
NUT TREE AIRPORT  
UTILITY MASTER PLAN 
 

 

 



NUT TREE AIRPORT UTILITY MASTER PLAN 
2019 

 
Solano County Board of Supervisors 

Erin Hannigan, Chairwoman, District 1 
John Vasquez, Vice Chair, District 4 

Monica Brown, District 2 
Jim Spering, District 3 

Skip Thomson, District 5 
 

Nut Tree Airport Advisory Committee 
Steve Mervau, Chair, Business Representative  
Debbie Begley, Vice Chair, Pilots Association 

Mike Hedrick, Recreational Pilot 
Bob Johnston, Area Resident 
Harvey Martin, Business Pilot 

 
Solano County Administrator’s Office 
Birgitta Corsello, County Administrator 

Nancy Huston, Assistant County Administrator 
Magen Yambao, Senior Management Analyst 

 
Solano County General Service Department 

Megan M. Greve, Director 
Dave Daly, Airport Manager 

 

Prepared By 

Nut Tree Airport 
301 County Airport Rd 

Vacaville, CA 95688 
(With assistance by Kitchell, Sacramento) 

 



  Nut Tree Airport Utility Master Plan 

 Page 1 

Table of Contents 

TABLE OF CONTENTS ........................................................................................................................... 1 

LIST OF FIGURES .................................................................................................................................... 2 

APPENDICES ............................................................................................................................................. 2 

INTRODUCTION ....................................................................................................................................... 3 

EXECUTIVE SUMMARY ........................................................................................................................ 6 

PROJECT BACKGROUND ...................................................................................................................... 8 

WATER MAIN SYSTEM ........................................................................................................................ 12 

BACKGROUND .................................................................................................................................... 12 

DESIGN CRITERIA .............................................................................................................................. 12 

SYSTEM ASSESSMENT ...................................................................................................................... 15 

RECOMMENDATIONS ........................................................................................................................ 16 

ESTIMATED COSTS ............................................................................................................................ 20 

SANITARY SEWER SYSTEM ............................................................................................................... 21 

BACKGROUND .................................................................................................................................... 21 

DESIGN CRITERIA .............................................................................................................................. 21 

SYSTEM ASSESSMENT ...................................................................................................................... 22 

RECOMMENDATIONS ........................................................................................................................ 24 

ESTIMATED COSTS ............................................................................................................................ 25 

STORM DRAINAGE SYSTEM .............................................................................................................. 27 

BACKGROUND .................................................................................................................................... 27 

DESIGN CRITERIA .............................................................................................................................. 27 

SYSTEM ASSESSMENT ...................................................................................................................... 27 

RECOMMENDATIONS ........................................................................................................................ 28 

ESTIMATED COSTS ............................................................................................................................ 29 



  Nut Tree Airport Utility Master Plan 

 Page 2 

LIST OF FIGURES 

FIGURE 1A – AIRPORT LOCATION MAP .............................................................................................. 4 

FIGURE 1B – VICINITY MAP ................................................................................................................... 5 

FIGURE 2 – SITE PLAN / EXISTING UTILITIES .................................................................................... 7 

FIGURE 3A – ABP: AERONAUTICAL DEVELOPMENT AREAS ......................................................... 9 

FIGURE 3B – ABP: ANCILLARY DEVELOPMENT AREAS ............................................................... 10 

FIGURE 3C – AIPORT LAYOUT PLAN (Src: Mead and Hunt) ............................................................. 11 

FIGURE 4 – PROPOSED WATER MASTER PLAN ............................................................................... 18 

FIGURE 5 – PROPOSED SANITARY SEWER PLAN ............................................................................ 24 

FIGURE 6A – STORM DRAINAGE AREA ............................................................................................. 28 

FIGURE 6B – MASTER STORM DRAIN PLAN .................................................................................... 29 

TABLE 1 – PEAK HR AND MAX DAY DEMAND 

APPENDICES 

APPENDIX A – PROPOSED WATER PLAN MODEL AND SIMULATION RESULTS 
APPENDIX B – EXSISING FIRE FLOW MODEL AND SIMULATION RESULTS 
APPENDIX C – FIRE FLOW REPORT 
APPENDIX D – CITY OF VACAVILLE RESOLUTION NUMBER 1998-152 
APPENDIX E – SEWER CALCULATIONS 
APPENDIX F – STORM DRAIN CALCULATIONS 
APPENDIX G – CITY OF VACAVILLE NTA SEWER CAPACITY ALLOCATION 
APPENDIX H – CONCEPTUAL COST ESTIMATES 



  Nut Tree Airport Utility Master Plan 

 Page 3 

INTRODUCTION 

The Nut Tree Airport (Airport) is a general aviation airfield and a part of the National Plan of Integrated 
Airport Systems (NPIAS). The Airport is located roughly halfway between San Francisco and Sacramento 
in Vacaville, CA. The Airport is located on the I-80 corridor at the I-505 terminus and has easy freeway 
access. (See Figure 1A) Vacaville and the Airport are stopping points for travelers visiting the SF Bay Area, 
the Napa Valley, the State Capitol and Lake Tahoe. Due to south/south-west air currents, the Airport is 
located within a locally known micro-climate between the SF Bay Area marine environment and the 
California Central Valley region. The Airport boasts only a limited number of flight days each year that are 
obscured by weather. 

The Airport property consists of 286 acres and is home to approximately 169 based aircraft and 116 aircraft 
hangars that total 288,150 square feet of floor area. Eleven businesses currently operate on the Airport 
employing 32 people. The Airport’s single 4,700-foot-long runway can accommodate a variety of aircraft 
from single and multi-engine to small and medium sized business jets. 

This Utility Master Plan (UMP) describes the existing airport and pertinent surrounding infrastructure, 
including existing and future water, sanitary sewer, and storm drainage. The land use for the UMP is based 
on the following references: 

 Airport Layout Plan (ALP) prepared by Mead & Hunt, dated June 2013
 Nut Tree Airport Master Plan (AMP)
 City of Vacaville Northeast Sector Sewer Master Plan dated May 2013
 Nut Tree Airport Business Plan (ABP) prepared and adopted by Solano County dated September

2015.

The proposed recommendations in this UMP assume projected growth to take place through 2025 (Fiscal 
Year 2025/2026) and considers the minimum utility requirements to meet the Airport’s anticipated future 
growth and demand.  This matches the forecasting timelines in the ABP.  All capital and construction 
estimates cited in this report assume 2018 costs.   

Condition assessments of existing utilities were not performed.  Where information may be limited in terms 
of storm, sewer, and water systems, reasonable assumptions have been made for this study.  This report is 
intended as a master-level planning document, and not intended for construction.   
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 Figure 1A – Airport Location Map (Source: Vacaville 2102 AMP) 
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Figure 1B – Airport Vicinity Map (Source: Vacaville 2102 AMP) 
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EXECUTIVE SUMMARY 

Water - Domestic and Fire Protection 

Currently, water service is provided by the City of Vacaville (City) via an existing 18-inch line from Monte 

Vista Avenue, with reduction to a 12-inch water main line. (See Figure 2) The City of Vacaville’s water 

demarcation is located via Double Check Detector Assembly (DCDA) on Airport Rd approx. 630 feet NW 

of the intersection of Airport Rd and E Monte Vista Ave. 

Existing domestic and fire protection water supply serve the portion of the Airport labeled as “South Area.” 

The airport extended the 18-inch water main across Pine Tree Creek to the west side of the creek.   

Existing 12 and 18-inch water mains continue along East Monte Vista Avenue with proposed loops to the 

“North” and “Far North” Areas.   

Additional new water lines ranging in size from 8-inches to 12-inches are recommended to service each of 

the proposed improvement areas and future phases at Nut Tree Airport.  Improvements to the existing Water 

system are estimated to cost $2,536,687. 

Sanitary Sewer 

There is an existing sewer line which serves Buildings A, B, and C (see Figure 5).  Building D (Solano 

Community College) is on an independent septic tank system.  Due to an independent contracting 

arrangement in place, this septic system is assumed to remain external from systemwide sewer 

requirements.  Other existing hangar buildings located within the South Area are currently served by the 

existing sewer line.   

There is currently one sanitary sewer line serving the airport that is tied into the City's sanitary sewer system. 

The Airport is allocated a total sewer flow disposal allocation of 97,660 gallons per day. According to the 

Airport Business Plan, it is estimated that the Airport is currently producing approximately 3,500 gallons 

of sewer flow per day based on City utility bills and domestic consumption rates by the airport.  The Airport 

forecasts a growth based on the potential expansion areas in this plan to 35,000 gallons of sewer flow per 

day. 

To meet these needs, approximately 3,000 feet of 10-inch PVC pipe, 8 manholes, and a lift station will need 

to be installed.  Note that per the calculations, 6” was determined to be a minimum, but 8” and 10” are 

called out on Figure 5 due to unknown plans for the Ancillary areas.  The total cost for Sewer improvements 

are estimated at $409,807.   

Storm Drainage 

The existing storm drain system consists of a series of various sized pipes that currently drain into adjacent 

creeks and a detention basin. 

Several Storm drainage lines are located on the airport property that serve all existing improved areas of 

the airport. Storm drain improvements will be made as necessary to accommodate new construction and 

development.  To account for the proposed airport improvements, reinforced concrete pipe (RCP) ranging 

in size from 12”-30” will be required.  In addition, approximately 15 new catch basins will be required to 

serve as drainage inlets and junction points.  See Figures 6A and 6B for storm drain improvements.  Total 

cost for storm drain improvements is estimated at $470,511.  
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PROJECT BACKGROUND 

On June 23, 2016, Kitchell performed a visual field survey for the project.  As part of this survey, fire 

hydrants, sewer manholes, and storm drain line locations were verified.  It was also confirmed that Building 

D (Solano Community College) ties into an existing septic tank system.  Refer to Figure 2 for a layout of 

the existing utilities. 

On March 19, 2018, Airport enlisted Marquee Fire Protection to perform onsite services to record flow 

rates at three fire hydrants.  This information was used to validate the available existing water supply and 

as reference information for the water distribution modeling and analysis.  In addition to verifying flow at 

one of the major water branches was also provided to the project team who, at the time of the writing of 

this report, was preparing construction documents for Phase 2.  The fire hydrant flow data report is included 

as Appendix C. 

The Airport has four distinctive areas of improvement listed from Southern-most area to Northern-most: 

1- South Area - The area south of County Airport road

2- Mid North Area - The area between Horse Creek on the north and County Airport road on the

south

3- North Area – The area north of Horse Creek; and

4- Far North Area – The area adjacent to the intersection of Piper Drive and East Monte Vista

Avenue.

