InfoWorks ICM uses sub-catchments to 

define the hydrologic contributing area tributary to each modeled manhole. The sewer basins (Figure 5.1) are 

based on the flow monitoring data coverage and were used as a starting point to delineate the sub-catchments.  
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Figure 5.1 Southwest Cloverdale Sewer Basins 
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Figure 5.2 Truncated Sewer Model Network 
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5.3.2.1 Modeled Sewers 

The truncated model network included 54 nodes and 53 links. This node total is comprised of manholes and an 

outfall. The link total includes only gravity mains. The truncated model network is shown in Figure 5.2.  

5.3.2.2 Sub-catchments 

For InfoWorks ICM, the service area sewer basins were divided into sub-catchments, a modeling term used for 

small drainage areas, each of which is used to load the DWF and WWF to manholes in the modeled system. Each 

sewer basin (shown in Figure 5.1) could theoretically contain hundreds, sometimes thousands of sub-catchments 

in an all-pipes model. For the purposes of this study, sub-catchments were delineated at logical loading locations 

for the truncated model. The model includes 11 sub-catchments for existing sewer service areas and 3 sub-

catchments for the Southwest Cloverdale Planning Area. Figure 5.3 shows all of the sub-catchments. 

5.4 System Flows and Model Calibration 

This section outlines the fundamental components and concepts of wastewater flow to provide a basis for the 

development of flow rates used to inform the model, discusses model calibration results used as a baseline for 

sanitary sewer system hydraulics evaluation, and presents sanitary sewer system flows for existing and future 

build-out conditions. Existing condition wastewater flow rates were based on flow monitoring efforts from the winter 

of 2021 (V&A, 2021) and 2020 City-wide water billing records. Future condition wastewater flow rates reflect 

population growth based on the general plan. 

5.4.1 Flow Monitoring and Rainfall 

As part of this effort, the City contracted with V&A Consulting Engineers, Inc. (V&A) to install flow meters 

measuring wet weather flows during the winter of 2021. V&A’s flow monitoring took place from late January 

through April of 2021 at five (5) sites throughout the City service area to inform model verification and calibration 

efforts. 

The following table lists all the flow and level sensor monitoring sites used for model calibration.  

Table 5.2 Flow and Sensor Monitoring Sites Used for Model Calibration 

Basin 
and 
Location 
# 

Mode
l MH 
ID 

Manhole Legacy Name 
(from master plan) 

Model Pipe ID Diamet
er (in) 

Location 

1 54 Outfall North +3 Upstream of 
54.1 

27 Between 101 and intersection of 
Clark Ave and Elm St 

2 49 Outfall South +1 48.1 18 Just south of WWTF in field east of 
Asti Rd 

3 24 Outfall South +4 23.1 18 Lile Ln just east of intersection with 
Asti Rd 

4 36 Southwest Trunk +11 Upstream of 
36.1 

12 Curtis St & Thousand Oaks Blvd 

5 37 Southwest Trunk +21 38.1 10 Field south of Lile Ln and east of S 
Cloverdale Blvd 

6* 51 WWTF 50.1 24 WWTF on Asti Rd 

* Extrapolated from flows observed at meters 1 and 2 to represent inflow to the WWTF. 

In addition, V&A utilized three rain gauges located at various points in the system which provided key rainfall data 

for calibration and design storm development in the model. Figure 5.1 shows the flow meters, basins, and rain 

gauge locations used in the dry weather and wet weather flow calibration. Table 5.2 shows the rainfall total and 

event classification at each gauge for the storm events used in model calibration.  



 

GHD | City of Cloverdale, California | 11203649 | South Cloverdale Specific Plan 36 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted 
by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

 

Figure 5.3 Model Subcatchments 
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Figure 5.4 Flow Meters, Rain Gauges, and Basins 

 

Table 5.3 Rainfall Calibration Totals 

Event RG North RG West RG East 

Event 1: Feb 11-24, 2021    

 Calibration Event Rainfall in inches 1.21 1.29 1.16 

 Calibration Event Largest Storm Classification < 1-Yr < 1-Yr < 1-Yr 

Event 2: Mar 5-29, 2018    

 Calibration Event Rainfall in inches 2.77 3.24 2.74 
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Event RG North RG West RG East 

 Calibration Event Largest Storm Classification < 1-Yr < 1-Yr < 1-Yr 

5.4.2 Wastewater Flow Concepts 

Wastewater flows generally include three major components: base wastewater flow (BWF), groundwater infiltration 

(GWI), and rain-derived inflow and infiltration (RDI&I). BWF is comprised of sanitary and process flow outputs from 

residential, commercial, institutional, and industrial users of the system. GWI is typically seasonal in nature 

(fluctuates with rise and fall of groundwater table) and is largely composed of groundwater that infiltrates into the 

system through defects in manholes and pipes. The inflow portion of RDI&I is flow entering the system directly 

from rainfall and typically enters through holes or cracks in manhole covers or illegal or illicit roof or area drain 

connections. The infiltration portion of RDI&I is more indirect and is flow that enters the system much more slowly 

through cracks in manholes, sewers, and laterals. RDI&I typically results in spikes in peak flow that recede quickly 

after rainfall subsides. Figure 5.2 shows these basic concepts through a typical sewer response hydrograph. 

 

Figure 5.5 Components of Sanitary Sewer Flow2 

 

5.4.3 Existing Condition Flow Estimates 

As mentioned in Section 4.1, the service area was divided into sub-catchments defining tributary areas for dry and 

WWF, which are represented by a manhole in the modeled system. Estimated BWF, GWI, and RDI&I flows were 

assigned to each sub-catchment and used as model inputs. Actual flow monitoring data collected throughout the 

system were compared to model flows to refine the magnitude and timing of model flows. The following sub-

sections summarize the development and assumptions for each flow component.  

 
2 “Rainfall Dependent Inflow and Infiltration from the EPA SWMM 5 Hydrology Manual” (4 September 2016), Figure 7-1, 
https://swmm5.org/2016/09/04/rainfall-dependent-inflow-and-infiltration-from-the-epa-swmm-5-hydrology-manual/ 
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5.4.3.1 Diurnal Patterns 

BWF vary by time of day and type of wastewater generator (i.e., residential vs. school) and are defined for each 

land use type in the model. These patterns are called diurnal curves, and unique sets were developed for weekday 

and weekend flows expected from each land use type. For this analysis, inflow patterns from the flow monitoring 

were used to load BWF flows into the truncated model. The diurnal curves were used for estimating additional 

future flows from the Southwest Cloverdale planning area. 

Table 5.4 shows these groupings and the associated model diurnal curve for the planning area.  

Table 5.4  Diurnal Curve Categories 

Land Use Model Curve ID 

Single-family Residential 1 

Multi-family Residential 2 

Industrial 20 

5.4.3.2 Existing Base Wastewater Flows 

Because this was a truncated model, the BWF was based entirely on data from flow monitoring. For each flow 

monitoring location, a time series of BWF was estimated for weekdays and weekends. Two of the basins were 

divided into multiple sub-catchments. The BWF for each sub-catchment was assumed to follow the same time 

series shape. 

Although collection system monitoring data would be an ideal estimate of BWF, this data is not collected for each 

service connection in the Cloverdale system. Flow quantities were instead distributed proportionally based on 

potable water billing records within each sub-catchment. Data used for this calculation included the months of 

December, January, and February. Winter potable water use is considered a reasonable estimation of wastewater 

flow because outdoor water use during the winter is generally minimal, so the wastewater return rate is likely 

highest and most consistent (relative to the consumption rate) relative to other times of year.  

For future flows from the Southwest Cloverdale planning area, a return to sewer rate of 95% was assumed for all 

indoor (winter) water use.  

5.4.3.3 Inflow and Infiltration from Groundwater and Rainfall 

Groundwater infiltration (GWI) is typically added to the hydraulic model as a constant flow added to the BWF. For 

this truncated model, dry season (yearly) and wet season contributions were estimated and added to the model at 

the sub-catchment level based on analysis of the in-situ flow meter data. 

Dry season estimates were based on the driest periods during the wet season in-situ monitoring sessions 

(October-April), so may be slightly more elevated than a true dry season estimation (May-October).  

Wet- and dry-season GWI was calculated for each in-situ flow meter tributary basin. Flow meter basins are 

presented in Section 5.1 and refer to the sewers and drainage area tributary to a flow meter. Without further 

knowledge of specific sources of GWI within a flow meter basin, total GWI is typically distributed equally 

throughout a flow meter tributary basin at the sub-catchment level by area-weighted allocation. The GWI was 

assigned to sub-catchments in this manner.  

Rainfall-derived inflow and infiltration (RDI&I) sewer flows are influenced by the magnitude, shape, and timing of 

the RDI&I response. The magnitude of the RDI&I response is often described by the percentage of rain volume 

entering the system (“R” value). The RDI&I hydrograph shape is defined by separating the total RDI&I hydrograph 

volume into components, mimicking the different responses to rainfall (fast, medium, and slow) associated with the 

industry standard RTK method of synthesizing runoff for RDI&I modeling. 



 

GHD | City of Cloverdale, California | 11203649 | South Cloverdale Specific Plan 40 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted 
by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

5.4.4 Existing Model Calibration 

This study’s hydraulic model used the RTK method for runoff volume and routing generation within the InfoWorks 

ICM software, which is used to estimate the proportion of rainfall falling on the sub-catchment that enters the 

system as RDI&I and the time at which it enters the system. Each set of RTK parameters defines a triangular 

response curve over time, where:  

• R is the area under the graph representing the proportion of rainfall falling on the sub-catchment that 

enters the sewer system  

• T is the time from the onset of rainfall to the peak of the triangle  

• K is the ratio of 'time to recession' to the ' time to peak' of the hydrograph  

 

Figure 5.6 Basic RTK Hydrograph4 

 

 

Figure 5.7 RTK Hydrograph with Short, 
Medium, and Long-term rainfall 
responses5 

 

Three sets of RTK parameters can be defined, representing short-term, medium-term, and long-term rainfall 

response. The three triangular curves are combined to define the Unit Hydrograph.  

For each simulation, the RTK hydrograph is applied to the rainfall profile associated with the sub-catchment and 

multiplied by the sub-catchment’s tributary area to give the resulting RDI&I load at the sub-catchment's outlet node 

(manhole). 

Dry and wet weather model flows were calibrated by comparing model results to flow monitoring data for the flow 

monitoring periods. The calibration process and results are described below.  

5.4.4.1 Calibration for Dry Weather Flow 

Dry weather flow calibration involves generating average flow rates and 24-hour diurnal profiles in the model to 

provide an acceptable match of modeled flows to monitored flows for a typical dry period. Six basin meters were 

used to collect measurements and test the modeled dry weather flows.  

Figure 5.8 shows a representative example of the modeled vs. calculated meter hydrograph at the WWTF inflow 

for the four-day calibration period, with observations in blue and the model’s values in orange. The dry weather 

calibration produced very close alignment between the observed and modeled flows, requiring only minor 

adjustments for basins with multiple sub-catchments.  

 
4 Infoworks ICM Help Documentation (2021): http://help2.innovyze.com/infoworksicm/Content/HTML/ICM_ILCM/RTK_Method.htm  
5 Infoworks ICM Help Documentation (2021): http://help2.innovyze.com/infoworksicm/Content/HTML/ICM_ILCM/RTK_Method.htm 
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Figure 5.8 Example DWF Calibration Graph 

5.4.4.2 Wet Weather Flow Calibration 

Wet weather flow calibration is a more complex process than the DWF calibration, requiring input parameter 

adjustments at the sub-catchment level to match modeled flows with in-situ meter observations. Model calibration 

included distributing GWI and RDI&I throughout the modeled area by adjusting I&I parameters to reach the best 

possible match between observed and modeled flows at a majority of the meters. Table 5.7 compares the 

observed flows and modeled flows for all meters, showing each meter’s hydraulic sewer basin, specific calibration 

period, calibration period’s average wet weather flows (AWWF) and peak wet weather flows (PWWF).  