For the purpose of this UMP, the improvements were split into the above respective areas. Each of the areas 

reflects the “Development Phases” or Areas as identified in the ABP and AMP. Figures 3A and 3B are 

excerpts from the ABP and show the Aeronautical Development Phases and the Ancillary Development 

Areas. Figure 3C is an excerpt from the Airport Layout Plan prepared by Mead and Hunt which references 

airport-related technical and strategic layout objectives.  The requirements referenced in this UMP assume 

additional infrastructure costs.  An exhaustive review of facilities which requiring demolition was not 

assumed for the purposes of this UMP; however, costs for new conduits includes an allowance for 

cut/patching in its unit pricing.  See Appendix H (Conceptual Cost Estimate). 
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Figure 3A.  Source: NTA Airport Business Plan, September 2015 
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Figure 3B.  Source: NTA Airport Business Plan, September 2015

As described and depicted in the ABP, Aeronautical Development Phases 1 – 6 are comprised of 
aeronautical hangar uses. Ancillary Development Areas 1 – 4 are comprised of Commercial and Light-
Industrial uses. Figure 3C, the Airport Layout Plan as prepared by Mead & Hunt, is the plan view of the 
Airport Master Plan and reflects the Airport’s development locations and uses.     



jdey
Text Box
FIGURE 3C - NUT TREE AIRPORT - AIRPORT LAYOUT PLAN (PREPARED BY MEAD & HUNT)
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WATER MAIN SYSTEM  

BACKGROUND 

The City of Vacaville (City) presently provides water to the Airport via 18-inch water line located on 
Airport Road.  This is fed from an 18-inch line on East Monte Vista Ave.  The Airport is located within the 
City pressure zone 1 that is supplies water from the Butcher, Buck and Brown Valley reservoirs at elevations 
291 feet to 324 feet that give a static pressure of 85 to 95 psi at the Airport site.  City maintains the 18-inch 
water main within Airport Road from the intersection of East Monte Vista Avenue to a 10-inch double 
detector check valve located in the NW corner of the first street intersection north and adjacent to Pine Tree 
Creek.  From this point the water main (see Figure 2) reduces to a 12-inch line that continues to the end of 
Airport Road that provides water service to existing Buildings A, B, C, and to two 8-inch water branches 
that supply water to all the existing airport hangers and fire hydrants within the airport site. 

The existing Airport site is fairly flat at average elevation of 117 feet. Topography and water layout 
information was provided by the Solano County Public Works Department and a Waterline Installation 
Plan & Profile drawing prepared by Mead & Hunt (Construction Drawings Nut Tree Airport, July 2006) 
Consulting Engineers of the installation of the water lines within Airport Road.  From this a utility survey 
file (showing the horizontal location and minimal vertical information) was prepared and field survey 
information was collected to determine the approximate location of existing water mains and water services 
within the Airport site. 

The  Airport’s existing water system plan indicates that there are two existing 8-inch and one 12-inch branch 
water lines that extend from the this City-maintained 18-inch water main.  Two 8-inch water lines create 
looping water line system that surround a cluster of existing aircraft hangers located in both the mid-north 
and the south areas.  The 12-inch water line extends northwest to the end of Airport Road that provides 
water service to Buildings A, C, and the helicopter terminal.   

Adjacent to this 12-inch water line in Airport Road is a 4-inch irrigation line and 8-inch water service line 
that reduces to a 2-inch line to provide water to the helicopter terminal located north east section of the 
Airport close to horse creek.  Both to these lines are connected to 2-inch water meters and check valves 
adjacent to the existing 10-inch double detector check assembly previously discussed.  The airport presently 
has a total of 14 fire hydrants, seven water services, ranging from 5/8-inch to 8-inch meters making a total 
domestic peak hour demand of approximately 14 gallons per minute. All existing buildings A, B, and C do 
not have fire sprinkler systems and are therefore not connected to the existing water lines 

DESIGN CRITERIA 

Listed below are the various design criteria used to evaluate and analyze the existing and proposed airport 
water system.   The design criteria are referenced from the 1990 Water Master Plan, City of Vacaville.  
Chapter 4 states the following criteria shall be used for the design and analysis of water lines (p4-1). The 
recommend criteria are based on the following conditions: 

 The low water level in Zone 1 reservoirs is assumed as 300 feet (although certain reservoirs
extend down to approximately 292 feet. Therefore the maximum recommended building pad
elevation in zone 1 is 220 feet.
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 The high water level in Zone 1 reservoir is 324 feet. Therefore the minimum recommend building
pad elevation is 120 feet. Certain areas (like the nut tree airport) in Zone 1 are currently
developed at elevations below 120 feet, and high pressure are economically, so pressure reducing
devices are needed to mitigate the high pressures.

Minimum condition for fire protection planning and analysis (p 4-2).  In testing the fire distribution 
system, the following two sets of criteria shall be analyzed: 

 Test 1:
 Fire flow at the most critical point in the distribution system plus fire flow based on

maximum day water demand
 A residual pressure of 20 psi
 The most critical component of the water system is out of service.
 In Zone 1, The water level in all reservoirs is 305 feet.  In all other zones the water level is

equal to that with all operational emergency volumes depleted.
 Peak hour water demand

 Test 2:
 Peak hour water demand
 A residual pressure of 30 psi
 The most critical component of the water system is out of service
 In Zone 1, the water level in all reservoirs is 305 feet. In all other zones the water level is

equal to that with the operational and emergency volumes depleted

Minimum fire Flow (p4-3):  The fire flows shown in Table 4-1 were used to plan and analyze the new 
distribution system.  Table 4-1, provides fire flow demands based on the following building uses:  

 High Density Residential, Industrial and Commercial building use requires 4,500 gallons per
minute (gpm).  Medium density Residential and Schools requires 3,000 gpm

 Single Family residential building requires 1,500 gpm
 Since buildings A, B and C are used for office commercial purposes they were given minimum fire

flow requirements of 4,500 gpm.
 For building and use areas with normal (Airport use) low occupancy, or where the final building

use is not specified or is unknown, a fire flow demand of 1,500 gpm was used. (See California State
Fire Code below).

Projected Water demand is based on existing and proposed land use of the airport by the City of Vacaville. 
City of Vacaville 1990, Figure 2-1 shows that the Airport has a land use designation “P” that represents 
“other Public land Uses” and Table 2-1 provides the following information:    

 P = Other public land uses (shown airport area map) generates 500 gpm/ac
 GC ,OP = General Commercial and office Professional generates 1,400 gpm/ac
 Since Buildings A and B are currently used as professional offices, a land use rate of 1,400 gmp/ac

was used to determine average day demand in these areas within the airport.  The City of Vacaville
landuse map shows the aircraft hanger buildings land use rate of 500 gpm/ac is to be used to
generate average day demands of the rest of the airport area.

 At the time of this report, Phase II was entering a design phase.  The proposed buildings will include
fire sprinkler systems.  The requirements per 2016 California Fire Code is 2500 gpm (maximum
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without reductions) and fed from the center water loop shown in the Mid-North area.  Field 
measurements exceeded this value. 

 From Table 2 of the 2012 Nut Tree Business Plan provides the designated, timing and acreage of
anticipated development within the airport area. According to the City of Vacaville 1990 master
plan, (p3-3) the hour peaking factor of 4.0 is recommended or 4 times the average day flow to
determine the peak hour water demand in the design and analysis the water system.  To determine
maximum day demand (or gallons per day; gpd) a peaking factor of 2.0 is recommended or 2 times
the average day flow to determine the maximum day demand with the fire flow. The peak hour
demand and maximum day plus fire flows demands are shown Table 1 and used to evaluate the
existing and proposed water system.

California Fire Code.  

 Per 2016 California Fire Code Table B105.1(2), fire flow demand for Type IIB and IIIB buildings
between 0-5,900 square feet is 1,500 gpm.  This is the value assumed for areas where aircraft
storage hangars will be constructed.

 Specific sprinkler systems sizing for all locations will be determined by the future designers and
coordinated with NTA.

Fire hydrant flow tests.  

A fire flow analysis has been performed on the Nut Tree Water at the Mid North Area 8” water loop.  Should 
existing or future buildings require fire sprinkler systems, further analysis of the water system with precise 
sprinkler design data will be required by the future Architect or Engineer of Record. 

 Three Fire hydrant tests within the Airport facility for fire flow were provided by Marquee Fire
Protection.  See Appendix C for Marquee Fire Protection report dated March 21, 2018.  The
results are included in the Water System Calculations “Fire Flow-Overall (Fully Developed)
Condition” section.

 Flow Test 1 produced a calculated flow of 8397.6 gpm @ 20 PSI.  This test involved
(2)-2-1/2” outlets flowing at a measured rate of 2523 gpm.

 Flow Test 2 produced a calculated flow of 3257.3 gpm @ 20 PSI.  This test involved
(2)-2-1/2” outlets flowing at a measured rate of 1985 gpm.

 Flow Test 3 produced a calculated flow of 3182.6 gpm @ 20 PSI.  This test involved
(2)-2-1/2” outlets flowing at a measured rate of 2042 gpm.

Additional Criteria 

 The maximum distance assumed between fire hydrants is 300 feet.  This can be relaxed by the
future designers of record per applicable codes and standards.

 Fire flow requirements may be reduced by an allowable percentage per CFC where applicable.
This is not assumed for the purposes of future water planning.
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 Hazen Williams "C" values are determined based on known, assumed, or proposed pipe
materials and include:

C-Value Material 
90 Steel Pipe (Existing) 

140 Steel Pipe (Proposed) 
130 Ductile Iron Pipe 
150 PVC Pipe 

SYSTEM ASSESSMENT 

The Nut Tree Airport will continue to incorporate the use of a variety of building types, including an 
administration building, corporate hangars, T-Hangars, offices, and commercial and light-industrial uses.  
In order to meet life safety demands for the varying types of buildings utilized at the Nut Tree Airport, two 
different scenarios must be met. The first system requirement is meeting maximum day demand plus fire 
flow while maintaining a system pressure of 20 psi. In areas where aircraft storage hangars are constructed, 
a fire flow demand of 1,500 gpm was utilized to meet the requirements of the 2016 California Fire Code. 
In areas where higher occupancy commercial buildings are located or be located in the future phases; or 
where the final building type is unknown, (such as the Ancillary Areas), a maximum day plus fire flow 
demand of 4,500 gpm was utilized to comply with the requirements of the City 1990 Water Master Plan. 

According to the Nut Tree ABP the total development area for calculating demand is 49.84 acres.   Based 
on the projected total building use, an average demand of 18,886 gpd was determined. Assuming a peak 
hour factor of 4 this created a total of 92,932 gpd (at 20 PSI) at total build out of the airport site for each 
phase shown in Table 1 below.  
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The first column “Phase” reflects the development or ancillary phases referenced on Figure 2 and other 
Figures with the NTA sites shown. 

Using a peak day factor of 2 creates a max day demand 92,932 gpd for the entire water system. Using a 
fireflow of 1500 gpd for hangers and 4,500 gpd for commercial buildings the total max day demand and 
fire flow will be 68,044 gpd. In comparing the peak hour demand (Test 1) and maximum day plus fire flow 
demand (test2), the peak hour demand governs in most cases.    

The water system and master planned improvements have been analyzed and designed utilizing Water CAD 
Software by Bentley Systems.  Appendix A provided a map of the proposed water layout site model and 
technical results.  Appendix B provides the same for the current existing condition.  In general, the proposed 
water sizing reflects the recommendations presented in Figure 4. 

RECOMMENDATIONS 

The recommended water system improvements to meet fire protection requirements are divided into water 
loop systems as shown on Figure 4.  Proposed loops will bring the existing water system into compliance 
with listed above criteria. Generally, with each phase of future development, an 8-inch looping water line 
with fire hydrants constructed every 300 feet that surround future phases will be required to be compliant 
with domestic demand and fire protection standards.  Loops shall be provided by all future development or 
as indicated by NTA.  

With the construction of additional building facilities, new fire sprinker waterline connections will be 
required to service these buildings. If existing buildings A, B, and C are required to be sprinklered in the 
future, the proposed improvements shown on Figure 4 would also satisfy water demands to these existing 

TABLE 1:  Peak Hour and Max Day Demand  plus fire flow Calcs

Phase Year AC Building Type

Demand 

Factor (1)

 Total 

Average 

Demand 

Peak hr 

factor

(5)

Peak hr Demand 

per area (7)

Est. 

Nodes

/FH

Peak hr 

per 

hydrant

Peak Day 

factor 

(5)

Max day 

demand 

per area

Max day 

demand 

per FH

Fire flow 

(4),(5)

Max day + fire 

flow 

gpd/ac gpd gpd gph gpd gpd gph gpd

1 2016 5.1 T and Box Hangers 500 2,550 4 10,200 6 1,700 2 5,100 850 1,500 2,350

2 2019 1.6 T‐Hangers (6) 500 800 4 3,200 4 800 2 1,600 400 1,500 1,900

3 2022 4.1 T‐Hangers 500 2,050 4 8,200 4 2,050 2 4,100 1,025 1,500 2,525

4 2022 2.4 Box(3) 500 1,200 4 4,800 4 1,200 2 2,400 600 4,500 5,100

5 2026 6.1 T and Box Hangers 500 3,050 4 12,200 6 2,033 2 6,100 1,017 1,500 2,517

6 2030 6.6 T and Box Hangers 500 3,300 4 13,200 6 2,200 2 6,600 1,100 1,500 2,600

A 2018 0.37 Lg. Box(3) 1,400 518 4 2,072 1 2,072 2 1,036 1,036 4,500 5,536

B 2020 0.67 Lg. Box (3) 1,400 938 4 3,752 2 1,876 2 1,876 938 4,500 5,438

C 2023 2.1 Box (3) 1,400 2,940 4 11,760 2 5,880 2 5,880 2,940 4,500 7,440

A1
2017

1.1

Airport building Rehab/ 

Expansion 1,400 1,540 4 6,160 3 2,053 2 3,080 1,027 4,500 5,527

1 2021 1.8 Professional office 1,400 2,520 4 10,080 4 2,520 2 5,040 1,260 4,500 5,760

2 2018 9.3 Commerical / Light Ind 1,400 13,020 4 52,080 8 6,510 2 26,040 3,255 4,500 7,755

3 2022 6.1 Commerical / Light Ind 1,400 8,540 4 34,160 6 5,693 2 17,080 2,847 4,500 7,347

4 2022 2.5 Commerical / Light Ind 1,400 3,500 4 14,000 4 3,500 2 7,000 1,750 4,500 6,250

Total 49.84 18,886   185864 at 30 psi 92,932 68044 at 20 psi

Footnotes:

(1) Airport land use (P= Other Public Land Use) see Table 2‐1 land uses in Vacaville 1990 water master plan

(2) Nut Tree Airport Business Plan

(3) Office Professional , Commerical Service, general commercial, recreational commercial land use

(4)

(5)

(6)

(7) Test 2 stipulates 30 PSI per 1990 Water System Master Plan, City of Vacaville, CA.

Sprinklered buildings assume a max 2500 gpm per CFC.  Appendix A references over 3,000 gpm available.

200 GPM per Vacaville Fire Protection District

MAX DAY WATER DEMAND [TEST 1] (20 PSI)PEAK HOUR WATER DEMAND [TEST 2] (30 PSI)

450 GPM per 1990 Water System Master Plan, City of Vacaville, CA.
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buildings.  In order to reduce costs, a system was designed that would incorporate the use of existing lines 
as much as practicable.  Through the modeling the existing and new water system, it was determined that 
most of the existing pipes could remain in place, except the 8-inch water lines  between building B and C 
and 8-inch line to building D need to be upsized to 12-inch line.   

Within each loop of each design area, it was found that one pipe segment controls the size of all other pipes 
within the loop.  This governing pipe must meet the City’s minimum fire flow plus max day or peak hour 
demand requirements.  All other pipes within that particular loop may need to be sized either equal to, or 
larger than the governing pipe.   

To meet these peak hour and max day plus fire flows for each phase and for the fully developed airport 
site, the following recommendations are required:  

South Area 

New development within Phase 1 located in the South Area will require a 12-inch water line from the 
connection of the 12-inch water line in Airport Road to the 8-inch looped system surrounding the cluster of 
existing 12 aircraft hangers.. A second 8-inch water line connection from existing 12-inch water line in 
Airport road to the surrounding 8-inch looped line of phase 1 will be also be required with 6 additional fire 
hydrants spaced 300 feet apart (See Figure 4). 

Existing development within the South Area is currently served with an single 8-inch water line.  From the 
12-inch main in Airport Road to the looping 8-inch water line around the existing hangers. As stated above,
this line will need to be upsized to a 12-inch, in order to serve a new sprinkler connection to building C or
any new development within the South Area. This  new 12-inch service line could be reduced to  as
necessary if a second connection to Airport Road is made and more specific building use, water demand
and fire flow data is available and the water system modeled and checked for adequate capacity and flow.
This new 12-inch water line   that connects the existing 8-inch looping water line serving existing 12 hangars
within the South Area will improve water flow, pressure and hydrant flow of this existing looping 8-inch
water line.

Mid-North Area 

The Mid-North Area is currently served by a single 8-inch water line from the existing 12-inch water main 
in Airport Road to a 8-inch loop water system that feeds the various  new fire hydrants surrounding the 
existing hangers and new hangers. This single 8-inch line that connects to the existing 8-inch looping water 
main through the Mid-North Area will need to be up sized to a 12-inch line when development occurs in 
phase C, phases 2 and 3. To upgrade and improve the existing fire service to surrounding the existing 
handers 6 additional fire hydrants are assumed to be installed at 300 feet spacings from the existing fire 
hydrants. As shown on Figure 4, 8-inch and 12-inch water lines shall be installed to connect all the installed 
fire hydrants and strengthen the existing system.      

Additional development within the Mid-North Area shown as phases A1, B, 2 ancillary Development 1 
will require installation of a 12” water line from the existing 12-inch line in Airport Road to a new looping 
8-inch water line to Phases C and 2.  The addition of this new 12-inch and 8-inch looping water lines with
in the Mid-North Hangar water main area will bring the fire protection level up to the minimum fire flow
required by the City. With development of phase 3 will be the installation 4- 5 fire hydrants and of a looping
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8-inch water surrounding this new phase 3 development.  With the construction of all new lines include the
installation of fire hydrants at an assumed maximum spacing of 300’, to meet current code requirements.

North Area 

Development of phases 5, 6 and ancillary development area 2 in the North Hangar area will require the 
installation of 19 fire hydrants and a water loop surrounding each of the respective phases with 8”-12” water 
lines, as shown in Figure 4.  This water main line loop will connect to the existing 18-inchwater main 
located in East Monte Vista Avenue in two places. With development of phase 5 a looping 8-inch water 
line surrounding the development with a single 12 water line connection to the existing City 18-inch water 
line in East Monte Vista Avenue will be required. With the development phase 6 another 8-inch looping 
water line surrounding the phase 6 development will be required. With the development of ancillary 
development 2 a second 12-inch connection to the existing 18-inch water line in East Monte Vista Avenue 
will be required.  

Far North Area 

The development of the Far North Area will require the installation of 11 fire hydrants and a looping 8-inch 
water lines surrounding the development, in order to meet fire flow and water demand requirements.  The 
proposed connection of the 8-inch loop is to the existing 12-inch water main located in East Monte Vista 
Avenue. Depending on the building use and fire demand a second connection from the existing 12’ water 
main in East Monte Vista and the interior 8-inch looping water lines may be required at full buildout.   
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ESTIMATED COSTS (2018 Dollars) – Water 

A preliminary cost analysis has been completed for the proposed improvements listed above and is 
summarized in Table 1, below for each major area.  Please note that demolition of existing structures is not 
included. 

Table 1 – Water Main System Infrastructure 

*Estimates are as of July 1, 2018 and include allowances for cut/patch-related demolition.

Construction Phase Description Cost 
South Area Pipes ranging in size from 8”-12” will need to be 

installed.  Installation will also include 6 new 
hydrants at a maximum spacing of 300’. 

$401,336 

Mid-North Area Pipes ranging in size from 8”-12” will need to be 
installed.  Installation will also include 19 new 
hydrants at a maximum spacing of 300’. 

$841,394 

North Area Pipes ranging in size from 8”-12” will need to be 
installed along with two connections to existing City 
system.  Installation will also include 18 new 
hydrants at a maximum spacing of 300’. 

$842,201 

Far North Area 8” Pipes installed with a second connection to 
existing City water main will need to be installed.  
Installation will also include 11 new hydrants at a 
maximum spacing of 300’. 

$451,755 

Total $2,536,687 
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SANITARY SEWER SYSTEM 

BACKGROUND 

According to the City's as-built drawings, Nut Tree Trunk Sewer Project, dated May 16, 2006, there is an 
8-inch sanitary sewer main that ties into the City’s system in Nut Tree Road.  The system extends north
across Pine Tree Creek to County Airport Road near Building B and provides service to Buildings A, B and
C, as well as to the existing corporate hangars located within the South Area.  Building D (Solano
Community College) is on an independent septic tank system.  Due to an independent contracting
arrangement in place, this septic system is assumed to remain external from systemwide sewer
requirements.1  Refer to Figure 5 for a map of the proposed sanitary sewer plan.

The Airport was originally allocated 20,000 gallons per day for disposal into the City’s sanitary sewer 
system as identified in the 1998 Northeast Sector Sewer Master Plan.  Since the adoption of the Northeast 
Sector Sewer Master Plan by the City of Vacaville, 39 acres of non-airport property were purchased by the 
County and added to the Airport. The City has confirmed that the subject additional properties include a 
sewer allocation within the Northeast Sector Sewer Master Plan in the amount of 78,000 gallons per day. 

On a separate line, the East Monte Vista Trunk Sewer Benefit District expanded the sewer main north along 
East Monte Vista Avenue by replacing the Pine Tree Sanitary Sewer Lift Station with the Horse Creek 
Sanitary Sewer Lift Station.  In 1979 the NTA was granted 200 gpd “Historical Use” in exchange for the 
Sanitary Sewer Lift Station Easement.  The district extended a gravity trunk main to the north of the Horse 
Creek Lift Station.  The Horse Creek Lift Station force main to the south ties into the gravity system just 
south of Pine Tree Creek road crossing. 

DESIGN CRITERIA 

The following criteria were used in designing the future sanitary sewer system: City of Vacaville 
Standard Specifications and Drawings: 

• Average Dry Weather Sanitary Sewer Allowable Flow is based on City master plan design demand
of 2,000 gallons per day for existing areas served by the existing sewer main connecting into Nut
Tree Road (Buildings A, B, and C and the corporate hangars within the South Area).

• Average Dry Weather Sanitary Sewer Allowable Flow is based on City master plan design demand
of 2,000 gallons per day per acre for other vacant areas in the airport to a maximum allowable flow
of 97,660 gallons per day (Airport Service Area of the East Monte Vista Sewer Benefit District).

• Peak dry weather factor is 2.5 times the average dry weather flow.

• Infiltration factor (I) is 1,000 gallons per day per acre.

• Pipe velocity minimum required to be 2 fps at design flow conditions.

1 Permit information for septic systems maintained by Solano County can be obtained by contacting the Dept. of 
Resource Management at 707.786.6763. 
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• New 8-inch sanitary sewer collector mains to provide a design slope of 0.0035 ft/ft.

• New 6-inch commercial sanitary service lines to provide a design slope of 0.0035 ft/ft.

• Minimum sanitary sewer line cover is 6 feet at manholes and 3 feet at the building clean outs.

• The NTA’s current sewer capacity remains at 200 gpd as the NTA has not purchased any additional
capacity at the time of this report.  Remaining available sewer capacity allocation for purchase by
the NTA is 19,800 gpd.  With the NTA’s adjacent property purchases (Parcel Acquisitions) since
1998, the sewer capacity allocation associated with each of the purchased parcels has an
accumulative sewer capacity (sum) of 77,860 gpd.  See

• No parcel’s sewer capacity can be reduced below the min. 2,000 gpd per ac allocation noted in the
1998 Northwest Sector Sewer Master Plan.  See Appendix G (NTA Sewer Capacity Allocation).2

SYSTEM ASSESSMENT 

To determine the sewer needs of the Nut Tree Airport, the existing 8-inch Vitrified Clay Pipe (VCP) line 
was analyzed to verify its capacity and see if it could accommodate the flows that would be generated by 
future airport development.  To verify capacity, two different methods were used. 