Table 5.5 Wet Weather Flow Calibration Comparison 

Basin Calibration 
Period 

Modeled 
AWWF 
(MGD) 

Observed 
AWWF 
(MGD) 

AWWF % 
Difference 

Modeled 
PWWF 
(MGD) 

Observed 
PWWF 
(MGD) 

PWWF % 
Difference 

1 Feb 11 – 24, 2021 0.689 0.580 18.8 1.063 0.897 18.5 

 Mar 5 – 29, 2018 0.728 0.647 12.5 1.196 0.980 22.0 

2 Feb 11 – 24, 2021 0.200 0.164 22.0 0.398 0.317 25.6 

 Mar 5 – 29, 2018 0.211 0.182 15.9 0.446 0.340 31.2 

3 Feb 11 – 24, 2021 0.046 0.037 22.1 0.105 0.154 -27.1 

 Mar 5 – 29, 2018 0.048 0.042 14.3 1.240 1.079 14.9 

4 Feb 11 – 24, 2021 0.023 0.019 21.1 0.065 0.079 -15.4 

 Mar 5 – 29, 2018 0.024 0.024 0 0.070 0.087 -19.5 

5 Feb 11 – 24, 2021 0.103 0.101 2.0 0.241 0.277 -13.0 

 Mar 5 – 29, 2018 0.133 0.141 -5.7 0.289 0.275 5.1 

WWTF Feb 11 – 24, 2021 0.889 0.744 19.5 1.448 1.153 25.6 

 Mar 5 – 29, 2018 0.939 0.829 13.3 1.609 1.257 28.0 

Wet weather calibration is based on the storm events that occurred during in-situ flow monitoring. The storm 

events were very small, such that some normal variations in recorded flows occurring outside of rain events were 

larger than the influence of the rain. While calibrations are typically based on time periods of one to four days, in 
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this case, due to the lack of better data, this model was calibrated over much longer periods of time for the two 

observed rain events. While this led to larger variations in the PWWF differences compared to matching a shorter 

event period, over a long period the model increases in accuracy. 

5.4.5 Future Condition Flow Estimates 

The future conditions model assumes full development within the existing Cloverdale service area consistent with 

the 2009 Sewer System Master Plan Update, which projects the future population of the City to be 12,000 people. 

The current estimate for Cloverdale from the Census Bureau is a 2019 population of 8,656 people. Therefore, the 

future model used in this study assumes that all flows increase by 39% (12,000/8,656 = 139%). This applies to 

both the DWF and RDI&I. This approach is consistent with the master plan in that it is population based, but the 

current model is more accurate as it is informed by in-situ flow monitoring to establish DWF and RDI&I. The 

current model’s projected flow increase is less than described in the master plan, where an increase of 65% was 

estimated for approximately the same population growth (2008 population = 8,577 in the 2009 master plan). It 

should be noted that the 2009 master plan estimated flows based on projected population from existing 

development as well as planned development and vacant parcels. For this analysis, updated information regarding 

planned development and vacant parcels was not available, so projected flows are based on population estimates 

alone.  

The future development of the Southwest Cloverdale Planning Area is not included in future conditions examined 

in the 2009 master plan, and as such would produce additional flows on top of the projected increase. Estimated 

flows in the Planning Area were projected based on unit flows developed from water billing records elsewhere in 

the City and existing land use (see section 5.5.1). To represent the South Cloverdale Planning Areas, new sub-

catchments were added to the model, BWF was estimated, and a diurnal Curve ID number was assigned.  

5.4.5.1 Unit Flows for South Cloverdale Planning Area 

Water meter records for the entire City from the period of 2017 to 2020 were reviewed to determine average and 

seasonal consumption trends. The data was used to estimate the sewer contribution for each type of land use that 

will be present in the Southwest Cloverdale development area. The data from 2020 was evaluated against the 

previous years for any discrepancies due to the COVID-19 pandemic starting in March 2020. Overall, 

approximately 30 sets of water meter records were noted with significant changes in 2020 compared to past years. 

However, these represented less than 1% of the total number of records and the discrepancies were insignificant 

in the overall determination of water demands. 

The water meter records were partitioned into two groups to develop an indoor use demand factor and an irrigation 

use demand factor for each service type. Indoor use demand factors were developed using water meter data from 

winter months (December, January and February), during which minimal irrigation is anticipated. The indoor use 

demand factor is assumed to be equal to the winter sewer contribution. 

The BWF represents the average domestic or commercial sewer contribution for the entire year. BWFs were 

generated for each parcel of the Southwest Cloverdale Planning Area based on the General Plan land use. The 

demand assigned to each parcel consists of the sum of the sewer contribution factors. The contribution factors 

used for this analysis are presented in the table below. These factors are used to estimate future sewer 

contributions in the Planning Area. 
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Table 5.6 Sewer Contribution Factors, by Land Use 

General 
Plan Land 
Use 

Subcategory 
based on 
Existing 
Land Use or 
Development 
Plan 

Unit Sewer Flow 

Conservation 
Features 

Open Space 0 gpd/acre 

Single Family 150 gpd/du 

General 
Industry 

- 15 gpd/1,000 sf 

High Density 
Residential 

Apartments 115 gpd/du 

Row Houses 115 gpd/du 

Single Family 150 gpd/du 

Low Density 
Residential 

- 150 gpd/du 

 

5.5 Hydraulic Capacity Analysis 

To achieve a desired level of service for sanitary sewer system performance, the hydraulic capacity of the City’s 

sanitary sewer system as a whole must be large enough to convey peak WWF for a design storm (i.e. 10-year, 24-

hour or more frequent event). The calibrated hydraulic model predicts that peak wet weather flows provide the 

most significant influence on pipe capacity requirements. This section presents results of the capacity analysis 

performed for both DWF and WWF under existing and future conditions.  

The hydraulic model calibration developed DWF and WWF parameters which approximate existing conditions. 

These parameters were reviewed to determine their applicability for both identifying capacity deficiencies under 

existing and future conditions and for sizing future sewers. The parameters related to rainfall and boundary 

conditions remain consistent throughout the existing and future planning scenarios. Parameters (and related 

assumptions) related to future development which differ between existing and future scenarios are presented 

separately.  

5.5.1 Design Basis Criteria Common to All Scenarios 

The following criteria are used to establish all existing and future capacity analysis conditions. 

Flows from future development were integrated into the calibrated existing base wastewater flows discussed in 

Section 5. It is assumed that there will be no significant increases (i.e. from higher water use) or decreases (i.e. 

from water conservation) in existing usage rates in the future. This provision does not apply to the existing 

conditions scenario but applies to the future scenarios equally. 

A 10-year, 24-hour design storm rainfall event was used in all model simulations evaluating capacity for the City. 

Rainfall totals synthesized for the design storm return rates at each rain gauge are shown in the following table.  

Table 5.7 Projected Rainfall Totals Incorporated into Design 

Rain Gauge Projected Rainfall during a 10 yr, 
24 hr Design Storm (in) 

RG North 6.79 

RG West 6.99 

RG East 6.72 
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The downstream boundary condition is the WWTF, which is modeled as a free outfall (i.e., no backwater 

condition). 

5.5.2 Existing Condition Scenario (2020) Hydraulic Results 

Based on the evaluation criteria, there are no deficient pipes during the peak DWF conditions.  

5.5.2.1 2020 Wet Weather Flow Results 

Figure 5.9 presents the model results for the existing peak WWF condition (10-year, 24-hour design storm 

condition). The figure shows pipes found to be deficient based on the Pipe Maximum Flow Criteria detailed in 

Section 3. 

 

Figure 5.9 Existing Peak Wet Weather Flow Model Results 

5.5.2.2 Proposed Pipe Sizes to Address Existing Conditions 

This scenario rectifies the 2020 PWWF capacity deficiencies by upsizing pipelines to meet the capacity criteria. I&I 

reduction was also investigated as an option (see Section 7). Figure 5.10 shows the proposed sewer main sizes 

required to address the capacity deficiencies (existing pipe sizes are shown in black text, upsized existing pipe 



 

GHD | City of Cloverdale, California | 11203649 | South Cloverdale Specific Plan 45 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted 
by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

sizes are shown in yellow text). The associated cost estimate is further described in Section 8, with a total of 

$7,250,000. 

 

Figure 5.10 Existing Peak Wet Weather Flow Model Results + Proposed Sizes to Address 

 

5.5.3 Future Condition Scenario Hydraulic Results 

These scenarios add future flows to the mitigated existing system. 

5.5.3.1 Future Dry Weather Flow Results 

Based on the evaluation criteria, there are no deficient pipes during the peak DWF conditions.  

5.5.3.2 Future Wet Weather Flow Results 

Future scenarios include upsizing to rectify the existing scenario. The figure below presents the model results for 

the future peak WWF condition (10-year, 24-hour design storm condition). The figure shows pipes which were 

deficient based on the Pipe Maximum Flow Criteria detailed in Section 5.4. 

aoerding
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Figure 5.11 Future Peak Wet Weather Flow Model Results 

5.5.3.3  Proposed Pipe Sizes to Address Future Condition 

This scenario addresses future PWWF capacity deficiencies by upsizing pipelines to meet the City’s operational 

capacity criteria. I&I reduction was also investigated as an option (see Section 5.6). The following figure shows the 

proposed sewer main sizes required to fix capacity deficiencies (existing pipe sizes are shown in black text, 

upsized existing pipe sizes are shown in yellow text, upsized future pipe sizes are shown in red). Note that there is 

overlap between the existing and future required modifications as some pipelines are upsized to address an 

existing deficiency and then upsized again for a future deficiency. The future costs are the difference between a 

project remedying all existing and future capacity deficiencies and a project remedying only the existing 

deficiencies. The associated future cost estimate is further described below, with a total of $5,740,000. 
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Figure 5.12 Future Peak Wet Weather Flow Model Results + Proposed Sizes to Address 

 

5.5.4 Future Condition + South Cloverdale Scenario Hydraulic 
Results 

These scenarios show the potential impact of the South Cloverdale development on the upsized future system. 

South Cloverdale could connect to either the South Trunk or Southwest Trunk, both connection points are located 

within 250-ft of each other and are shown in the following figures.  
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5.5.4.1 Future Dry Weather + South Cloverdale at Connection Points 1 and 2 Flow 
Results 

Based on the evaluation criteria, there are no deficient pipes during the peak DWF conditions.  

5.5.4.2 Future Wet Weather + South Cloverdale at Connection Points 1 and 2 Flow 
Results 

Figure 6.5 presents the model results at Connection Point 1 for the fixed future peak WWF condition (10-year, 24-

hour design storm condition) in addition to projected flows from the South Cloverdale Planning Area. The figure 

shows pipes which were deficient based on the Pipe Maximum Flow Criteria detailed in Section 5.4. 

 

Figure 6.5 Mitigated Future + South Cloverdale at Connection Point 1 Peak Wet Weather Flow 
Model Results 
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The following figure presents the model results at Connection Point 2 for the mitigated future peak WWF condition 

(10-year, 24-hour design storm condition) in addition to projected flows from the South Cloverdale Planning Area. 

The figure shows pipes that were deficient based on the Pipe Maximum Flow Criteria detailed in Section 5.4. 

 

  

Figure 5.13 Mitigated Future + South Cloverdale at Connection Point 2 Peak Wet Weather Flow 
Model Results 
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5.5.5 Mitigated Future Condition + South Cloverdale 

This scenario mitigates estimated future PWWF + South Cloverdale capacity deficiencies by upsizing pipelines to 

meet the capacity criteria. I&I reduction was also investigated as an option (see Section 5.6). The following figures 

show the proposed sewer main sizes required to fix capacity deficiencies (existing pipe sizes are shown in black 

text, upsized existing pipe sizes are shown in yellow text, upsized future pipe sizes are shown in red, upsized 

future + South Cloverdale pipe sizes are shown in green). Note that there is overlap between this scenario and the 

existing and future fixes as some pipelines which are initially upsized for existing or future deficiencies are upsized 

again to accommodate additional flows from the South Cloverdale Planning Area. The South Cloverdale costs are 

the difference between a project to fix all the existing, future and South Cloverdale capacity deficiencies and a 

project to fix the existing and future deficiencies only. The associated costs for the South Cloverdale-specific 

portion are further described in Section 8, with a projected cost of $3,000,000 for Connection Point 1 and 

$1,060,000 for Connection Point 2. 

 

Figure 5.14 Future Peak Wet Weather Flow + South Cloverdale at Connection Point 1 Model 
Results + Proposed Sizes to Mitigate 
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Figure 5.15 Future Peak Wet Weather Flow + South Cloverdale at Connection Point 2 Model 
Results + Proposed Sizes to Mitigate 
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5.6 Inflow & Infiltration Reduction  

A primary objective of this study is to identify capacity and rehabilitation improvements needed to meet the City 

wastewater system’s required service levels. The purpose of an I&I reduction analysis is to determine whether 

major capacity upgrade projects could be avoided with an I&I reduction program that is more cost-effective than 

replacing portions of the system with larger pipe diameters (capacity projects). Section 7.1 provides an overview of 

the City’s existing and future peak wet weather flows. Section 7.2 analyzes the quantity of I&I reduction needed to 

avoid existing and future capacity projects. Section 7.3 provides example costs for an I&I Reduction Program and 

a general analysis of the viability of I&I reduction. 

5.6.1  Existing and Future Peak Wet Weather Flows 

The following tables indicate the modeled peak wet weather flows for all scenarios. 

Table 5.8 Modeled Peak Wet Weather Flows – Existing Peak Wet Weather Flow 

Basin GWI (MGD) BWF (MGD)   RDI&I (MGD) Total (MGD) 

1 0.12 0.82 2.06 2.88 

2 0.03 0.01 0.04 0.08 

3 0 0.10 0.27 0.37 

4 0 0.06 0.17 0.23 

5 0.01 0.20 0.68 0.89 

Total 0.16 1.19 3.22 4.45 

Table 5.9 Modeled Peak Wet Weather Flows – Future Peak Wet Weather Flow 

Basin GWI (MGD) BWF (MGD)   RDI&I (MGD) Total (MGD) 

1 0.12 1.14 2.86 4.12 

2 0.03 0.01 0.06 0.10 

3 0 0.14 0.38 0.51 

4 0 0.08 0.24 0.32 

5 0.01 0.28 0.95 1.23 

Total 0.16 1.65 4.48 6.29 

Table 5.10 Modeled Peak Wet Weather Flows – Future + South Cloverdale Peak Wet Weather Flow 

Basin GWI (MGD) BWF (MGD)   RDI&I (MGD) Total (MGD) 

1 0.12 1.14 2.86 4.12 

2 0.03 0.01 0.06 0.10 

3 0 0.14 0.38 0.51 

4 0 0.08 0.24 0.32 

5 0.01 0.28 0.95 1.23 

South Cloverdale 0 0.18 0.25 0. 

Total 0.16 1.83 4.73 6.72 
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5.6.2 I&I Reduction Analysis 

The model was used to analyze the quantity of peak I&I reduction needed to avoid any required capacity 

improvement projects for both existing and future conditions. Both existing and future condition scenarios use the 

existing physical network with future load and RDI&I contributions. The figures below show the peak I&I volume 

requiring mitigation to avoid capacity projects in the existing physical system under both the existing and future 

development conditions. Each location shows the total I&I to be removed and is independent of upstream 

mitigation. For example, the 0.4 MGD requiring mitigation downstream of where the South and Southwest 

branches merge does not consider potential mitigation of 0.36 MGD from the Southwest branch upstream of the 

intersection point. If 0.36 MGD is removed from the Southwestern branch, the stretch after the merge would 

require additional mitigation of only 0.08 MGD.  

 

 

Figure 5.16 Existing Condition – I&I Reduction to Avoid Capacity Improvement Projects 
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Figure 5.17 Future Condition – I&I Reduction to Avoid Capacity Improvement Projects 

The above figure does not include future contributions from South Cloverdale. 

 

5.6.3 I&I Reduction Conclusions 

5.6.3.1 Existing Conditions 

In order to avoid capacity improvement projects under existing conditions, the City would need to mitigate a total of 

0.69 MGD of peak I&I (22% of the total peak I&I), of which 0.44 MGD is required within the South trunk (38% of its 

peak I&I) and 0.09 MGD is required in the North trunk (5% of its peak I&I). The total I&I reduction needed for the 

South and North trunks (0.69 MGD) is less than that required for the inlet gravity trunk to the WWTF (0.85 MGD), 

so additional I&I mitigation of 0.16 MGD is required from the upstream mains.  

5.6.3.2 Future Conditions 

Under modeled future conditions, the WWTF inlet trunk main will require 2.31 MGD (55%) of additional capacity, 

while South and North trunk mains will require 1.00 MGD (64%) and 1.15 MGD (43%) of additional capacity, 

respectively. As under existing conditions, the WWTF inlet trunk main requires 0.16 MGD additional capacity 
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beyond that required in the North and South trunk mains combined. I&I reduction required to avoid capacity 

improvements would be a significant portion of existing peak flows.  

5.6.3.3 South Cloverdale Impacts 

The development of South Cloverdale would require 0.44 MGD of additional capacity within the South trunk. If this 

flow were to be mitigated through I&I reduction, the South trunk would require a total volume of 1.44 MGD during 

peak flow.  

5.6.3.4 I&I Reduction Feasibility 

The maximum I&I reduction in sewers typically available through mitigation measures is approximately 40%, as 

additional mitigation quickly becomes cost-prohibitive. Under modeled future conditions, none of the three trunk 

mains meet this cutoff. While it may be possible to reduce I&I within the North trunk (43%) to an acceptable level 

without requiring capacity expansion, this is unlikely for the South (64%) and WWTF inlet (55%). Capacity 

improvements would be required within the South trunk and WWTF inlet regardless of I&I reduction measures. 

Accurate cost estimates for I&I reduction projects require additional upstream flow monitoring, nighttime I&I 

reconnaissance, CCTV, smoke testing, and age, material, and length data beyond what was available for this 

study. Viable I&I projects for other cities and sewer agencies typically cost between $3 and $7 million per 1 MGD 

of peak I&I flow mitigated. A project is considered viable if associated I&I project costs compare favorably with 

costs of expanding capacity to meet the same peak flow. Additional considerations, such as downstream flows, 

treatment plant capacity, and treatment costs, are also included in these cost comparisons. In many growing cities, 

preventing I&I flows from reaching the treatment plant is valuable in the long term, as flows from new development 

may additionally impact treatment capacity at the WWTF. I&I reduction projects, Projects costing as much as $10 

to $15 million per 1 MGD of peak I&I mitigation are typically considered non-viable, as treatment plant and 

capacity upgrade projects are often less expensive.  

Under future conditions, both trunk mains crossing Highway 101 require additional capacity. These trunk mains 

would be very expensive to replace (due to Caltrans coordination and construction requirements), but they may be 

good candidates for I&I reduction as their capacity deficiencies are less than 40% of peak flow. Particularly in the 

case of the South crossing, it may make sense to investigate I&I rehabilitation projects in lieu of upsizing the 

mains. 

With the exception of the highway crossings, I&I reduction in the form of pipe rehabilitation is a less appropriate 

option than sewer pipe upsizing for addressing capacity deficiencies. Model results show that I&I reduction 

measures may be sufficient for mitigating existing or near-term issues, but capacity expansion required to 

accommodate long-term growth and development of the South Cloverdale area would be best addressed through 

pipe upsizing.   

5.7 South Cloverdale Sewer System Construction Plan 

The City’s General Plan identified the Southwest Cloverdale development area as a location for expansion. This 

development area extends south to the Rains Creek Water District at Theresa Drive along Dutcher Creek Road. In 

order to provide sewer service to this development area, a new collection system will flow to a new pump station 

connected to the South or Southwest trunk sewers. 

5.7.1 Sewer System Network – Sewer Pump System and Force Main 

A sewer collection network for the South Cloverdale area is not laid out or analyzed as part of this study.  

Approximate locations for the proposed sewer pump station and force main are shown below. The pump station 

location is preliminary and can be relocated within the nearby area according to the development’s needs. Pump 
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station relocation would impact the length of the force main but should not significantly impact layout and sizing of 

the pump station itself.  

 

Figure 5.18 Proposed South Cloverdale Sewer Pump Station and Force Main 

The analysis presented in this study suggests that the South Cloverdale sewer pump station will require a peak 

pumping capacity of 0.44 MGD. An appropriately sized force main would be 6-in diameter, with a length of 

approximately 1,030 ft to Connection Point 1 and 800 ft to Connection Point 2. The associated costs are further 

described in Section 9, with a total of $3,430,000 for Connection Point 1 and $3,280,000 for Connection Point 2. 

5.8 Cost Estimates 

The preliminary opinion of probable construction cost described below is based on a Class 4 estimate as defined 

by the Association for the Advancement of Cost Engineering (AACE), with the level of accuracy from -30% to 

+50% of the actual cost of construction. The Class 4 estimate conforms to AACE International Recommended 

Practice No. 18R-97 “Cost Estimating Classification System – As Applied in Engineering, Procurement, and 

Construction for the Process Industries.” 
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The preliminary cost opinions presented below are inclusive of project direct costs (trenching, backfill, pavement 

restoration, connections, and traffic control) and indirect costs (contractor mobilization, demobilization, and 

construction management).  

 

Figure 5.19 Address Existing Peak Wet Weather Flow - Preliminary Cost Opinion 

Date:

CIP: Fix Existing Peak Wet Weather Flow Nov-21 11/17/2021

Capacity Upsize

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $217,000 $217,000

Temporary Traffic Control (5%) 1           LS $181,000 $181,000

Potholing 1           LS $217,000 $217,000

Shoring and Trench Safety 1           LS $45,000 $45,000

Dewatering 1           LS $134,000 $134,000

Temporary Bypass Pumping 1           LS $112,000 $112,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $23,000 $23,000

12" Pipe (invert 10' or less) 12 494       LF $470 $232,180

15" Pipe (invert 10' or less) 15 736       LF $500 $368,000

24" Pipe (invert 10' or less) 24 423       LF $640 $270,720

24" Pipe (invert over 10' to 18') 24 150       LF $700 $105,000

24" Pipe (invert 18' or more) 24 52         LF $750 $39,000

30" Pipe (invert 10' or less) 30 294       LF $700 $205,800

30" Pipe (invert over 10' to 18') 30 79         LF $750 $59,250

48" Manholes for 10" - 15" Pipes (invert 10' or less) 6           EA $25,000 $150,000

60" Manholes for 18" - 36" Pipes (invert 10' or less) 5           EA $39,000 $195,000

60" Manholes for 18" - 36" Pipes (invert over 10' to 18') 1           EA $51,000 $51,000

60" Manholes for 18" - 36" Pipes (invert 18' or more) 1           EA $62,000 $62,000

101 Crossing with Casing for 27" 363       LF $3,600 $1,306,800

Misc. Utility Relocations and Service Replacements 1           LS $250,000 $250,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $4,224,000
$1.00

Construction Subtotal (Rounded) 1 $4,230,000
$1.00

Contingency (25%) (Rounded) $1.00 $1,058,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $5,290,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $1,322,500

Inspection/CM/ESDC (12% of Construction) $634,800

Easement/Land Acquisition (1) 0

Project Total (Rounded) $7,250,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

ENR Construction Cost Index:

14,421.03      
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Figure 5.20 Address Future Peak Wet Weather Flow - Preliminary Cost Opinion 

Date:

CIP: Fix Future Peak Wet Weather Flow Nov-21 11/17/2021

Capacity Upsize

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $389,000 $389,000

Temporary Traffic Control (5%) 1           LS $324,000 $324,000

Potholing 1           LS $389,000 $389,000

Shoring and Trench Safety 1           LS $80,000 $80,000

Dewatering 1           LS $238,000 $238,000

Temporary Bypass Pumping 1           LS $199,000 $199,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $40,000 $40,000