The more conservative of the two resulted in a capacity of 330,000 gallons per day (gpd)3.  The first method 
utilized the City of Vacaville Sewer Design Standards and resulted in flows of approximately 93,000 gpd.  
The second utilized the number of restrooms, both existing and proposed (using a calculated average sewer 
generation rate of 300 gpd/restroom); and the size of the proposed T and Box hangars that would be 
constructed during Development Phase 1 (using a sewage generation rate of 1,500 gpd/Acre) and resulted 
in flows of approximately 7,200 gpd.  Both the 93,000 gpd and the 7,200 gpd were compared to the capacity 
of the 8-inch VCP line and it was determined that the existing 8-inch VCP line could accommodate the 
increased demands generated by future Airport improvements in the South Area. 

The existing 8-inch Nut Tree Road sanitary sewer main on the west side of Pine Tree Creek is currently the 
only public system that serves the airport.   

The recommended sewer system improvements to meet current and future demand loads are shown on 
Figure 5, Proposed Sanitary Sewer Plan. It was determined that the existing 8-inch line is sufficient to 
handle the additional flows generated by the proposed airport improvements in the South Area and the 
additional limited service for Aeronautical Phase A1 and B, and Ancillary Area 1. 

Due to the purchase of additional property and the associated increase of allowable flow by 78,000 gpd to 
97,660 gpd, the forecasted increase of flows to the City’s system will not exceed allowable limits; however, 
given the geographical location and separation of the North Area and the Far North Area, additional new 

2 Source: City of Vacaville 
3 City of Vacaville Sewer Design Stds; Appendix G, Table DS 6‐2 at 0.0035 ft/ft slope. 
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points of connection to the City’s system will be more practical and necessary for these two development 
areas.    

Two tie-in locations along East Monte Vista Avenue are presented here.  The first point of connection is 
sanitary sewer manhole number 4 (SSMH #4), which is located just south of the Pine Tree Creek crossing 
at East Monte Vista Avenue. No service connection is proposed at this SSMH.    

The second service connection point is at sanitary sewer manhole number 5 (SSMH #5), just north of the 
Horse Creek Sanitary Sewer Lift Station.  This service point can serve the local area for the Mid-North 
Area south of Horse Creek.  The connection point for Ancillary Area 2 within the North Area, located north 
Horse Creek, is to an existing 8-inch stub-out that connects to the 27-inch sanitary sewer main located in 
East Monte Vista Avenue. Any service point exceeding 1,500 feet from this service manhole may require 
the installation of a sewer lift station.  Lift stations are assumed to be owned, operated, and maintained by 
NTA. 

Refer to Appendix E (Sewer Calculations) and Appendix H (Conceptual Construction Estimate) for 
additional information. 
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RECOMMENDATIONS 

South Area 

To meet the needs of the South Area, approximately 500’ of 6-inch PVC pipe and installation of at least 
two (2) manholes two (2) cleanouts will be required.   

Mid-North Area 

For the Mid-North Area, approximately 275’ of 6-inch PVC and installation of at least two (2) manholes 
two (2) cleanouts will be required. 

North Area 

The North Area will require approximately 1150’ of 8-inch PVC with installation of three (3) manholes 
and two (2) cleanouts.  An existing 8-inch provisionary stub up connection was identified by NTA as 
existing to the East Monte Vista Avenue 27-inch main.4  An allocation of one (1) lift station is included in 
the budget for this area.  

Far North Area 

The Far North Area will require approximately 350’ of 8-inch PVC with installation of three (3) manholes 
and two (2) cleanouts.  An existing 8-inch provisionary stub-up connection to the City of Vacaville’s sewer 
system is known to exist.4   

4 Source: City of Vacaville Nut Tree UMP Draft Review. 
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ESTIMATED COSTS (2018 Dollars) – Sanitary Sewer 
A preliminary cost analysis has been completed for the proposed improvements listed above.  A summary 
of costs is presented in Tables 2 and 3, below.  Please note that demolition of any existing structures is not 
included. 

Table 2 – Service Connection Fee-East Monte Vista Sewer District 

Assessor's Parcel 

Number 

Service Area 

(Acres) 
  Cost per Gross Acre 

Tots/ 
Cost 

129-240-200 4.0 $2,800* $11,200 
129-240-900 6.0 $2,800* $16,800 
129-210-100 - $2,800** - 

Total . - $28,000 
* East Monte Vista Sewer Benefit Distnct-Resolution No. 1998-152 
**Existing 8-inch (Nut Tree Road) has capacity. No fees or capacity issues are reported for the 8” line.
Estimates are as of July 1, 2018 and include allowances for cut/patch-related demolition.

Table 3 – Sewer System Infrastructure 

Construction Phase Description Cost 
South Area Install approximately 350’ of 6” 

PVC Pipe and 1 manhole.
$62,923

Mid-North Area Install approximately 300’ of 6” 
PVC Pipe and 3 manholes. 

$45,982 

North Area Install approximately 1300’ of 6” 
PVC Pipe and 3 manholes. 

$158,518 

Far North Area Install approximately 400’ of 6” 
PVC Pipe and 1 manhole. 

$61,713 

Lift Station Install lift station. $80,671 
Total - $409,807 

NOTE: Costs are approximate and are based on probable improvements.  It is anticipated that at least one lift 
station will be required to serve the property.   

Estimates are as of July 1, 2018 and include allowances for cut/patch-related demolition. 
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STORM DRAINAGE SYSTEM  

BACKGROUND 

The existing Nut Tree Airport storm drain lines consist of a series of 12-inch, 18-inch, and 24-inch pipes 
that currently drain into Pine Tree Creek, Horse Creek, and a detention basin north of RWY 20.  Depending 
on the facility, storm drain maintenance is provided by the Airport, the City of Vacaville and the Solano 
County Water Agency.   

DESIGN CRITERIA 

The storm drain system and master planned improvements were analyzed and designed utilizing 
Autodesk Storm and Sanitary Analysis 2015.  Refer to Figure 6A (Storm Drainage Areas) and Figure 6B 
(Master Storm Drain Plan). 

The following criteria and assumptions were used in designing the future storm drain system (the demand 
flows are based on City of Vacaville requirements): 

• All existing storm water runoff from the grass area adjacent to Horse Creek currently flows into
the creek and not into the existing storm drain system.

• The existing storm drain system throughout the site is functioning and the pipes are sized to handle
the existing flow.

• Based on the City of Vacaville Storm Drain Design Standards (Section DS 4), an average I10 (10-
year storm) was utilized for the storm calculations. To determine the average I10, Figure 2-2, Figure
3-2 and Table 3-4B of the Solano County Water Agency (SCWA) Hydrology Manual were utilized.
An average Tc (time of concentration) was developed utilizing Figure 3-2 based on existing
conditions at the Nut Tree Airport.

• Calculation areas were based on potential projects causing changes from pervious areas to
impervious areas. Proposed projects that are planned on existing impervious areas were not
considered due to no change in runoff coefficients based on the existing storm drain system
functioning properly.

• The gray shaded area on Figure 6A identifies the existing impervious area, whereas the blue shaded
area is existing pervious area (grass) that will become impervious per the new projects, and utilize
the existing storm drains servicing the area.

SYSTEM ASSESSMENT 

The recommended storm drain system improvements to meet current and future demand loads are shown 
in Figure 6B.   

The proposed improvements to the airfield will result in increased impervious areas, which will increase 
the amount of storm water runoff from the site.  Due to the increases in runoff, portions of the existing 
system will need to be upgraded by increasing the size of the pipes. Additional lines will also need to be 
installed to handle the increased load.  Calculations are provided in Appendix F. 
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RECOMMENDATIONS 

• South Area

The South Area will require the installation of 12-inch or 24-inch pipes and catch basins.  Phase A-
14A will drain to Pine Tree creek, while Phase A-14B will connect into the existing storm drain
system via the SD-14B segment.

• Mid-North Area

The Mid-North Area will require the installation of pipes ranging in size from 15”-30” with catch
basins.  The pipes in the Mid-North Area Phases will drain directly into either Pine Tree Creek or
Horse Creek.

• North Area

The North Area will require the installation of 24-inch pipes.  The pipes in Phases A-16A and A-
16B will drain directly into Horse creek.

• Far North Area

The Far North Area will require the installation of an 18-inch pipe.  This pipe will connect to the
existing storm drain system in East Monte Vista avenue and will serve to drain Phase A-18.  There
are existing pipes in Phase A-17.  A connection to this system through the installation of a catch
basin will serve to drain this area.

The Airport also utilizes an existing detention basin located north of the end Runway 20 to
accommodate Runway 2-20 storm runoff.  The subject basin also accommodates storm flow runoff
from an adjoining commercial-light industrial area located west of the airport.  As the Airport
Master Plan and Airport Layout Plan do not show changes in the areas which drain to the existing
detention basin, it is assumed that no changes will need to be made to the basin.
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ESTIMATED COSTS (2018 Dollars) - Storm Drain 

A preliminary cost analysis has been completed for the proposed improvements listed above.  A summary 
of costs is presented in Table 4, below.  Please note that demolition of any existing structures is not included. 

Table 4 – Storm Drain System Infrastructure 

*Estimates are as of July 1, 2018 and include allowances for cut/patch-related demolition.

Construction Phase Description Cost 
South Area Install a combination of 12” and 24” RCP. 

Install 4 catch basins. 
$33,357 

Mid-North Area Install a combination of 15”, 18”, 21”, 
24”, 27”, and 30” RCP.  Install 16 catch 
basins. 

$377,740 

North Area Install approximately 125’ of 24” RCP.  
Install 3 catch basins. 

$40,335 

Far North Area Install approximately 65’ of 18” RCP. 
Install 2 catch basins. 

$19,079 

Total $470,511 
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APPENDIX A – PROPOSED WATER PLAN 
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Appendix A
Corresponding Model Data

Source: Bentley Systems Water CAD

Label Zone
Fire Flow 
Iterations

Satisfies Fire 
Flow 

Constraints?

Fire Flow 
(Needed) 
(gpm)

Fire Flow 
(Available) 
(gpm)

Flow (Total 
Needed) 
(gpm)

Flow (Total 
Available) 
(gpm)

Pressure 
(Residual 

Lower Limit) 
(psi)

Pressure 
(Calculated 

Residual) (psi)

Pressure 
(Zone Lower 
Limit) (psi)

Pressure 
(Calculated 
Zone Lower 
Limit) (psi)

Junction w/ 
Minimum 
Pressure 
(Zone)

Pressure 
(System 

Lower Limit) 
(psi)

Pressure 
(Calculated 

System Lower 
Limit) (psi)

Junction w/ 
Minimum 
Pressure 
(System)

Is Fire Flow 
Run 

Balanced?
H‐1 Zone ‐ 2 2 TRUE 1500 8000 1500 8000 30 47 30 56 J‐29 (N/A) 56 J‐29 TRUE
H‐3 Zone ‐ 2 4 TRUE 1500 4668 1500 4668 30 30 30 34 J‐8 (N/A) 34 J‐8 TRUE
H‐4 Zone ‐ 2 4 TRUE 1500 5987 1500 5987 30 30 30 35 J‐9 (N/A) 35 J‐9 TRUE
H‐5 Zone ‐ 2 3 TRUE 1500 3875 1500 3875 30 30 30 33 J‐10 (N/A) 33 J‐10 TRUE
H‐6 Zone ‐ 2 3 TRUE 1500 3846 1500 3846 30 30 30 33 J‐12 (N/A) 33 J‐12 TRUE
H‐7 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 37 30 46 J‐29 (N/A) 46 J‐29 TRUE
H‐10 Zone ‐ 2 3 TRUE 1500 3671 1500 3671 30 30 30 33 J‐26 (N/A) 33 J‐26 TRUE
H‐11 Zone ‐ 2 3 TRUE 1500 3345 1500 3345 30 30 30 32 J‐28 (N/A) 32 J‐28 TRUE
H‐12 Zone ‐ 2 3 TRUE 1500 3489 1500 3489 30 30 30 32 J‐30 (N/A) 32 J‐30 TRUE
H‐13 Zone ‐ 2 4 TRUE 1500 4188 1500 4188 30 30 30 33 J‐31 (N/A) 33 J‐31 TRUE
H‐14 Zone ‐ 2 3 TRUE 1500 3843 1500 3843 30 30 30 33 J‐32 (N/A) 33 J‐32 TRUE
H‐15 Zone ‐ 2 4 TRUE 1500 4431 1500 4431 30 30 30 34 J‐35 (N/A) 34 J‐35 TRUE
H‐25 Zone ‐ 2 3 TRUE 1500 1871 1500 1871 30 30 30 32 J‐63 (N/A) 32 J‐63 TRUE
H‐31 Zone ‐ 2 4 TRUE 1500 5847 1500 5847 30 30 30 36 J‐23 (N/A) 36 J‐23 TRUE
H‐49 Zone ‐ 2 3 TRUE 3000 5239 3000 5239 30 30 30 35 J‐106 (N/A) 33 H‐133 TRUE
H‐50 Zone ‐ 2 4 TRUE 1500 5564 1500 5564 30 30 30 39 J‐103 (N/A) 39 J‐103 TRUE
H‐51 Zone ‐ 2 3 TRUE 1500 4610 1500 4610 30 30 30 32 J‐106 (N/A) 32 J‐106 TRUE
H‐52 Zone ‐ 2 3 TRUE 1500 4516 1500 4516 30 30 30 32 J‐108 (N/A) 32 J‐108 TRUE
H‐53 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 32 30 37 J‐111 (N/A) 37 J‐111 TRUE
H‐54 Zone ‐ 2 3 TRUE 3000 5804 3000 5804 30 30 30 49 J‐29 (N/A) 49 J‐29 TRUE
H‐57 Zone ‐ 2 5 TRUE 1500 3123 1500 3123 30 31 30 30 H‐108 (N/A) 30 H‐108 TRUE
H‐58 Zone ‐ 2 4 TRUE 1500 2203 1500 2203 30 30 30 30 H‐25 (N/A) 30 H‐25 TRUE
H‐67 Zone ‐ 2 3 TRUE 1500 2292 1500 2292 30 30 30 33 H‐105 (N/A) 31 J‐218 TRUE
H‐69 Zone ‐ 3 6 TRUE 1500 5891 1500 5891 30 30 30 39 H‐70 (N/A) 39 H‐70 TRUE
H‐70 Zone ‐ 3 6 TRUE 1500 5785 1500 5785 30 30 30 43 H‐71 (N/A) 43 H‐71 TRUE
H‐71 Zone ‐ 3 6 TRUE 1500 5846 1500 5846 30 30 30 38 H‐70 (N/A) 38 H‐70 TRUE
H‐72 Zone ‐ 3 6 TRUE 1500 6021 1500 6021 30 30 30 38 H‐71 (N/A) 38 H‐71 TRUE
H‐73 Zone ‐ 3 6 TRUE 1500 6478 1500 6478 30 30 30 33 H‐72 (N/A) 33 H‐72 TRUE
H‐74 Zone ‐ 3 7 TRUE 1500 7989 1500 7989 30 30 30 33 H‐83 (N/A) 33 H‐83 TRUE
H‐75 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 76 30 76 H‐83 (N/A) 58 J‐29 TRUE
H‐76 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 81 30 80 H‐83 (N/A) 58 J‐29 TRUE
H‐77 Zone ‐ 3 4 TRUE 3000 7500 3000 7500 30 64 30 78 H‐78 (N/A) 58 J‐29 TRUE
H‐78 Zone ‐ 3 4 TRUE 3000 7500 3000 7500 30 65 30 78 H‐77 (N/A) 58 J‐29 TRUE
H‐79 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 84 30 82 H‐83 (N/A) 58 J‐29 TRUE
H‐81 Zone ‐ 3 4 TRUE 3000 7500 3000 7500 30 54 30 69 H‐82 (N/A) 58 J‐29 TRUE
H‐82 Zone ‐ 3 4 TRUE 3000 7500 3000 7500 30 53 30 69 H‐81 (N/A) 58 J‐29 TRUE
H‐83 Zone ‐ 3 6 TRUE 1500 6498 1500 6498 30 30 30 46 H‐84 (N/A) 46 H‐84 TRUE
H‐84 Zone ‐ 3 6 TRUE 1500 6613 1500 6613 30 30 30 35 H‐85 (N/A) 35 H‐85 TRUE
H‐85 Zone ‐ 3 6 TRUE 1500 6085 1500 6085 30 30 30 33 H‐69 (N/A) 33 H‐69 TRUE
H‐86 Zone ‐ 3 6 TRUE 1500 6183 1500 6183 30 30 30 60 J‐90 (N/A) 58 J‐29 TRUE
H‐88 Zone ‐ 4 24 TRUE 3000 4449 3000 4449 30 30 30 30 J‐153 (N/A) 30 J‐153 TRUE
H‐89 Zone ‐ 4 5 TRUE 3000 4367 3000 4367 30 30 30 35 J‐155 (N/A) 35 J‐155 TRUE
H‐90 Zone ‐ 4 5 TRUE 3000 4583 3000 4583 30 30 30 52 J‐155 (N/A) 46 J‐231 TRUE
H‐91 Zone ‐ 4 4 TRUE 3000 7500 3000 7500 30 46 30 43 J‐156 (N/A) 43 J‐156 TRUE
H‐92 Zone ‐ 4 5 TRUE 3000 5821 3000 5821 30 30 30 50 J‐149 (N/A) 50 J‐149 TRUE
H‐93 Zone ‐ 4 5 TRUE 3000 5856 3000 5856 30 30 30 41 H‐94 (N/A) 41 H‐94 TRUE
H‐94 Zone ‐ 4 5 TRUE 3000 4793 3000 4793 30 30 30 48 J‐153 (N/A) 48 J‐153 TRUE
H‐95 Zone ‐ 4 5 TRUE 3000 5465 3000 5465 30 30 30 35 J‐156 (N/A) 35 J‐156 TRUE
H‐96 Zone ‐ 4 5 TRUE 3000 5955 3000 5955 30 30 30 31 H‐95 (N/A) 31 H‐95 TRUE
H‐97 Zone ‐ 4 6 TRUE 3000 6561 3000 6561 30 30 30 31 H‐96 (N/A) 31 H‐96 TRUE
H‐98 Zone ‐ 3 6 TRUE 1500 6572 1500 6572 30 30 30 51 J‐160 (N/A) 51 J‐160 TRUE
H‐105 Zone ‐ 2 3 TRUE 1500 2203 1500 2203 30 30 30 36 H‐67 (N/A) 35 J‐192 TRUE
H‐106 Zone ‐ 2 3 TRUE 1500 2071 1500 2071 30 30 30 50 H‐108 (N/A) 50 H‐108 TRUE
H‐107 Zone ‐ 2 5 TRUE 1500 2624 1500 2624 30 32 30 30 H‐25 (N/A) 30 H‐25 TRUE
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Appendix A
Corresponding Model Data

Source: Bentley Systems Water CAD

Label Zone
Fire Flow 
Iterations

Satisfies Fire 
Flow 

Constraints?

Fire Flow 
(Needed) 
(gpm)

Fire Flow 
(Available) 
(gpm)
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(gpm)
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Lower Limit) 
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Pressure 
(System)