12" Pipe (invert 10' or less) 12 482       LF $470 $226,540

12" Pipe (invert over 10' to 18') 12 17         LF $500 $8,500

15" Pipe (invert 10' or less) 15 1,630    LF $500 $815,000

15" Pipe (invert over 10' to 18') 15 28         LF $530 $14,840

18" Pipe (invert 10' or less) 18 448       LF $560 $250,880

24" Pipe (invert 10' or less) 24 423       LF $640 $270,720

24" Pipe (invert over 10' to 18') 24 150       LF $700 $105,000

24" Pipe (invert 18' or more) 24 52         LF $750 $39,000

30" Pipe (invert 10' or less) 30 200       LF $700 $140,000

30" Pipe (invert over 10' to 18') 30 363       LF $750 $272,250

33" Pipe (invert 10' or less) 33 94         LF $810 $76,140

33" Pipe (invert over 10' to 18') 33 79         LF $870 $68,730

48" Manholes for 10" - 15" Pipes (invert 10' or less) 10         EA $25,000 $250,000

48" Manholes for 10" - 15" Pipes (invert over 10' to 18') 1           EA $27,000 $27,000

60" Manholes for 18" - 36" Pipes (invert 10' or less) 9           EA $39,000 $351,000

60" Manholes for 18" - 36" Pipes (invert over 10' to 18') 2           EA $51,000 $102,000

60" Manholes for 18" - 36" Pipes (invert 18' or more) 1           EA $62,000 $62,000

101 Crossing with Casing for 18" pipe 293       LF $3,500 $1,025,500

101 Crossing with Casing for 30" pipe 363       LF $3,600 $1,306,800

Misc. Utility Relocations and Service Replacements 1           LS $500,000 $500,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $7,571,000
$1.00

Construction Subtotal (Rounded) 1 $7,580,000
$1.00

Contingency (25%) (Rounded) $1.00 $1,895,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $9,480,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $2,370,000

Inspection/CM/ESDC (12% of Construction) $1,137,600

Easement/Land Acquisition (1) 0

Project Total (Rounded) $12,990,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

ENR Construction Cost Index:

14,421.03      
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Figure 5.21 Address Future + South Cloverdale at Connection Point 1 Peak Wet Weather Flow - 
Preliminary Cost Opinion 

Date:

Nov-21 11/17/2021

Capacity Upsize

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $479,000 $479,000

Temporary Traffic Control (5%) 1           LS $399,000 $399,000

Potholing 1           LS $479,000 $479,000

Shoring and Trench Safety 1           LS $117,000 $117,000

Dewatering 1           LS $350,000 $350,000

Temporary Bypass Pumping 1           LS $292,000 $292,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $59,000 $59,000

12" Pipe (invert 10' or less) 12 1,128    LF $470 $530,160

12" Pipe (invert over 10' to 18') 12 17         LF $500 $8,500

15" Pipe (invert 10' or less) 15 1,338    LF $500 $669,000

15" Pipe (invert over 10' to 18') 15 28         LF $530 $14,840

18" Pipe (invert 10' or less) 18 1,226    LF $560 $686,560

21" Pipe (invert 10' or less) 21 729       LF $590 $430,110

27" Pipe (invert 10' or less) 27 423       LF $650 $274,950

27" Pipe (invert over 10' to 18') 27 150       LF $710 $106,500

27" Pipe (invert 18' or more) 27 52         LF $770 $40,040

30" Pipe (invert 10' or less) 30 200       LF $700 $140,000

30" Pipe (invert over 10' to 18') 30 363       LF $750 $272,250

33" Pipe (invert 10' or less) 33 94         LF $810 $76,140

33" Pipe (invert over 10' to 18') 33 79         LF $870 $68,730

48" Manholes for 10" - 15" Pipes (invert 10' or less) 9           EA $25,000 $225,000

48" Manholes for 10" - 15" Pipes (invert over 10' to 18') 1           EA $27,000 $27,000

60" Manholes for 18" - 36" Pipes (invert 10' or less) 15         EA $39,000 $585,000

60" Manholes for 18" - 36" Pipes (invert over 10' to 18') 2           EA $51,000 $102,000

60" Manholes for 18" - 36" Pipes (invert 18' or more) 1           EA $62,000 $62,000

101 Crossing with Casing for 18" pipe 293       LF $3,500 $1,025,500

101 Crossing with Casing for 30" pipe 363       LF $3,600 $1,306,800

Misc. Utility Relocations and Service Replacements 1           LS $500,000 $500,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $9,327,000
$1.00

Construction Subtotal (Rounded) 1 $9,330,000
$1.00

Contingency (25%) (Rounded) $1.00 $2,333,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $11,670,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $2,917,500

Inspection/CM/ESDC (12% of Construction) $1,400,400

Easement/Land Acquisition (1) 0

Project Total (Rounded) $15,990,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

ENR Construction Cost Index:

14,421.03      

CIP: Fix Future Peak Wet Weather Flow + South Cloverdale 

at Connection Point 1
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Figure 5.22 Address Future + South Cloverdale at Connection Point 2 Peak Wet Weather Flow - 
Preliminary Cost Opinion 

Date:

Nov-21 11/17/2021

Capacity Upsize

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $421,000 $421,000

Temporary Traffic Control (5%) 1           LS $351,000 $351,000

Potholing 1           LS $421,000 $421,000

Shoring and Trench Safety 1           LS $94,000 $94,000

Dewatering 1           LS $282,000 $282,000

Temporary Bypass Pumping 1           LS $235,000 $235,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $47,000 $47,000

12" Pipe (invert 10' or less) 12 482       LF $470 $226,540

12" Pipe (invert over 10' to 18') 12 17         LF $500 $8,500

15" Pipe (invert 10' or less) 15 1,630    LF $500 $815,000

15" Pipe (invert over 10' to 18') 15 28         LF $530 $14,840

18" Pipe (invert 10' or less) 18 448       LF $560 $250,880

21" Pipe (invert 10' or less) 21 729       LF $590 $430,110

27" Pipe (invert 10' or less) 27 423       LF $650 $274,950

27" Pipe (invert over 10' to 18') 27 150       LF $710 $106,500

27" Pipe (invert 18' or more) 27 52         LF $770 $40,040

30" Pipe (invert 10' or less) 30 200       LF $700 $140,000

30" Pipe (invert over 10' to 18') 30 363       LF $750 $272,250

33" Pipe (invert 10' or less) 33 94         LF $810 $76,140

33" Pipe (invert over 10' to 18') 33 79         LF $870 $68,730

48" Manholes for 10" - 15" Pipes (invert 10' or less) 10         EA $25,000 $250,000

48" Manholes for 10" - 15" Pipes (invert over 10' to 18') 1           EA $27,000 $27,000

60" Manholes for 18" - 36" Pipes (invert 10' or less) 9           EA $39,000 $351,000

60" Manholes for 18" - 36" Pipes (invert over 10' to 18') 2           EA $51,000 $102,000

60" Manholes for 18" - 36" Pipes (invert 18' or more) 1           EA $62,000 $62,000

101 Crossing with Casing for 18" pipe 293       LF $3,500 $1,025,500

101 Crossing with Casing for 30" pipe 363       LF $3,600 $1,306,800

Misc. Utility Relocations and Service Replacements 1           LS $500,000 $500,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $8,200,000
$1.00

Construction Subtotal (Rounded) 1 $8,200,000
$1.00

Contingency (25%) (Rounded) $1.00 $2,050,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $10,250,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $2,562,500

Inspection/CM/ESDC (12% of Construction) $1,230,000

Easement/Land Acquisition (1) 0

Project Total (Rounded) $14,050,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

CIP: Fix Future Peak Wet Weather Flow + South Cloverdale 

at Connection Point 2

ENR Construction Cost Index:

14,421.03      
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Figure 5.23 South Cloverdale Pump Station and Force Main at Connection Point 1 - Preliminary 
Cost Opinion 

Date:

Nov-21 11/18/2021

New Construction

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $103,000 $103,000

Temporary Traffic Control (5%) 1           LS $86,000 $86,000

Potholing 1           LS $103,000 $103,000

Shoring and Trench Safety 1           LS $21,000 $21,000

Dewatering 1           LS $62,000 $62,000

Temporary Bypass Pumping 1           LS $52,000 $52,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $11,000 $11,000

6" Force Main 6 1,030    LF $150 $154,500

New South Cloverdale Pump Station (0.44 mgd) 1           LS $1,300,000 $1,300,000

Misc. Utility Relocations and Service Replacements 1           LS $100,000 $100,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $1,993,000
$1.00

Construction Subtotal (Rounded) 1 $2,000,000
$1.00

Contingency (25%) (Rounded) $1.00 $500,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $2,500,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $625,000

Inspection/CM/ESDC (12% of Construction) $300,000

Easement/Land Acquisition (1) 0

Project Total (Rounded) $3,430,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

ENR Construction Cost Index:

14,421.03      

CIP: South Cloverdale Pump Station and Force Main at 

Connection Point 1
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Figure 5.24 South Cloverdale Pump Station and Force Main at Connection Point 2 - Preliminary 
Cost Opinion 

 

 

6. Traffic Impact Study 

6.1 Traffic Impact Study Context and Scope 

The location of the project is City of Cloverdale, Sonoma County, California. The proposed project would annex 

industrial and residential areas southwest of the city limits. The Project limits are noted in the previous memo on 

Land Use for the Southwest Cloverdale Area.  

This study was conducted with the intent of identifying the potential traffic impacts associated with the prosed 

Project. The traffic impacts were evaluated using the standards and methodologies set forth by both the City of 

Cloverdale (City) and the California Department of Transportation (Caltrans). The TIS was performed and impacts 

evaluated in accordance with the standards and methodologies set forth in the Guide for the Preparation of Traffic 

Impact Studies (Caltrans, 2002). The traffic analysis is based on peak hour levels of service for unsignalized and 

signalized intersections. The traffic analysis includes an evaluation of each peak hour signal warrants for 

unsignalized intersections performing at unacceptable levels of service. Thresholds of significance, as established 

Date:

Nov-21 11/18/2021

New Construction

Description Diameter (in) Quantity Unit Unit Cost Total Cost

1
Mobilization and Demobilization (6%) 1           LS $98,000 $98,000

Temporary Traffic Control (5%) 1           LS $82,000 $82,000

Potholing 1           LS $98,000 $98,000

Shoring and Trench Safety 1           LS $16,000 $16,000

Dewatering 1           LS $48,000 $48,000

Temporary Bypass Pumping 1           LS $40,000 $40,000

Handling, Treatment, and Disposal of Contaminated Soil and GW 1           LS $8,000 $8,000

6" Force Main 6 800       LF $150 $120,000

New South Cloverdale Pump Station (0.44 mgd) 1           LS $1,300,000 $1,300,000

Misc. Utility Relocations and Service Replacements 1           LS $100,000 $100,000
1

TOTAL ESTIMATE OF PROBABLE CONSTRUCTION COST 1
$1.00

Subtotal (Rounded) $1.00 $1,910,000
$1.00

Construction Subtotal (Rounded) 1 $1,910,000
$1.00

Contingency (25%) (Rounded) $1.00 $478,000
$1.00

Total Estimate of Probable Construction Cost (Rounded) (1) $1.00 $2,390,000

Design, Survey, Geotechnical, Environmental Review, Permits (25% of Construction) $597,500

Inspection/CM/ESDC (12% of Construction) $286,800

Easement/Land Acquisition (1) 0

Project Total (Rounded) $3,280,000

Notes:

(1) Does not include property acquisition, permit costs, or City fees.

CIP: South Cloverdale Pump Station and Force Main at 

Connection Point 2

ENR Construction Cost Index:

14,421.03      



 

GHD | City of Cloverdale, California | 11203649 | South Cloverdale Specific Plan 63 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted 
by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

by Caltrans and the City, were used to determine the level of significance of traffic impacts and the need for 

mitigation measures 

This TIS presents the transportation operations and impacts associated with the project for the following scenarios: 

• Existing, Plus Background Development, Conditions 
• Cumulative Conditions 
• Cumulative Plus Project Conditions 

Existing Plus Background Development Conditions quantify the current traffic operations at the study locations 

with the additional of current proposed development. Existing conditions are described in Section 3. 

Cumulative Conditions refer to the analysis scenario in which traffic impact associated with approximately 20 

years development in the City of Cloverdale and surrounding areas. Within this scenario, the projected growth has 

been added to the Existing conditions Volumes to obtain the Year 2040 volumes. Cumulative conditions are 

described in Section 5. 

Cumulative Plus Project Conditions refer to the analysis scenario in which traffic impacts associated with the 

proposed project are investigated in comparison to the Cumulative scenario. Within this scenario, the project 

generated peak hour traffic volumes have been added to the Cumulative conditions volumes to obtain the 

Cumulative Plus Project Volumes. Cumulative Plus Project conditions are described in Section 6. 

Each scenario is described in further detail and evaluated in subsequent sections of this Technical Memorandum. 

Transportation improvements required to maintain acceptable vehicular access and safety at all locations are 

identified and documented under each section. 

The analysis performed within is this TIS provides a planning level analysis and is intended only of the preliminary 

engineering level design. The “analysis level” describes the level of detail used when the methodology is applied. 

The “planning and preliminary engineering level” of analysis requires only the most fundamental types of 

information. As excluded from the proposal, this study reviews the operational constraints of the proposed 

annexation and does not include a analysis of Vehicle Miles Traveled, as required by CEQA. 

6.2 Study Intersections  

The intersection analyzed within this study have been numbered for ease of reference throughout the report. The 

following nine intersections were identified by the City of Cloverdale for the analysis for availability of data and 

most likely to exhibit project impacts, and can be seen in Figure 6.1. 

1. S. Cloverdale Blvd. & Treadway Dr. 

2. S. Cloverdale Blvd. & Santana Dr. 

3. S. Cloverdale Blvd. & Santana Dr. (Overpass) 

4. Santana Dr. (Overpass) & SB Ramps (On & Off) 

5. Santana Dr. (Overpass) & NB Ramps (On & Off) 

6. S. Cloverdale Blvd. & Sandholm Ln 

7. Sandholm Ln. & Foothill Blvd. 

8. S. Cloverdale Blvd. & Kelly Rd. (North) 

9. S. Cloverdale Blvd. & Kelly Rd (South) 

  

aoerding
Highlight

aoerding
Note
intersections
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Figure 6.1 Traffic Impact Study Intersections 

 

6.3 Level of Service Methodologies and Guidelines 
The following section presents a summary of the general level of service (LOS) methodologies and guidelines 
used in the analysis of intersections. 

The data requirements for the traffic impact analysis include: 

• Existing intersection turning movement count 

• Existing intersection geometry and configuration 

• Existing signal timing and phasing 

 

Due to current COVID conditions, GHD obtained existing condition traffic data collected by the City of Cloverdale 

from two recent projects, Baumgardner Ranch Development and the Dry Creek Rancheria Housing Projects.  
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Table 6.1 Level of Service Benchmarks and Standards 

Level 
of 
Service 

Type 
of 
Flow 

Delay Maneuverability 

Stopped Delay/Vehicle (sec) 

Signalized 
Un- 
signalized 

All-Way 
Stop 

A 

S
ta

b
le

 

F
lo

w
 

Very slight delay. Progression is 
very favorable, with most vehicles 
arriving during the green phase not 
stopping at all. 

Turning movements are 
easily made, and nearly 
all drivers find freedom 
of operation. 

<10.0 <10.0 <10.0 

B 

S
ta

b
le

 

F
lo

w
 

Good progression and/or short cycle 
lengths. More vehicles stop than for 
LOS A, causing higher levels of 
average delay. 

Vehicle platoons are 
formed. Many drivers 
begin to feel somewhat 
restricted within groups 
of vehicles. 

>10.0 
and 
<20.0 

>10.0 
and 
<15.0 

>10.0 
and 
<15.0 

C 

S
ta

b
le

 

F
lo

w
 

Higher delays resulting from fair 
progression and/or longer cycle 
lengths. Individual cycle failures 
may begin to appear at this level. 
The number of vehicles stopping is 
significant, although many still pass 
through the intersection without 
stopping. 

Back-ups may develop 
behind turning vehicles. 
Most drivers feel 
somewhat restricted 

>20.0 
and 
<35.0 

>15.0 
and 
<25.0 

>15.0 
and 
<25.0 

D 

A
p
p
ro

a
c
h
in

g
 

U
n
s
ta

b
le

 F
lo

w
 

The influence of congestion 
becomes more noticeable. Longer 
delays may result from some 
combination of unfavorable 
progression, long cycle lengths, or 
high volume-to-capacity ratios. 
Many vehicles stop, and the 
proportion of vehicles not stopping 
declines. Individual cycle failures 
are noticeable. 

Maneuverability is 
severely limited during 
short periods due to 
temporary back-ups. 

>35.0 
and 
<55.0 

>25.0 
and 
<35.0 

>25.0 
and 
<35.0 

E 

U
n
s
ta

b
le

  

F
lo

w
 

Generally considered to be the limit 
of acceptable delay. Indicative of 
poor progression, long cycle 
lengths, and high volume-to-
capacity ratios. Individual cycle 
failures are frequent occurrences. 

There are typically long 
queues of vehicles 
waiting upstream of the 
intersection. 

>55.0 
and 
<80.0 

>35.0 
and 
<50.0 

>35.0 
and 
<50.0 

F 

F
o
rc

e
d
  

F
lo

w
 

Generally considered to be 
unacceptable to most drivers. Often 
occurs with over saturation. May 
also occur at high volume-to-
capacity ratios. There are many 
individual cycle failures. Poor 
progression and long cycle lengths 
may also be major contributing 
factors. 

Jammed conditions. 
Back-ups from other 
locations restrict or 
prevent movement. 
Volumes may vary 
widely, depending 
principally on the 
downstream back-up 
conditions. 

>80.0 >50.0 >50.0 

 

 

6.3.1 General LOS Methodologies 

Intersection LOS were calculated for all control types (e.g. signalization, stop sign controlled) using the methods 

documented in the Transportation Research Board (TRB) publication Highway Capacity Manual (HCM) 6th 

Edition. LOS determinations are presented on a letter grade scale from “A” to “F”, whereby LOS “A” represents 

“free-flow” conditions and LOS “F” represents over capacity conditions. LOS is a qualitative measure of traffic 

operating conditions, whereby a letter grade is assigned to an intersection representing progressively worsening 

traffic conditions. 

For signalized and all-way stop (AWSC) controlled intersections, intersection delays and LOS are average values 

for all intersection movements. For two-way stop-controlled (TWSC) intersections, the intersection delays and LOS 
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are represented by the worst approach. Table 2.1 presents the delay-based LOS criteria for different types of 

intersection control. 

6.3.2 Agency LOS Guidelines and Policies 

The City of Cloverdale General Plan indicates that traffic conditions should be maintained at the mid-D Level of 

Service threshold for peak hour intersection operation. The LOS standard was applied to the overall average 

intersection delay, and not any single movement or approach. Therefore, an average delay of up to 30 seconds at 

a stop-controlled intersection and up to 45 seconds at a signalized and all-way stop control intersections will be 

considered acceptable. Exceptions to this standard will be allowed only where the City Council determines that 

improvements needed to maintain this standard are not feasible. 

Caltrans has jurisdiction over any intersection located on a state route, so the Caltrans standard is applicable to 

the study intersections along the US 101 Overpass, which is owned and maintained by Caltrans. In the Guide for 

the Preparation of Traffic Impact Studies, Caltrans indicates that they endeavor to maintain operation at the 

transition from LOS C to LOS D, which translates to an allowable delay of approximately 25 seconds for their stop-

controlled ramp intersections. Based on previous discussions with Caltrans staff, it is understood that the standard 

is to be applied to the overall average intersection delay, and not that associated with any single movement or 

approach. Under this approach, if one movement experiences very high delay and has moderate to high traffic 

volumes, the overall delay and level of service should reflect the critical nature of this condition. However, if one 

movement is expected to experience high delay, but has very low traffic volumes, the overall intersection operation 

will likely still meet Caltrans standards. 

6.3.3 Warrant and Queue Analysis 

A supplemental traffic signal warrant analysis was completed for unsignalized intersections determined to be 

operating at an unacceptable LOS. The term “signal warrant” refers to the list of established criteria used by public 

agencies to quantitatively justify or ascertain the need for installation of a traffic signal at an unsignalized 

intersection. This study has employed the signal warrant criteria presented in the latest edition of the California 

Manual on Uniform Traffic Control Devices (MUTCD) for all unsignalized study intersection. 

The California MUTCD indicates that the installation of a traffic signal should be considered if one or more of the 

signal warrants are met. Specifically, this study utilizes the peak hour volume-based Warrant 3, also referred to as 

the Peak Hour Volume Warrant, as one representative type of traffic signal warrant analysis. It should be noted 

that the Peak Hour Volume Warrant was only applied when the intersection was found to be operating at an 

unacceptable LOS. Therefore, there may be instances when the unsignalized intersection operates at acceptable 

LOS conditions but still meets the Peak Hour Volume Warrant. 

Vehicle queuing analysis was completed for all intersections to assess capacity of intersections to accommodate 

the number of vehicles expected to wait at the intersections before being able to pass through or turn. This 

analysis is important because if there is not enough storage between intersections, in left or right turn pockets, the 

overflow of vehicles can obstruct the operations of the roadway. Vistro (PTV) was utilized to analyze and project 

95th percentile queue lengths. All defaults values were used within the analysis unless stated in prior sections of 

this report. 

In some cases, the 95th percentile queue will extend into and beyond upstream intersection(s). These cases have 

been noted in the analysis. 

6.4 Level of Service Analyses 

6.4.1 Existing Conditions 

The Existing condition is the analysis scenario which describes the existing conditions at the study intersections, 

with the inclusion of pending development project noted, during both the weekday AM and PM peak hours. 

Existing conditions establish the baseline traffic conditions. 

Existing weekday AM & PM peak hour intersection traffic operations were quantified utilizing the existing traffic 

volume and existing intersection lane geometrics and control types, except for S. Cloverdale Blvd at Treadway Dr. 



 

GHD | City of Cloverdale, California | 11203649 | South Cloverdale Specific Plan 67 

This document is in draft form. The contents, including any opinions, conclusions or recommendations contained in, or which may be implied from, this draft document 
must not be relied upon. GHD reserves the right, at any time, without notice, to modify or retract any part or all of the draft document. To the maximum extent permitted 
by law, GHD disclaims any responsibility or liability arising from or in connection with this draft document. 

which is expected to be signalized in the near term and All-way Stop Control at Northbound Exit Santana Dr. which 

was recommended for this control per the Baumgardner Ranch TIS. Existing intersection geometric and control 

assumptions can be found in the appendix and are noted in Table 3.1 along with intersection the delay and LOS 

for the existing conditions. 

Based on the analysis provided, all the study intersections are expected operate acceptably with existing and 

near-term development projects as noted above. 

Table 6.2 Existing Conditions 

# Intersection Control 
Type 

Average 

Critical 
Movement 

AM Peak Hour PM Peak Hour 

Delay 

 

LOS Warrant 
Met? 

Delay LOS Warrant 
Met? 