Is Fire Flow 
Run 

Balanced?
H‐108 Zone ‐ 2 3 TRUE 1500 1992 1500 1992 30 30 30 45 H‐25 (N/A) 45 H‐25 TRUE
H‐110 Zone ‐ 2 2 TRUE 1500 8000 1500 8000 30 46 30 46 H‐108 (N/A) 46 H‐108 TRUE
H‐112 <None> 5 TRUE 1500 3009 1500 3009 30 64 30 30 J‐174 (N/A) 28 H‐108 TRUE
H‐113 <None> 3 TRUE 1500 6006 1500 6006 30 30 30 41 J‐192 (N/A) 40 H‐105 TRUE
H‐114 <None> 5 TRUE 1500 5652 1500 5652 30 36 30 30 J‐192 (N/A) 29 H‐105 TRUE
H‐115 <None> 3 TRUE 1500 5409 1500 5409 30 30 30 36 J‐192 (N/A) 35 H‐105 TRUE
H‐116 <None> 3 TRUE 1500 7282 1500 7282 30 30 30 54 J‐188 (N/A) 53 J‐30 TRUE
H‐117 <None> 5 TRUE 1500 5156 1500 5156 30 62 30 30 J‐220 (N/A) 30 J‐220 TRUE
H‐118 <None> 4 TRUE 1500 7629 1500 7629 30 45 30 30 J‐219 (N/A) 30 J‐219 TRUE
H‐119 <None> 3 TRUE 1500 3026 1500 3026 30 30 30 39 J‐198 (N/A) 39 J‐198 TRUE
H‐120 <None> 3 TRUE 1500 2853 1500 2853 30 30 30 36 J‐200 (N/A) 36 J‐200 TRUE
H‐121 <None> 5 TRUE 1500 3239 1500 3239 30 66 30 30 J‐174 (N/A) 28 H‐108 TRUE
H‐122 <None> 5 TRUE 1500 3244 1500 3244 30 35 30 30 J‐210 (N/A) 28 H‐25 TRUE
H‐123 <None> 5 TRUE 1500 3035 1500 3035 30 53 30 30 J‐210 (N/A) 28 H‐25 TRUE
H‐124 <None> 3 TRUE 1500 3205 1500 3205 30 30 30 34 J‐222 (N/A) 34 J‐222 TRUE
H‐125 <None> 3 TRUE 1500 3531 1500 3531 30 30 30 37 J‐221 (N/A) 37 J‐221 TRUE
H‐126 <None> 5 TRUE 1500 2121 1500 2121 30 66 30 30 J‐229 (N/A) 23 J‐63 TRUE
H‐127 <None> 5 TRUE 1500 2015 1500 2015 30 63 30 30 J‐229 (N/A) 26 J‐63 TRUE
H‐128 <None> 3 TRUE 1500 4193 1500 4193 30 30 30 39 J‐186 (N/A) 39 J‐186 TRUE
H‐129 <None> 5 TRUE 1500 2340 1500 2340 30 72 30 30 J‐218 (N/A) 30 J‐218 TRUE
H‐130 <None> 4 TRUE 1500 8000 1500 8000 30 76 30 59 J‐188 (N/A) 58 J‐29 TRUE
H‐131 <None> 14 TRUE 1500 4397 1500 4397 30 70 30 30 J‐231 (N/A) 30 J‐231 TRUE
H‐132 <None> 13 TRUE 1500 4357 1500 4357 30 62 30 30 J‐232 (N/A) 30 J‐232 TRUE
H‐133 <None> 3 TRUE 1500 4719 1500 4719 30 30 30 52 J‐180 (N/A) 32 J‐106 TRUE
H‐134 <None> 2 TRUE 1500 8000 1500 8000 30 31 30 32 J‐180 (N/A) 28 J‐36 TRUE
H‐135 <None> 3 TRUE 1500 6597 1500 6597 30 30 30 42 J‐180 (N/A) 31 J‐103 TRUE
H‐136 <None> 3 TRUE 1500 4521 1500 4521 30 30 30 36 J‐192 (N/A) 35 H‐105 TRUE
H‐137 <None> 5 TRUE 1500 3780 1500 3780 30 65 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐1 Zone ‐ 2 2 TRUE 1500 8000 1501 8001 30 59 30 56 J‐29 (N/A) 56 J‐29 TRUE
J‐2 Zone ‐ 2 2 TRUE 1500 8000 1500 8000 30 58 30 56 J‐29 (N/A) 56 J‐29 TRUE
J‐3 Zone ‐ 2 2 TRUE 1500 8000 1500 8000 30 56 30 54 J‐29 (N/A) 54 J‐29 TRUE
J‐4 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 56 30 54 J‐29 (N/A) 54 J‐29 TRUE
J‐6 Zone ‐ 2 3 TRUE 1500 5974 1500 5974 30 30 30 34 J‐7 (N/A) 34 J‐7 TRUE
J‐7 Zone ‐ 2 3 TRUE 1500 5287 1500 5287 30 30 30 31 J‐8 (N/A) 31 J‐8 TRUE
J‐8 Zone ‐ 2 3 TRUE 1500 5039 1500 5039 30 30 30 30 H‐3 (N/A) 30 H‐3 TRUE
J‐9 Zone ‐ 2 4 TRUE 1500 6608 1500 6609 30 30 30 30 H‐4 (N/A) 30 H‐4 TRUE
J‐10 Zone ‐ 2 3 TRUE 1500 4081 1500 4081 30 30 30 30 H‐5 (N/A) 30 H‐5 TRUE
J‐12 Zone ‐ 2 3 TRUE 1500 4044 1500 4044 30 30 30 30 H‐6 (N/A) 30 H‐6 TRUE
J‐13 Zone ‐ 2 4 TRUE 1500 4033 1500 4033 30 31 30 30 H‐108 (N/A) 30 H‐108 TRUE
J‐14 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 47 30 46 J‐29 (N/A) 46 J‐29 TRUE
J‐15 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 42 30 42 J‐16 (N/A) 42 J‐16 TRUE
J‐16 Zone ‐ 2 2 TRUE 3000 7500 3003 7503 30 36 30 43 J‐36 (N/A) 38 J‐188 TRUE
J‐20 Zone ‐ 2 2 TRUE 1500 8000 1500 8000 30 32 30 32 J‐36 (N/A) 32 J‐36 TRUE
J‐22 Zone ‐ 2 4 TRUE 1500 5786 1500 5786 30 30 30 31 J‐35 (N/A) 31 J‐35 TRUE
J‐23 Zone ‐ 2 4 TRUE 1500 6651 1500 6651 30 30 30 30 H‐31 (N/A) 30 H‐31 TRUE
J‐24 Zone ‐ 2 4 TRUE 1500 5680 1500 5680 30 30 30 31 J‐25 (N/A) 31 J‐25 TRUE
J‐25 Zone ‐ 2 3 TRUE 1500 4339 1500 4339 30 30 30 32 J‐26 (N/A) 32 J‐26 TRUE
J‐26 Zone ‐ 2 3 TRUE 1500 3857 1500 3857 30 30 30 30 H‐10 (N/A) 30 H‐10 TRUE
J‐28 Zone ‐ 2 3 TRUE 1500 3485 1500 3485 30 30 30 30 H‐11 (N/A) 30 H‐11 TRUE
J‐29 Zone ‐ 2 3 TRUE 1500 3487 1500 3487 30 30 30 35 J‐30 (N/A) 35 J‐30 TRUE
J‐30 Zone ‐ 2 3 TRUE 1500 3651 1500 3651 30 30 30 30 H‐12 (N/A) 30 H‐12 TRUE
J‐31 Zone ‐ 2 3 TRUE 1500 4468 1500 4468 30 30 30 30 H‐13 (N/A) 30 H‐13 TRUE
J‐32 Zone ‐ 2 3 TRUE 1500 4056 1500 4056 30 30 30 30 H‐14 (N/A) 30 H‐14 TRUE
J‐34 Zone ‐ 2 4 TRUE 1500 4961 1500 4961 30 30 30 31 J‐50 (N/A) 31 J‐50 TRUE
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Appendix A
Corresponding Model Data

Source: Bentley Systems Water CAD
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(System)

Is Fire Flow 
Run 

Balanced?
J‐35 Zone ‐ 2 4 TRUE 1500 4761 1500 4761 30 30 30 30 H‐15 (N/A) 30 H‐15 TRUE
J‐36 Zone ‐ 2 4 TRUE 1500 6839 1500 6839 30 30 30 30 J‐23 (N/A) 30 J‐23 TRUE
J‐37 Zone ‐ 2 6 TRUE 1500 7778 1500 7778 30 31 30 30 J‐36 (N/A) 30 J‐36 TRUE
J‐50 Zone ‐ 2 3 TRUE 1500 4680 1500 4680 30 30 30 34 H‐108 (N/A) 34 H‐108 TRUE
J‐51 Zone ‐ 2 5 TRUE 1500 3737 1500 3737 30 31 30 30 H‐108 (N/A) 30 H‐108 TRUE
J‐62 Zone ‐ 2 4 TRUE 1500 1932 1500 1932 30 30 30 30 H‐25 (N/A) 30 H‐25 TRUE
J‐63 Zone ‐ 2 3 TRUE 1500 1889 1500 1889 30 30 30 31 H‐25 (N/A) 31 H‐25 TRUE
J‐83 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 84 30 82 H‐83 (N/A) 58 J‐29 TRUE
J‐86 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 85 30 83 H‐83 (N/A) 58 J‐29 TRUE
J‐90 Zone ‐ 3 6 TRUE 1500 6361 1500 6361 30 30 30 52 H‐86 (N/A) 52 H‐86 TRUE
J‐103 Zone ‐ 2 3 TRUE 1500 5151 1500 5151 30 30 30 42 H‐50 (N/A) 42 H‐50 TRUE
J‐105 Zone ‐ 2 3 TRUE 3000 5667 3000 5667 30 30 30 31 H‐49 (N/A) 31 H‐49 TRUE
J‐106 Zone ‐ 2 3 TRUE 1500 4616 1500 4616 30 30 30 32 H‐51 (N/A) 32 H‐51 TRUE
J‐108 Zone ‐ 2 3 TRUE 1500 4455 1500 4455 30 30 30 34 H‐52 (N/A) 34 H‐52 TRUE
J‐111 Zone ‐ 2 3 TRUE 3000 6659 3000 6659 30 30 30 32 J‐105 (N/A) 32 J‐105 TRUE
J‐113 Zone ‐ 2 2 TRUE 3000 7500 3000 7500 30 43 30 43 J‐16 (N/A) 43 J‐16 TRUE
J‐133 Zone ‐ 3 4 TRUE 3000 7500 3000 7500 30 61 30 61 H‐83 (N/A) 58 J‐29 TRUE
J‐134 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 74 30 74 H‐83 (N/A) 58 J‐29 TRUE
J‐140 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 79 30 79 H‐98 (N/A) 58 J‐29 TRUE
J‐142 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 76 30 76 H‐98 (N/A) 58 J‐29 TRUE
J‐149 Zone ‐ 4 5 TRUE 3000 5971 3000 5971 30 30 30 42 H‐92 (N/A) 42 H‐92 TRUE
J‐153 Zone ‐ 4 5 TRUE 3000 4433 3000 4433 30 30 30 32 H‐88 (N/A) 32 H‐88 TRUE
J‐154 Zone ‐ 4 5 TRUE 3000 4369 3000 4369 30 30 30 47 J‐153 (N/A) 40 J‐232 TRUE
J‐155 Zone ‐ 4 5 TRUE 3000 4362 3000 4362 30 30 30 36 H‐89 (N/A) 36 H‐89 TRUE
J‐156 Zone ‐ 4 5 TRUE 3000 4918 3000 4918 30 30 30 42 H‐90 (N/A) 42 H‐90 TRUE
J‐160 Zone ‐ 3 9 TRUE 1500 7135 1500 7135 30 31 30 30 H‐98 (N/A) 30 H‐98 TRUE
J‐162 Zone ‐ 3 3 TRUE 3000 7500 3000 7500 30 84 30 84 H‐83 (N/A) 58 J‐29 TRUE
J‐164 Zone ‐ 2 3 TRUE 3000 7500 3000 7500 30 99 30 58 J‐29 (N/A) 58 J‐29 TRUE
J‐165 Zone ‐ 4 4 TRUE 3000 7500 3000 7500 30 61 30 57 J‐156 (N/A) 57 J‐156 TRUE
J‐166 Zone ‐ 2 3 TRUE 1500 4319 1500 4319 30 30 30 34 H‐105 (N/A) 34 H‐105 TRUE
J‐170 Zone ‐ 2 5 TRUE 1500 2851 1500 2851 30 32 30 30 H‐108 (N/A) 30 H‐108 TRUE
J‐174 <None> 3 TRUE 1500 3009 1500 3009 30 30 30 31 J‐210 (N/A) 28 H‐108 TRUE
J‐175 <None> 5 TRUE 1500 3009 1500 3009 30 66 30 30 J‐174 (N/A) 28 H‐108 TRUE
J‐177 <None> 2 TRUE 1500 8000 1500 8000 30 50 30 49 J‐188 (N/A) 48 J‐30 TRUE
J‐179 <None> 2 TRUE 1500 8000 1500 8000 30 55 30 35 J‐180 (N/A) 19 J‐103 TRUE
J‐180 <None> 2 TRUE 1500 8000 1500 8000 30 31 30 39 H‐133 (N/A) 31 J‐36 TRUE
J‐181 <None> 3 TRUE 1500 7823 1500 7823 30 30 30 30 H‐135 (N/A) 21 J‐103 TRUE
J‐183 <None> 5 TRUE 1500 2029 1500 2029 30 68 30 30 J‐229 (N/A) 26 J‐63 TRUE
J‐185 <None> 2 TRUE 1500 8000 1500 8000 30 40 30 36 J‐188 (N/A) 33 J‐16 TRUE
J‐186 <None> 3 TRUE 1500 4496 1500 4496 30 30 30 30 H‐128 (N/A) 30 H‐128 TRUE
J‐188 <None> 2 TRUE 1500 8000 1500 8000 30 36 30 41 J‐180 (N/A) 35 J‐16 TRUE
J‐189 <None> 3 TRUE 1500 7006 1500 7006 30 30 30 30 H‐113 (N/A) 30 H‐113 TRUE
J‐190 <None> 5 TRUE 1500 3780 1500 3780 30 71 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐191 <None> 5 TRUE 1500 3547 1500 3547 30 76 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐192 <None> 3 TRUE 1500 2462 1500 2462 30 30 30 31 J‐218 (N/A) 29 H‐105 TRUE
J‐195 <None> 5 TRUE 1500 6357 1500 6357 30 39 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐196 <None> 3 TRUE 1500 5967 1500 5967 30 30 30 30 H‐115 (N/A) 30 H‐115 TRUE
J‐197 <None> 5 TRUE 1500 5457 1500 5457 30 58 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐198 <None> 3 TRUE 1500 3230 1500 3230 30 30 30 30 H‐119 (N/A) 30 H‐119 TRUE
J‐199 <None> 3 TRUE 1500 4036 1500 4036 30 30 30 42 J‐174 (N/A) 32 J‐10 TRUE
J‐200 <None> 3 TRUE 1500 2984 1500 2984 30 30 30 30 H‐120 (N/A) 30 H‐120 TRUE
J‐201 <None> 5 TRUE 1500 5110 1500 5110 30 58 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐202 <None> 5 TRUE 1500 5110 1500 5110 30 41 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐203 <None> 3 TRUE 1500 3904 1500 3904 30 30 30 33 H‐125 (N/A) 33 H‐125 TRUE
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Source: Bentley Systems Water CAD
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J‐204 <None> 3 TRUE 1500 3415 1500 3415 30 30 30 37 J‐210 (N/A) 36 H‐25 TRUE
J‐205 <None> 3 TRUE 1500 3303 1500 3303 30 30 30 33 H‐124 (N/A) 33 H‐25 TRUE
J‐206 <None> 3 TRUE 1500 3323 1500 3323 30 30 30 33 J‐210 (N/A) 31 H‐25 TRUE
J‐207 <None> 4 TRUE 1500 3360 1500 3360 30 31 30 30 J‐210 (N/A) 28 H‐25 TRUE
J‐208 <None> 5 TRUE 1500 3279 1500 3279 30 37 30 30 J‐210 (N/A) 28 H‐25 TRUE
J‐209 <None> 5 TRUE 1500 2999 1500 2999 30 58 30 30 J‐210 (N/A) 28 H‐25 TRUE
J‐210 <None> 3 TRUE 1500 2809 1500 2809 30 30 30 35 J‐174 (N/A) 28 H‐25 TRUE
J‐211 <None> 4 TRUE 1500 8000 1500 8000 30 71 30 59 J‐188 (N/A) 58 J‐29 TRUE
J‐212 <None> 7 TRUE 1500 7044 1500 7044 30 30 30 59 J‐188 (N/A) 30 H‐83 TRUE
J‐213 <None> 5 TRUE 1500 8000 1500 8000 30 56 30 58 J‐212 (N/A) 55 H‐83 TRUE
J‐214 <None> 6 TRUE 1500 6721 1500 6721 30 30 30 59 J‐188 (N/A) 46 H‐93 TRUE
J‐215 <None> 6 TRUE 1500 6553 1500 6553 30 30 30 30 J‐216 (N/A) 5 H‐93 TRUE
J‐216 <None> 5 TRUE 1500 3693 1500 3693 30 30 30 59 J‐188 (N/A) 58 J‐29 TRUE
J‐217 <None> 5 TRUE 1500 5652 1500 5652 30 52 30 30 J‐192 (N/A) 29 H‐105 TRUE
J‐218 <None> 3 TRUE 1500 2340 1500 2340 30 30 30 33 J‐192 (N/A) 30 H‐67 TRUE
J‐219 <None> 4 TRUE 1500 7629 1500 7629 30 30 30 32 J‐220 (N/A) 32 J‐220 TRUE
J‐220 <None> 3 TRUE 1500 5156 1500 5156 30 30 30 37 J‐174 (N/A) 31 J‐34 TRUE
J‐221 <None> 3 TRUE 1500 3721 1500 3721 30 30 30 30 H‐125 (N/A) 30 H‐125 TRUE
J‐222 <None> 3 TRUE 1500 3303 1500 3303 30 30 30 30 H‐124 (N/A) 30 H‐124 TRUE
J‐223 <None> 5 TRUE 1500 3035 1500 3035 30 56 30 30 J‐210 (N/A) 28 H‐25 TRUE
J‐224 <None> 5 TRUE 1500 3244 1500 3244 30 39 30 30 J‐210 (N/A) 28 H‐25 TRUE
J‐225 <None> 4 TRUE 1500 8000 1500 8000 30 61 30 59 J‐188 (N/A) 58 J‐29 TRUE
J‐226 <None> 2 TRUE 1500 8000 1500 8000 30 54 30 53 J‐188 (N/A) 52 J‐30 TRUE
J‐229 <None> 3 TRUE 1500 2015 1500 2015 30 30 30 45 J‐210 (N/A) 26 J‐63 TRUE
J‐231 <None> 6 TRUE 1500 4398 1500 4398 30 30 30 52 J‐232 (N/A) 38 J‐155 TRUE
J‐232 <None> 5 TRUE 1500 4357 1500 4357 30 30 30 54 J‐231 (N/A) 40 J‐154 TRUE
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Appendix B
Corresponding Model Data

Source: Bentley Systems Water CAD

Label Zone
Fire Flow 
Iterations

Satisfies Fire 
Flow 

Constraints?

Fire Flow 
(Needed) 
(gpm)

Fire Flow 
(Available) 
(gpm)

Flow (Total 
Needed) 
(gpm)

Flow (Total 
Available) 
(gpm)

Pressure 
(Residual 

Lower Limit) 
(psi)

Pressure 
(Calculated 

Residual) (psi)

Pressure 
(Zone Lower 
Limit) (psi)

Pressure 
(Calculated 
Zone Lower 
Limit) (psi)

Junction w/ 
Minimum 
Pressure 
(Zone)

Pressure 
(System 

Lower Limit) 
(psi)

Pressure 
(Calculated 

System Lower 
Limit) (psi)

Junction w/ 
Minimum 
Pressure 
(System)

Is Fire Flow 
Run 

Balanced?
H‐1 Zone ‐ 2 14 TRUE 0 6507 1500 6507 30 30 0 57 J‐29 (N/A) 57 J‐29 TRUE
H‐3 Zone ‐ 2 4 TRUE 1500 3084 1500 3084 30 30 0 36 J‐8 (N/A) 36 J‐8 TRUE
H‐4 Zone ‐ 2 4 TRUE 1500 3463 1500 3463 30 30 0 37 J‐9 (N/A) 37 J‐9 TRUE
H‐5 Zone ‐ 2 4 TRUE 1500 3047 1500 3047 30 30 0 35 J‐10 (N/A) 35 J‐10 TRUE
H‐6 Zone ‐ 2 4 TRUE 1500 3083 1500 3083 30 30 0 36 J‐12 (N/A) 36 J‐12 TRUE
H‐7 Zone ‐ 2 4 TRUE 4500 5809 4500 5809 30 30 0 47 J‐29 (N/A) 47 J‐29 TRUE
H‐8 Zone ‐ 2 3 TRUE 4500 4566 4500 4566 30 30 0 42
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FIRE FLOW TEST REPORT 

FOR: 

Nut Tree Airport 
County Airport Road 

County of Solano, California

March 21st , 2018 

(seal) 

Prepared by: 

MARQUEE FIRE PROTECTION 

a California corporation 

C-16 contractor, Lic. 570970

______________________________ 

Mel Davis 

Lead Designer 

Corporate: 
710 West Stadium Lane 
Sacramento, CA 95834 
Phone: (916) 641-7997 

(707) 642-7905 
Fax: (916) 641-0775 

Bay Area: 
Phone: (925) 691-0744 

Fax: (925) 691-0742 

Contractor Lic #: CA 570970 
OR 111387 
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SUMMARY of TEST RESULTS 

Nut Tree Airport 
County Airport Road 

County of Solano, California

TEST #1  (2)-2½” Outlets Flowing 

Read Hydrant:  East corner of Bldg. C 
Flowing Hydrant:  North Corner of Bldg C 

Static (psi): =    94 
Residual (psi): = 86 

Calculated flow (gpm): = 2523 
Calculated flow (gpm) at 20 psi = 8397.6

TEST #2  (2)-2½” Outlets Flowing 

Read Hydrant:  East of Bldg D, at end of Hangar Bldg C 
Flowing Hydrant:  East of Bldg D, at end of Hangar Bldg A 

Static (psi): =    95 
Residual (psi): = 65 

Calculated flow (gpm): = 1985 
Calculated flow (gpm) at 20 psi = 3257.3

TEST #3  (2)-2½” Outlets Flowing 

Read Hydrant:  East of Bldg D, at end of Hangar Bldg C 
Flowing Hydrant:  north corner of Bldg D 

Static (psi): =    95 
Residual (psi): = 62 

Calculated flow (gpm): = 2042 
Calculated flow (gpm) at 20 psi = 3182.6

Corporate: 
710 West Stadium Lane 
Sacramento, CA 95834 
Phone: (916) 641-7997 

(707) 642-7905 
Fax: (916) 641-0775 

Bay Area: 
Phone: (925) 691-0744 

Fax: (925) 691-0742 

Contractor Lic #: CA 570970 
OR 111387 



Location

Nut Tree Airport

County Airport Road

County of Solano

California

Marquee Fire Protection

710 West Stadium Lane

Sacramento, CA 95834

C-16. Lic.# 570970

Tested by

03/19/18 01:30 pm

Notes

Test #1

Wet Barrel Hydrant

At Bldg. C, on County Airport Road

Test TimeTest Date

Read Hydrant

static pressure

residual pressure

hydrant elevation

94 psi

86 psi

108.9 ft

FlowPressure
Pitot

CSizeElevOutlet

Flow Hydrant(s)

#1 108.9 2.5 .9 58 1245 gpm

#2 108.9 2.5 .9 55 1278 gpm

0 2000 4000 6000 8000 10000

0

20

40

60

80

100

8397.6 gpm at 20 psi

Flow Graph

psi

gpm

2523 gpmTotal

Hydrant Flow Test Report

Created with the free hydrant flow test program from www.igneusinc.com







Test #1: Static; 

Test#1 Residual, (One outlet flowing); 

Test#1 Residual, (Two outlet flowing); 



Location

Nut Tree Airport

County Airport Road

County of Solano

California

Marquee Fire Protection

710 West Stadium Lane

Sacramento, CA 95834

C-16. Lic.# 570970

Tested by

03/19/18 01:45 pm

Notes

Test #2

Wet Barrel Hydrant

Southeast of Bldg. D, At end of Hangar C

Flowing Hydrant at end of Hangar A

Test TimeTest Date

Read Hydrant

static pressure

residual pressure

hydrant elevation

95 psi

65 psi

109.7 ft

FlowPressure
Pitot

CSizeElevOutlet

Flow Hydrant(s)

#1 109.7 2.5 .9 32 1035 gpm

#2 109.7 2.5 .9 38 950 gpm

0 750 1500 2250 3000 3750

0

20

40

60

80

100

3257.3 gpm at 20 psi

Flow Graph

psi

gpm

1985 gpmTotal

Hydrant Flow Test Report

Created with the free hydrant flow test program from www.igneusinc.com







Test #2: Static; 

Test #2 Residual, (One outlet flowing); 

Test #2 Residual, (Two outlets flowing); 



Location

Nut Tree Airport

County Airport Road

County of Solano

California

Marquee Fire Protection

710 West Stadium Lane

Sacramento, CA 95834

C-16. Lic.# 570970

Tested by

03/19/18 02:05 pm

Notes

Test #3

Wet Barrel Hydrant

Southeast of Bldg. D, At end of Hangar C

Flowing Hydrant at Bldg D

Test TimeTest Date

Read Hydrant

static pressure

residual pressure

hydrant elevation

95 psi

62 psi

109.7 ft

FlowPressure
Pitot

CSizeElevOutlet

Flow Hydrant(s)

#1 109.7 2.5 .9 37 1021 gpm

#2 109.7 2.5 .9 37 1021 gpm

0 750 1500 2250 3000 3750

0

20

40

60

80

100

3182.6 gpm at 20 psi

Flow Graph

psi

gpm

2042 gpmTotal

Hydrant Flow Test Report

Created with the free hydrant flow test program from www.igneusinc.com







Test #3: Static; 

Test #3 Residual, (One outlet flowing); 

Test #3 Residual, (Two outlets flowing); 
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APPENDIX E – SEWER CALCS 



Nut Tree Airport Sewer Design:
1‐ Determine if the existing 8" line is sufficienlty sized to meet current ande proposed future demands.