1 S. Cloverdale 
Blvd. & 
Treadway Dr. 

Signal Average 8.3 A - 8.4 A - 

2 S. Cloverdale 
Blvd. & 
Santana Dr. 

TWSC Average 

WB Left 

2.1 

16.7 

A 

C 

No 2.0 

17.9 

A 

C 

No 

3 S. Cloverdale 
Blvd. & 
Santana Dr. 
(Overpass) 

TWSC Average 

WB Left 

7.1 

30.2 

A 

D 

No 9.9 

22.7 

A 

C 

Yes 

4 Santana Dr. 
(Overpass) & 
SB Ramps 

TWSC Average 

SB Thru 

1.1 

15.2 

A 

C 

No 1.2 

18.3 

A 

C 

No 

5 Santana Dr. 
(Overpass) & 
NB Ramps 

AWSC Average 8.5 A No 17.1 C No 

6 S. Cloverdale 
Blvd. & 
Sandholm 
Blvd. 

TWSC Average 

EB Left 

3.5 

9.9 

A 

A 

No 2.3 

10.5 

A 

B 

No 

7 Foothill Blvd. & 
Sandholm 
Blvd. 

AWSC Average 7.0 A No 7.3 A No 

8 S. Cloverdale 
Blvd. & Kelly 
Rd. (North) 

TWSC Average 

EB Left 

2.1 

9.3 

A 

A 

No 1.4 

9.7 

A 

A 

No 

9 S. Cloverdale 
Blvd. & Kelly 
Rd. (South) 

TWSC Average 

EB Left 

1.0 

9.2 

A 

A 

No 0.5 

9.6 

A 

A 

No 

Notes: 
1. AWSC = All Way Stop Control; TWSC = Two Way Stop Control 
2. LOS = Delay based on worst minor street approach for TWSC intersections, average of all approaches for AWSC 

& Signal 
3. Warrant= Based on California MUTCD Warrant 3 

6.4.2 Cumulative Conditions 

Cumulative conditions in the study area were taken from the studies noted above and were developed using 

information contained in the County’s gravity demand model maintained by the Sonoma County Transportation 

Authority (SCTA). Where the model did not include study roadways or intersections, growth factors were used 

instead to model year 2040.  

Cumulative weekday AM & PM peak hour intersection traffic operations were quantified utilizing the future traffic 

volumes and the lane geometrics and control types used for existing conditions above. Cumulative intersection 

geometric and control assumptions can be found in the appendix and are noted in Table 4.1 along with 

intersection the delay and LOS for the Cumulative conditions. 

Based on the analysis provided, all the study intersections are expected operate acceptably with cumulative 

growth, as noted above.  
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Table 6.3 Intersection conditions under cumulative growth 

# Intersection Control 
Type 

Average 

Critical 
Movement 

AM Peak Hour PM Peak Hour 

Delay 

 

LOS Warrant 
Met? 

Delay   

1 S. Cloverdale 
Blvd. & 
Treadway Dr. 

Signal Average 9.4 A - 8.8 A - 

2 S. Cloverdale 
Blvd. & Santana 
Dr. 

TWSC Average 

WB Left 

2.6 

22.4 

A 

C 

No 2.5 

23.9 

A 

C 

Yes 

3 S. Cloverdale 
Blvd. & Santana 
Dr. (Overpass) 

TWSC Average 

WB Left 

9.2 

76.3 

A 

F 

Yes 15.7 

43.1 

C 

E 

Yes 

4 Santana Dr. 
(Overpass) & 
SB Ramps 

TWSC Average 

SB Thru 

1.2 

19.1 

A 

C 

No 1.4 

25.0 

A 

D 

No 

5 Santana Dr. 
(Overpass) & 
NB Ramps 

AWSC Average 8.9 A No 39.6 E Yes 

6 S. Cloverdale 
Blvd. & 
Sandholm Blvd. 

TWSC Average 

EB Left 

3.5 

10.3 

A 

B 

No 2.3 

11.2 

A 

B 

No 

7 Foothill Blvd. & 
Sandholm Blvd. 

AWSC Average 7.1 A No 7.3 A No 

8 S. Cloverdale 
Blvd. & Kelly 
Rd. (North) 

TWSC Average 

EB Left 

1.6 

9.6 

A 

A 

No 0.9 

10.5 

A 

B 

No 

9 S. Cloverdale 
Blvd. & Kelly 
Rd. (South) 

TWSC Average 

EB Left 

0.7 

9.6 

A 

A 

No 0.4 

10.3 

A 

B 

No 

Notes: 
1. AWSC = All Way Stop Control; TWSC = Two Way Stop Control 
2. LOS = Delay based on worst minor street approach for TWSC intersections, average of all approaches for AWSC 

& Signal 
3. Warrant= Based on California MUTCD Warrant 3 

6.4.3 Project Trip Generation, Distribution and Assignment 

This section discussed the method an analysis conducted in selecting trip generation rates and assigning project 

trips to the existing roadway network. The magnitude of traffic produced by the proposed project and the location 

where the traffic would appear was estimated using the three-step process of trip generation, trip distribution and 

trip assignment. 

The “Project” as noted for this analysis is the Southwest Cloverdale Annexation Area, as noted and described in 

the preceding draft technical Memorandum on Land Use. For analysis purposes, the proposed development 

associated with the proposed annexation is completed in a single phase of development, depicting cumulative 

project intersection operations.  

Project trip generation forecasts were derived using the Institute of Transportation Engineer’s Trip Generation 

Manual 10th Edition (ITE 207) (Trip Generation Manual) aver gates and equations. Table 5.1 presents the 

proposed projects trip generation for weekday AM and PM peak hours. 

Table 6.4 Project Trip Generation 

 Daily AM Peak Hours PM Peak Hours 

Land Use 
Category (ITE 
CODE) 

Rate Trips Rate 

 

Trips %In In %Out Out Rate Trips %In In %Out Out 

Single Family 
Detached (210) 

9.44 151 0.74 12 25
% 

3 75% 9 0.99 16 63
% 

10 37% 6 
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 Daily AM Peak Hours PM Peak Hours 

Multi Family 
Housing (mid-
rise) 

5.44 - 0.36 - 26
% 

- 74% - 0.44 - 61
% 

- 39% - 

General Light 
Industrial (110) 

4.96 5106 0.70 721 88
% 

634 12% 86 0.63 649 13
% 

84 87% 564 

The Project directional trip distribution and specific assignment of project-generated trips were established based 

on an understanding of existing and projected future traffic flows and travel patterns within the vicinity of the 

project site. Thus, approximately 30% of net new project trips will come from 101 South, Santana Drive, and S. 

Cloverdale Blvd.; 30% from Theresa Drive; 20% North Bound S Cloverdale Blvd.; 20% 101 North, Santana Drive 

and S. Cloverdale Blvd. 

6.4.4 Cumulative Plus Project Conditions 

The Year 2040 Cumulative Plus Project Conditions were simulated by superimposing traffic generated by full 

build-out of the proposed project onto Year 2040 no project traffic volumes.  

Cumulative weekday AM & PM peak hour intersection traffic operations were quantified utilizing the existing traffic 

volume and existing intersection lane geometrics and control types. The following table presents intersection 

operations for the Cumulative conditions. 

Based on the analysis provided, all of the study intersections are expected operate acceptably with cumulative 

plus Project growth, as noted above, with the exception of S. Cloverdale Blvd & Santana Dr (Overpass) and 

Santana Drive (Overpass) & Northbound Ramps. The two-way stop control intersection exceeds acceptable levels 

during both peak periods with the addition of Project trips. The All-Way Stop Control exceeds the threshold of 

significance in the PM Peak Hour. It should be noted that under these cumulative conditions both intersections 

meet peak hour signal warrants. 

Table 6.5 Year 2040 Cumulative Plus Project Intersection Level of Service Analysis 

# Intersection Control 
Type 

Target 
LOS 

AM Peak Hour PM Peak Hour 

Delay 

 

LOS Warrant 
Met? 

Delay LOS Warrant 
Met? 

1 S. Cloverdale Blvd. & 
Treadway Dr. 

Signal  7.7 A - 14.3 B - 

2 S. Cloverdale Blvd. & 
Santana Dr. 

TW SC  30.2 D - 36.6 E No 

3 S. Cloverdale Blvd. & 
Santana Dr. 

Signal  33.9 C - 21.1 C - 

4 Santana Dr. & SB Ramps TW SC  27.3 D - 46.1 E No 

5 Santana Dr. & NB Ramps Signal  23.3 C - 33.6 C - 

6 S. Cloverdale Blvd. & 
Sandholm Blvd. 

TW SC  21.8 C - 23.0 C - 

7 Foothill Blvd. & Sandholm 
Blvd. 

AW SC  7.1 A - 7.4 A - 

8 S. Cloverdale Blvd. & 
Kelly Rd. (North) 

TW SC  14.4 B - 15.4 C - 

9 S. Cloverdale Blvd. & 
Kelly Rd. (South) 

TW SC  14.4 B - 15.5 C - 

Notes: 
1. AWSC = All Way Stop Control; TWSC = Two Way Stop Control 
2. LOS = Delay based on worst minor street approach for TWSC intersections, average of all approaches for 

AWSC & Signal 

3. Warrant= Based on California MUTCD Warrant 3 
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6.4.5 Queue Analysis 

The Queue Analysis was prepared in conjunction with the LOS analysis, prepared for each study scenario and 

analysis period. Table 6.6 presents queuing conditions at intersection for each of the scenarios. 

Based on the analysis provided, all of the study intersections are expected operate within the storage lengths 

provided, with the exception of S. Cloverdale Blvd & Santana Dr (Overpass) during the PM Peak Hour, when 

queues would be expected to extend beyond the left-turn pocket and intersections spacing. This coincides with an 

unacceptable level of service at this intersection. 

Table 6.6 Year 2040 Cumulative Plus Project Queues 

# Intersecti
on 

Approach 
Lane  

Base 
Queue 
Length 

(ft) 

AM Peak Hour Queue (ft) PM Peak Hour Queue (ft) 

E
x
is

ti
n

g
 

 C
u
m

u
la

ti
v
e

 

C
u
m

u
la

ti
v
e
 

p
lu

s
 

P
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c
t 

E
x
is

ti
n

g
 

C
u
m

u
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ti
v
e

 

C
u
m

u
la

ti
v
e
 

p
lu

s
 

P
ro

je
c
t 

1 S. 
Cloverdale 
Blvd. & 
Treadway 
Dr. 

NB Left 

SB Right 

EB Right 

125 

550 

142 

0 

0 

18 

16 

64 

44 

19 

7 

53 

31 

8 

18 

46 

12 

30 

48 

12 

31 

2 S. 
Cloverdale 
Blvd. & 
Santana Dr. 

WB  125 18 32 43 18 26 45 

3 S. 
Cloverdale 
Blvd. & 
Santana Dr. 
(Overpass) 

SB Left 

WB Left 

137 

205 

34 

12 

57 

39 

63 

989 

18 

33 

27 

68 

44 

332 

4 Santana Dr. 
(Overpass) 
& SB 
Ramps 

SB Right 

WB Left 

175 

140 

7 

0 

11 

1 

41 

1 

11 

1 

18 

2 

25 

2 

5 Santana Dr. 
(Overpass) 
& NB 
Ramps 

NB Left 

NB Right 

EB Left 

EB Thru 

WB Thru 

- 

185 

180 

400 

238 

17 

1 

8 

4 

4 

25 

1 

8 

6 

6 

84 

1 

12 

6 

6 

157 

2 

15 

4 

9 

371 

3 

21 

5 

12 

478 

3 

44 

5 

8 

6 S. 
Cloverdale 
Blvd. & 
Sandholm 
Blvd. 

NB Left 

EB 

100 

- 

0 

10 

0 

12 

0 

27 

0 

9 

0 

11 

1 

23 

7 Foothill 
Blvd. & 
Sandholm 
Blvd. 

NB 

SB 

WB 

- 

- 

- 

6 

1 

4 

6 

4 

3 

6 

4 

3 

4 

3 

9 

4 

3 

9 

4 

3 

9 

8 S. 
Cloverdale 
Blvd. & 
Kelly Rd. 
(North) 

EB - 3 3 6 2 2 4 

9 S. 
Cloverdale 
Blvd. & 
Kelly Rd. 
(South) 

EB - 1 1 3 1 1 21 
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6.5 Conclusion and Recommendations 
Based on this analysis, all of the study intersections perform acceptably with planned near-term growth as well as 

predicted cumulative growth that is already accounted for in existing plans. 

When the intersection operations are modelled with the proposed water improvement projects, there are two two-

way stop intersections which exceed acceptable traffic levels: S. Cloverdale Blvd and Santana Drive (overpass) 

and the Santana Drive overpass and northbound ramps. The two-way stop control intersection exceeds 

acceptable levels during both peak periods with the addition of Project trips. The All-Way Stop Control exceeds the 

threshold of significance in the PM Peak Hour. It should be noted that under these cumulative conditions both 

intersections meet peak hour signal warrants. 

Under Cumulative plus Project Conditions two study intersections are expected to operate unacceptably, both of 

which are an integral part of the South Cloverdale Boulevard Interchange, the intersections of Santana Drive at S. 

Cloverdale Boulevard and at the US 101 Northbound Off-Ramp. Given that these intersections are part of the US 

101 Interchange or in proximity, consideration for consultation with Caltrans for Intersection Control Evaluation 

(ICE) has been integrated into this analysis. Therefore, potential mitigation of the operation under cumulative build-

out plus annexation considers both roundabout and traffic signalization. Under these considerations, the 

intersections can be maintained with acceptable operation without the need for widening of the US 101 

Overcrossing. 

Signalized intersection improvements at S. Cloverdale Boulevard and Santana Drive include separate through and 

right-turn lanes, with right-turn overlap phasing to aid in queue reduction. Roundabout improvements are assumed 

to include a traditional single lane modern roundabout, with no additional by-pass lanes. However, the timing of the 

improvements and availability of right-of-way could facilitate addition of right-turn bypass lanes to mitigate further 

cumulative growth and reduce delay. However, as analyzed, the intersections are comparable. Both mitigations 

reduce cues to within the existing storage or intersection spacing.  

Table 6.7 Levels of Service (Mitigated) 

# Intersection Control Type Average 

Critical 
Movement 

AM Peak Hour PM Peak Hour 

Delay 

 

LOS  Delay LOS  

3 S. Cloverdale Blvd. & Santana Dr. 
(Overpass) 

Signal Average 17.4 B  16.9 B  

3 S. Cloverdale Blvd. & Santana Dr. 
(Overpass) 

Roundabout Average 19.2 C  15.2 C  

5 Santana Dr. (Overpass) & NB 
Ramps 

Signal Average 9.9 A  11.6 B  

5 Santana Dr. (Overpass) & NB 
Ramps 

Roundabout Average 5.4 A  11.5 B  

 

7. Dry Utilities Coordination 

The project area is bounded to the north by Sandholm Lane, and to the east by Highway 101; the City’s Sphere of 

Influence determines the south and west boundaries of the project area. Developed roads within the project area 

that extend perpendicularly to Highway 101, from north to south, include Sandholm Lane, Kelly Road, Hiatt Road, 

and Theresa Drive. Kelly Road has northern and southern sections, relative to Dutcher Creek Road. South 

Cloverdale Boulevard becomes Dutcher Creek Road after its intersection with Kelly Road, and serves as a 

frontage road parallel and just west of Highway 101.  
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As discussed earlier, neighborhoods and Dutcher Creek Village Mobile Home Park lie along Theresa Drive, and a 

General Industrial zoned area in the northeast section of the project area. The northeast corner of the project area, 

bounded by Sandholm Lane and Kelly Road, is an industrial park with storage, gasoline, and automotive services, 

requiring dry utility service. An additional industrial park, the southern industrial park, located along Dutcher Creek 

Road between Hiatt and Kelly Road, also receives service from dry utility companies in the area.  

A map of identified dry utilities is included in this report as Attachment 4. 

 

7.1 Pacific Gas & Electric (PG&E) 
There are two primary PG&E natural gas lines within the project area: a high pressure distribution main along 

Sandholm Lane, and a transmission main beginning from the north end within South Cloverdale Blvd.  

The high pressure distribution main serves buildings within the northern industrial park and along Sandholm Lane 

from Foothill Boulevard to South Cloverdale Blvd. The distribution main then routes southeast along South 

Cloverdale Blvd. before entering the northern industrial park to serve businesses in the northern industrial park. 

The transmission gas line routes through South Cloverdale Blvd, north of the project area, and continues into 

Dutcher Creek Road before crossing Highway 101 between the southern portion of Kelly Road and the northern 

industrial park. After crossing Highway 101, the transmission gas line remains east of Highway 101, within the 

eastern frontage road, Asti Road, and remains outside of the project area.  

PG&E Electric serves neighborhoods north of Sandholm Lane, the north and south industrial parks, and 

neighborhoods along Kelly Road, Hiatt Road and Theresa Drive.  

PG&E overhead electrical lines serve residents within the project area from overhead lines that route along 

Dutcher Creek Road. The main overhead electrical line that serves residents travels south along South Cloverdale 

Blvd. and Dutcher Creek Road, before crossing to travel along Asti Road before the intersection of South 

Cloverdale Blvd. and Southern Kelly Road. The overhead line along Asti Road splits into two lines; the first 

continuing down Asti Road and the second crossing back over Highway 101 and splitting into three directions, two 

travelling both north and south along Dutcher Creek Road, from the Dutcher Creek Road/Hiatt Road intersection, 

and one continuing through Hiatt Road. The overhead lines split at the aforementioned intersection travel along 

Dutcher Creek Road north to the southern industrial park, and south to serve the neighborhood and Dutcher Creek 

Village along Theresa Drive. 

The following streets have electric lines underground that feed both homes and street lighting in the neighborhood 

north of Sandholm Lane, just outside of the project area. Underground electric lines also cross at certain points on 

the following streets: 

– Polaris Ct. 

– Orion Ct. 

– Moonlight Cir. 

– Northstar Lane 

– Mount Diablo Way 

– Timber Ridge Ct. 

– Sierra Ct. 

– Ranch House Drive 

– Homewood Ct. 

– Cottage Ct. 

– Foothill Blvd. 

– William Cir. 

– Furber Lane 

– Elbridge Ave. 

– Marguerite Lane 

– Treadway Drive 
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– Treadway Ct. 

Within the project area, PG&E underground electrical lines are primarily used in this project area to provide buried 

service to individual households and industrial parks. Underground electrical lines exist in the following locations 

within the project area: 

– Within the northern industrial area, serving the Renner Petroleum station onsite 

– Within the southern industrial area, serving New World Mfg. Inc.  

– West of Dutcher Creek Road, between Hiatt Road and Theresa Drive, serving two households 

– South of Theresa Drive, branching off of PG&E overhead lines to serve two individual households 

7.2 Comcast (CableCom) 
Comcast CATV lines follow the same general path as the PG&E Overhead Electrical lines, but travel shorter 

distances down southern Kelly Road, Hiatt Road, and Theresa Drive. For example, the overhead line along Asti 

Road crosses back to travel along Dutcher Creek Road at the Dutcher Creek Road/Hiatt Road intersection, and 

continues through a only portion of Hiatt Road. 

Underground cable TV (CATV) lines route through the following streets in the neighborhood north of Sandholm 

Lane, just outside of the project area, to provide service to individual households: 

– Sunrise Drive 

– Moonlight Cir. 

– Foothill Blvd. 

– Northstar Lane 

– Timber Ridge Ct. 

– Mount Diablo Way 

– Sierra Ct. 

– Ranch House Drive 

– William Cir. 

– Furber Lane 

– Tradway Drive 

– Treadway Ct. 

– Hatteras Way 

7.3 Summary 
GHD conducted a review of existing dry utilities in the project area and found that majority of utilities in the area 

are overhead electrical and CATV lines. PG&E natural gas transmission and distribution lines are present in the 

northeast section of the project area but are not within the majority of the project area. Overhead Comcast 

(CableCom) CATV and overhead PG&E electrical lines are the predominant dry utilities in the project area, and 

generally following existing roads to serve customers and existing homes. PG&E overhead electrical lines extend 

further down northern Kelly Road, Hiatt Road, and Theresa Drive. Furthermore, underground PG&E electrical lines 

within the project area are minimal, branching off of existing overhead PG&E electrical lines to connect to 

individual businesses and residences. 

aoerding
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Attachment 1  

Fire Hydrant Flow Test Results 

 

 

 



Table F.1 - Fire Flow Analysis - Junction Model Results

Fire Flow Analysis - Residential 

Junction ID

Fire Flow 

Requirement 

(gpm)

Residual Pressure 

Requirement (psi)

Available Fire 

Flow (gpm)

Residual Pressure 

at Available Fire 

Flow (psi)

Junction w/ 

Minimum 

Pressure

Residual Pressure 

at Junction w/ 

Minimum 

Pressure (psi)

J-15 1,500 20 2,319 20 J-14 67

Fire Flow Analysis - Commercial

Junction ID

Fire Flow 

Requirement* 

(gpm)

Residual Pressure 

Requirement (psi)

Available Fire 

Flow (gpm)

Residual Pressure 

at Available Fire 

Flow (psi)

Junction w/ 

Minimum 

Pressure

Residual Pressure 

at Junction w/ 

Minimum 

Pressure (psi)

J-2 8,000 20 3,420 35 J-15 0

J-3 8,000 20 3,375 34 J-15 0

J-7 7,250 20 3,369 40 J-15 0

J-8 5,750 20 3,340 43 J-15 0

J-9 5,000 20 3,281 53 J-15 0

J-10 6,500 20 3,172 51 J-15 0

* Fire flow requirements based on calculated maximum allowable building area for nearby parcels and 2019 California Fire Code



Table F.2 - Fire Flow Analysis - Pipe Model Results

Fire Flow Analysis - Residential 

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

WM-1 724 J-1 J-2 12 130 880 2.50 0.002 1.450

WM-2 850 J-2 J-3 12 130 846 2.40 0.002 1.580

WM-3 1,348 J-3 J-4 12 130 814 2.31 0.002 2.330

WM-4 741 J-4 J-9 12 130 792 2.25 0.002 1.220

WM-5 635 J-1 J-5 12 130 780 2.21 0.002 1.020

WM-6 732 J-5 J-6 12 130 780 2.21 0.002 1.170

WM-7 610 J-6 J-7 12 130 780 2.21 0.002 0.980

WM-8 705 J-7 J-8 12 130 775 2.20 0.002 1.120

WM-9 1,466 J-8 J-9 12 130 773 2.19 0.002 2.300

WM-10 713 J-9 J-10 12 130 1,560 4.42 0.006 4.110

WM-11 808 J-10 J-11 12 130 1,554 4.41 0.006 4.630

WM-12 1,113 J-11 J-12 12 130 1,541 4.37 0.006 6.280

WM-13 1,297 J-12 J-13 12 130 1,536 4.36 0.006 7.280

WM-14 1,344 J-13 J-14 12 130 1,524 4.32 0.006 7.440

WM-15 1,030 J-14 J-15 12 130 1,512 4.29 0.005 5.620

WM-16 952 J-11 J-16 12 130 9 0.03 0.000 0.000

WM-17 328 J-16 J-17 12 130 4 0.01 0.000 0.000

Fire Flow Analysis - Commercial  (Assuming 3,000 gpm Fire Flow at J-10)

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

WM-1 724 J-1 J-2 12 130 1,656 4.70 0.006 4.670

WM-2 850 J-2 J-3 12 130 1,622 4.60 0.006 5.270

WM-3 1,348 J-3 J-4 12 130 1,589 4.51 0.006 8.060

WM-4 741 J-4 J-9 12 130 1,567 4.45 0.006 4.310

WM-5 635 J-1 J-5 12 130 1,505 4.27 0.005 3.430

WM-6 732 J-5 J-6 12 130 1,505 4.27 0.005 3.950

WM-7 610 J-6 J-7 12 130 1,505 4.27 0.005 3.300

WM-8 705 J-7 J-8 12 130 1,500 4.26 0.005 3.790

WM-9 1,466 J-8 J-9 12 130 1,497 4.25 0.005 7.850

WM-10 713 J-9 J-10 12 130 3,060 8.68 0.020 14.330

WM-11 808 J-10 J-11 12 130 54 0.15 0.000 0.010

WM-12 1,113 J-11 J-12 12 130 41 0.12 0.000 0.010

WM-13 1,297 J-12 J-13 12 130 36 0.10 0.000 0.010

WM-14 1,344 J-13 J-14 12 130 24 0.07 0.000 0.000

WM-15 1,030 J-14 J-15 12 130 12 0.03 0.000 0.000

WM-16 952 J-11 J-16 12 130 9 0.03 0.000 0.000

WM-17 328 J-16 J-17 12 130 4 0.01 0.000 0.000

Without Main PRV

Pipe ID Length (ft) Start Node Stop Node Diameter (in)

Hazen-

Williams C

Without Main PRV

Pipe ID Length (ft) Start Node Stop Node Diameter (in)

Hazen-

Williams C
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Attachment 2  

Water Model Results 

 

 
  



Table E.1 - Junction Model Results

Average Day Demand (ADD) Condition

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

J-1 351.0 26 704.4 153 353.4 26 524.4 75 173.4

J-2 344.3 17 704.4 156 360.2 17 524.4 78 180.2

J-3 343.8 16 704.4 156 360.6 16 524.4 78 180.6

J-4 345.0 11 704.4 155 359.4 11 524.4 78 179.4

J-5 343.5 0 704.4 156 360.9 0 524.4 78 180.9

J-6 337.0 0 704.4 159 367.4 0 524.4 81 187.4

J-7 329.9 2 704.4 162 374.5 2 524.4 84 194.5

J-8 322.8 1 704.4 165 381.6 1 524.4 87 201.6

J-9 307.5 2 704.4 172 396.9 2 524.4 94 216.9

J-10 312.0 3 704.4 170 392.4 3 524.4 92 212.4

J-11 340.8 2 704.4 157 363.6 2 524.4 79 183.6

J-12 326.2 2 704.4 164 378.2 2 524.4 86 198.2

J-13 311.3 6 704.4 170 393.1 6 524.4 92 213.1

J-14 331.9 6 704.4 161 372.5 6 524.4 83 192.5

J-15 429.0 6 704.4 119 275.4 6 524.4 41 95.4

J-16 356.5 2 704.4 151 347.9 2 524.4 73 167.9

J-17 345.0 2 704.4 155 359.4 2 524.4 78 179.4

Maximum Day Demand (MDD) Condition

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

J-1 351.0 52 703.4 152 352.4 52 524.4 75 173.4

J-2 344.3 34 703.4 155 359.1 34 524.4 78 180.1

J-3 343.8 32 703.4 156 359.6 32 524.4 78 180.6

J-4 345.0 22 703.4 155 358.4 22 524.4 78 179.4

J-5 343.5 0 703.4 156 359.9 0 524.4 78 180.9

J-6 337.0 0 703.4 159 366.4 0 524.4 81 187.4

J-7 329.9 5 703.4 162 373.5 5 524.4 84 194.5

J-8 322.8 3 703.4 165 380.6 3 524.4 87 201.6

J-9 307.5 5 703.4 171 395.9 5 524.4 94 216.9

J-10 312.0 6 703.4 169 391.4 6 524.4 92 212.4

J-11 340.8 4 703.3 157 362.5 4 524.3 79 183.5

J-12 326.2 4 703.3 163 377.1 4 524.3 86 198.1

J-13 311.3 12 703.3 170 392.0 12 524.3 92 213.0

J-14 331.9 12 703.3 161 371.4 12 524.3 83 192.4

J-15 429.0 12 703.3 119 274.3 12 524.3 41 95.3

J-16 356.5 4 703.3 150 346.8 4 524.3 73 167.8

J-17 345.0 4 703.3 155 358.3 4 524.3 78 179.3

Peak Hour Demand (PHD) Condition

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

Demand 

(gpm)

Hydraulic 

Grade (ft) Pressure (psi)

Pressure 

Head (ft)

J-1 351.0 77 701.9 152 350.9 77 524.4 75 173.4

J-2 344.3 51 701.8 155 357.6 51 524.4 78 180.1

J-3 343.8 48 701.8 155 358.0 48 524.3 78 180.5

J-4 345.0 33 701.8 154 356.8 33 524.3 78 179.3

J-5 343.5 0 701.8 155 358.3 0 524.4 78 180.9

J-6 337.0 0 701.8 158 364.8 0 524.4 81 187.4

J-7 329.9 7 701.8 161 371.9 7 524.4 84 194.5

J-8 322.8 4 701.8 164 379.0 4 524.3 87 201.5

J-9 307.5 7 701.8 171 394.3 7 524.3 94 216.8

J-10 312.0 8 701.7 169 389.7 8 524.3 92 212.3

J-11 340.8 7 701.7 156 360.9 7 524.3 79 183.5

J-12 326.2 7 701.7 162 375.5 7 524.3 86 198.1

J-13 311.3 18 701.7 169 390.4 18 524.2 92 212.9

J-14 331.9 18 701.7 160 369.8 18 524.2 83 192.3

J-15 429.0 18 701.7 118 272.7 18 524.2 41 95.2

J-16 356.5 7 701.7 149 345.2 7 524.3 73 167.8

J-17 345.0 7 701.7 154 356.7 7 524.3 78 179.3

Junction ID Elevation (ft)

Without Main PRV With Main PRV (Set at 75 psi)

Without Main PRV With Main PRV (Set at 75 psi)

Junction ID Elevation (ft)

Junction ID Elevation (ft)

Without Main PRV With Main PRV (Set at 75 psi)



Table E.2 - Pipe Model Results

Average Day Demand (ADD) Condition

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

WM-1 724 J-1 J-2 12 130 51 0.14 0.000 0.010 51 0.14 0.000 0.010

WM-2 850 J-2 J-3 12 130 34 0.10 0.000 0.000 34 0.10 0.000 0.000

WM-3 1,348 J-3 J-4 12 130 18 0.05 0.000 0.000 18 0.05 0.000 0.000

WM-4 741 J-4 J-9 12 130 7 0.02 0.000 0.000 7 0.02 0.000 0.000

WM-5 635 J-1 J-5 12 130 29 0.08 0.000 0.000 29 0.08 0.000 0.000

WM-6 732 J-5 J-6 12 130 29 0.08 0.000 0.000 29 0.08 0.000 0.000

WM-7 610 J-6 J-7 12 130 29 0.08 0.000 0.000 29 0.08 0.000 0.000

WM-8 705 J-7 J-8 12 130 27 0.08 0.000 0.000 27 0.08 0.000 0.000

WM-9 1,466 J-8 J-9 12 130 26 0.07 0.000 0.000 26 0.07 0.000 0.000

WM-10 713 J-9 J-10 12 130 30 0.08 0.000 0.000 30 0.08 0.000 0.000

WM-11 808 J-10 J-11 12 130 27 0.08 0.000 0.000 27 0.08 0.000 0.000

WM-12 1,113 J-11 J-12 12 130 20 0.06 0.000 0.000 20 0.06 0.000 0.000

WM-13 1,297 J-12 J-13 12 130 18 0.05 0.000 0.000 18 0.05 0.000 0.000

WM-14 1,344 J-13 J-14 12 130 12 0.03 0.000 0.000 12 0.03 0.000 0.000

WM-15 1,030 J-14 J-15 12 130 6 0.02 0.000 0.000 6 0.02 0.000 0.000

WM-16 952 J-11 J-16 12 130 4 0.01 0.000 0.000 4 0.01 0.000 0.000

WM-17 328 J-16 J-17 12 130 2 0.01 0.000 0.000 2 0.01 0.000 0.000

Maximum Day Demand (MDD) Condition

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

WM-1 724 J-1 J-2 12 130 102 0.29 0.000 0.030 102 0.29 0.000 0.030

WM-2 850 J-2 J-3 12 130 68 0.19 0.000 0.010 68 0.19 0.000 0.010

WM-3 1,348 J-3 J-4 12 130 36 0.10 0.000 0.010 36 0.10 0.000 0.010

WM-4 741 J-4 J-9 12 130 13 0.04 0.000 0.000 13 0.04 0.000 0.000

WM-5 635 J-1 J-5 12 130 59 0.17 0.000 0.010 59 0.17 0.000 0.010

WM-6 732 J-5 J-6 12 130 59 0.17 0.000 0.010 59 0.17 0.000 0.010

WM-7 610 J-6 J-7 12 130 59 0.17 0.000 0.010 59 0.17 0.000 0.010

WM-8 705 J-7 J-8 12 130 54 0.15 0.000 0.010 54 0.15 0.000 0.010

WM-9 1,466 J-8 J-9 12 130 51 0.14 0.000 0.020 51 0.14 0.000 0.020

WM-10 713 J-9 J-10 12 130 60 0.17 0.000 0.010 60 0.17 0.000 0.010

WM-11 808 J-10 J-11 12 130 54 0.15 0.000 0.010 54 0.15 0.000 0.010

WM-12 1,113 J-11 J-12 12 130 41 0.12 0.000 0.010 41 0.12 0.000 0.010

WM-13 1,297 J-12 J-13 12 130 36 0.10 0.000 0.010 36 0.10 0.000 0.010

WM-14 1,344 J-13 J-14 12 130 24 0.07 0.000 0.000 24 0.07 0.000 0.000

WM-15 1,030 J-14 J-15 12 130 12 0.03 0.000 0.000 12 0.03 0.000 0.000

WM-16 952 J-11 J-16 12 130 9 0.03 0.000 0.000 9 0.03 0.000 0.000

WM-17 328 J-16 J-17 12 130 4 0.01 0.000 0.000 4 0.01 0.000 0.000

Peak Hour Demand (PHD) Condition

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

Flow 

(gpm)

Velocity 

(ft/s)

Headloss 

Gradient 

(ft/ft)

Headloss 

(ft)

WM-1 724 J-1 J-2 12 130 153 0.43 0.000 0.060 153 0.43 0.000 0.060

WM-2 850 J-2 J-3 12 130 102 0.29 0.000 0.030 102 0.29 0.000 0.030

WM-3 1,348 J-3 J-4 12 130 53 0.15 0.000 0.010 53 0.15 0.000 0.010

WM-4 741 J-4 J-9 12 130 20 0.06 0.000 0.000 20 0.06 0.000 0.000

WM-5 635 J-1 J-5 12 130 88 0.25 0.000 0.020 88 0.25 0.000 0.020

WM-6 732 J-5 J-6 12 130 88 0.25 0.000 0.020 88 0.25 0.000 0.020

WM-7 610 J-6 J-7 12 130 88 0.25 0.000 0.020 88 0.25 0.000 0.020

WM-8 705 J-7 J-8 12 130 81 0.23 0.000 0.020 81 0.23 0.000 0.020

WM-9 1,466 J-8 J-9 12 130 77 0.22 0.000 0.030 77 0.22 0.000 0.030

WM-10 713 J-9 J-10 12 130 89 0.25 0.000 0.020 89 0.25 0.000 0.020

WM-11 808 J-10 J-11 12 130 81 0.23 0.000 0.020 81 0.23 0.000 0.020

WM-12 1,113 J-11 J-12 12 130 61 0.17 0.000 0.020 61 0.17 0.000 0.020

WM-13 1,297 J-12 J-13 12 130 54 0.15 0.000 0.010 54 0.15 0.000 0.010

WM-14 1,344 J-13 J-14 12 130 36 0.10 0.000 0.010 36 0.10 0.000 0.010

WM-15 1,030 J-14 J-15 12 130 18 0.05 0.000 0.000 18 0.05 0.000 0.000

WM-16 952 J-11 J-16 12 130 13 0.04 0.000 0.000 13 0.04 0.000 0.000

WM-17 328 J-16 J-17 12 130 7 0.02 0.000 0.000 7 0.02 0.000 0.000

Pipe ID Length (ft)

Without Main PRV With Main PRV (Set at 75 psi)

Start Node Stop Node

Diameter 

(in)

Hazen-

Williams C

Hazen-

Williams C

Without Main PRV With Main PRV (Set at 75 psi)

Pipe ID Length (ft) Start Node Stop Node

Diameter 

(in)

Hazen-

Williams C

Without Main PRV With Main PRV (Set at 75 psi)

Pipe ID Length (ft) Start Node Stop Node

Diameter 

(in)
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Attachment 3  

Existing Sewer System 
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Attachment 4  

Dry Utilities Map 
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