Given:
8” Sewer line currently servicing airport

Current Demand (from Airport Business Plan, pg. 69): 3,500gpd

Capacity:
*Per “City of Vacaville Sanitary Sewer Systems Design Standards”
Table DS 6‐2. “Allowable Utilization of Capacity in New Sewers”:

 ‐ 8” Diameter Pipe @ Minimum Slope (0.0035 ft/ft)
Qd = 0.33 mgd = 330,000 gpd (available capacity in 8” pipe)

* Per "Nut Tree Airport Master Plan Update EIR"
Table 3.11‐1 "Wastewater Generation Calculations for the Proposed Project"

Average Dry Weather Flow, Qa = 26,731 gpd

Design Flow, Qd = Qpdwf + I (per City of Vacaville Design Standards)
 Qpdwf = Peak Dry Weather Flow

I = 1,000 gallons per day per acre
 Qpdwf = Qa x 2.5 Total Acreage = 26.34 Acres (per Table 3.11‐1)
 Qpdwf = 26,731 x 2.5 I = (1,000) (26.34)
 Qpdwf = 66,828 gpd I	= 26,340 gpd

 Qd = 66,828 + 26,340
 Qd = 93,168 gpd (proposed)

* 8" Sewer Line has Sufficient Capacity
Capacity based on slope determined from "333446‐EXH‐009 Utility Survey" CAD file obtained from Client:
Slope=rise/run= (105.66‐100.79)/851.57=0.00572=0.572%
Use Manning's equation: Q=(1.49/n)A(Rh)

2/3S1/2

n=0.015
0.349

r=4in=0.333333ft
Rh= A/P=πr2/2πr=r/2=(4/12)/2= 0.167

P=2πr 2.094
Q= 0.792 cfs
 = 511930.41 gpd

93,168 gpd < 330,000 gpd

A ൌ πrଶ



Allowable Capacity:
Previous: 20,000 gpd
Additional Capacity obtained through purchase of additional property: 78,000 gpd
Total Allowable Capacity:  97,660 gpd

Determine Increased Sewer Demand:
Average Sewage Generation per restroom:
Number of restrooms: 12 (pg. 3.11‐2 of the NE Sewer Sector Master Plan)
Current Demand: 3,500 gpd
Average Sewage Generation per restroom=3500/12=291.67 gpd per restroom ‐> round up to 300 gpd

a) Phase 1 Demand: (6 restrooms)(300 gpd per restroom)= 1800 gpd
c) Phase AI Demand: (2 restrooms)(300 gpd per restroom)= 600 gpd
d) Phase A Demand: (1 restrooms)(300 gpd per restroom)= 300 gpd
e) Phase B Demand: (2 restrooms)(300 gpd per restroom)= 600 gpd
f) Area 1 Demand:
78,000 ft2 office Bldg.
rate: 1500 gpd/Acre (pg. 3.11‐8 pf the NE Sewer Sector Master Plan)
Demand=(78000ft2/43560 ft2/Acre)(1500gpd/Acre)= 2685.95 gpd

Total Demand: 5985.95 gpd

Determine Total Sewer Demand with Proposed Improvements:
 =3500gpd+5986.95gpd= 9485.95 gpd

Determine if existing line has sufficient capacity by comparing proposed demand to current capacity:
9,485.95 gpd<330,000 gpd<511,930 gpd, therefore the existing 8" line has sufficient capacity to meet the proposed 
demands.



2‐Determine size of proposed pipes for each Development and Ancillary Phase: See Table 1 below.
Development Phases:

Nut Tree Airport ‐ Sewer Calculations

Development 
Phase

Area, ac Area, ft2 Bathrooms
Proposed 
Q, gpd

Pipe 
Name

Proposed 
Pipe gpd

Proposed 
Pipe Size

1  ‐  ‐ 6 1800 2100 6"

5 ‐ ‐ 6 1800 3600 6"

6 ‐ ‐ 6 1800 1800 6"

A  ‐  ‐ 1 300 300 6"

A1  ‐  ‐ 2 600 1200 6"

B  ‐  ‐ 2 600 600 6"

Ancillary Phase

1 1.79 78000  ‐ 2686 2686 6"

2 9.30 405116  ‐ 13950 17550 8"

3 5.76 250734  ‐ 8634 8634 8"
Table 1: Proposed Sewer Pipe Sizes by Phase 32170

Assumptions: 
Average Bathroom Sewage Generation= 300 gpd
Generation Rate for Acres:  1500 gpd/Acre
Use Manning's equation: Q=(1.49/n)A(Rh)

2/3S1/2

n= 0.015
0.349 ft2

r=4in=0.333333ft

Rh= A/P=πr2/2πr=r/2=(4/12)/2= 0.167
P=2πr 2.094
S= 0.0035 minimum
Pipe Type: PVC for pipes 8"‐12"

VCP for pipes greater than 12" and up to 42"

Assumptions

Pipe Capacities: V=Q/A (fps)
2" PVC @ 0.35%: Min =  9900 gpd 1.17
4" PVC @ 0.35%: Min =  63100 gpd 1.86
6" PVC @ 0.35%: Min =  185900 gpd 2.44
8" PVC @ 0.35%: Min =  400400 gpd 2.96
10" PVC @ 0.35%: Min =  725900 gpd 3.43
12" PVC @ 0.35%: Min =  1180500 gpd 3.88

Existing pipe sizes are unknown and are assumed, based on the areas 
they appear to drain.  

Minimum 6" for commercial or industrial services per DS 6‐02 of the City of Vacaville 
Sanitary Sewer System Design Standards.

A ൌ πrଶ



Sanitary Sewer System Design Standards Page DS 6-3 DS-SEC 06-REV: 13 Feb 07 

The following sizes are allowed in the City Sanitary Sewer system: 

1. Service Lateral – 4 inch and larger. See Section DS 6.03B, “Sanitary Sewer
Appurtenances, Services” of these Design Standards.

2. Collection Main - 8 & 10 inch

3. Trunk Sewer - 12 inch and larger

B. DESIGN FLOW: Design flow (Qd) is defined as peak wet weather flow at
buildout for the service area. Qd is calculated by summing the peak dry weather
flow (Qpdwf) and infiltration and inflow (I).

The design flow for a Trunk Sewer is determined by the Department of Public
Works using the City’s sewer computer model through master planning or special
study per Section DS 6-01 D of these Design Standards.

The design flow for a Collection Main shall be computed by the Developer using
the following formula and criteria:

Qd = Qpdwf + I 
Qd is the design flow in gallons per day 
Qpdwf is the peak dry weather flow in gal. per day 
I is the infiltration and inflow in gallons per day. 

The infiltration and inflow component (I) shall be 1,000 gallons/acre/day applied 
to the gross acreage of the service area.

The peak dry weather flow (Qpdwf) for Collection Mains is calculated by 
multiplying the average dry weather flow (Qa) based on the factors given in 
Table DS 6-1 times a peaking factor of 2.5. This method may also be used to 
calculate a preliminary Qpdwf for Trunk Sewers until modeling has been 
performed. 

Qpdwf = Qa x 2.5 



Sanitary Sewer System Design Standards Page DS 6-4 DS-SEC 06-REV: 13 Feb 07 

Table DS 6-1 

Average Dry Weather Sanitary Sewer Flow Criteria (Qa) 
Description Residential,

gpd/du (a)
Schools,

gpd/student
Non-Residential, 

gpd/acre (a)
Non-Residential,

gpd/ft2

Residential – One Bedroom (b) 120 – – –
Residential – Two Bedroom (b) 160 – – –
Residential – Three Bedroom (b) 200 – – –
Residential – Four (or more) 
Bedroom 240 – – –
Residential (c) 240
Office – – 1,500 0.115
Business Park – – 2,000 0.153 
Industrial (d) – – 2,000 0.153
Retail Sales – – 1,900 0.145 
Downtown Commercial – – 5,000 0.383 
Highway Commercial – – 5,000 0.383 
Service Commercial – – 1,900 0.145 
Public - Low Water Use – – 0 0 
Public - Medium Water Use – – 1,500 0.115 
Public - High Water Use – – 1,500 0.115 
Park – – 0 0
Private Recreation (e) – – 1,500 0.115
Elementary School – 25 – – 
Secondary School – 30 – – 
School Acreage – – 0 0 
Open Space – – 0 0 
Hospitals and Medical offices (f) – – 4,000 0.306
Places of Worship 1900 0.145 
Agriculture – – 0 0

(a) gpd = gallons per day; du = dwelling unit

(b) Applicable only where the actual allowable dwelling unit and bedroom count is known and
subject to no further changes by virtue of an executed development agreement or similar
instrument. Where an executed development agreement or approved subdivision map applies to
the sewer service area, the number of dwelling units shall be equal to the maximum allowed
under such documents.

(c) This factor shall be applied where only an approximate dwelling unit count is available, and for
predicted future growth in the service area.

(d) Applies only to dry industries. Design flows for industrial developments with the potential to
produce above average flows must be computed on a case-by-case basis.

(e) Factor is not applied to golf course areas of play

(f) Qa shall be based upon project-specific flow projection with a minimum of 4,000 gpd/acre.

NOTE: Table DS 6-1 is subject to periodic revisions based upon updated 
wastewater flow monitoring studies and master planning.



Sanitary Sewer System Design Standards Page DS 6-6 DS-SEC 06-REV: 13 Feb 07 

1. Minimum Slope: Minimum slopes and other design criteria for various pipe
diameters are shown in Table DS 6-2.

Table DS 6-2. Allowable Utilization of Capacity in New Sewers

Maximum Allowable Utilization of 
Capacity 

Pipe Diameter, 
Inches As Percent of 

Full Pipe 
Gravity Flow 

Capacity 

As Depth to 
Diameter Ratio, 

d/D

Minimum Slope 
(a), ft/ft 

Equivalent 
Maximum 

Allowable Flow 
Qd at 

Minimum
Slope(a), mgd 

 8 70 0.62 0.0035 0.33
10 70 0.62 0.0025 0.50
12 80 0.68 0.0019 0.80
15 80 0.68 0.0015 1.29
18 80 0.68 0.0011 1.80
21 90 0.74 0.0010 2.77
24 90 0.74 0.0009 3.72
27 90 0.74 0.0009 4.77
30 90 0.74 0.0009 5.85
33 90 0.74 0.0009 6.88
36 90 0.74 0.0009 8.68

42 & up 90 0.74 0.0009 11.7 (42”) 
(a) A slope greater than minimum may be required for Trunk Sewers where the projected flows do not
produce the required minimum velocity and/or where higher allowable flows are required. See Section DS
6.02.D.2 for the minimum Trunk Sewer velocity requirements.

2. Minimum Velocity: Additionally, the minimum velocity in new Trunk
Sewers is two (2) feet per second (fps) at Qpdwf. Qpdwf is equal to Qd
excluding Infiltration (I). The minimum velocity standard is independent of
the minimum slope requirement. Special consideration shall be given in
instances where predicted peak flows will not achieve a velocity of two (2) fps
for more than the first five (5) years of the life of the pipeline. Steeper slopes,
manhole liners, or other modification to these City Standards may be required
by the Director of Public Works to prevent odor and corrosion problems
where low flows are anticipated.

3. Maximum Velocity: A maximum velocity of ten (10) fps is allowed at design
flow.

 8 70 0.62 0.0035 0.33
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does include the expansion of the existing arrival/departure facility, which would include a 
restaurant. Expansion of this facility to include a restaurant could increase wastewater generation 
by 7,000 gpd; resulting in a total project increase of 26,731 gpd of wastewater above baseline 
conditions. The estimated increase of 26,731 gpd of wastewater associated with the full build-out 
of the Proposed Project would not result in an increase of SBF beyond WWTP’s current capacity 
(15 mgd). Furthermore, all wastewater diverted to WWTP would be treated according to all 
applicable state and federal regulations. Therefore, impacts associated with a potential 
exceedance of wastewater treatment requirements as a result of the Proposed Project are 
considered to be less than significant. 

TABLE 3.11-1 
WASTEWATER GENERATION CALCULATIONS FOR THE PROPOSED PROJECT 

Facility/Project Total Acreage Generation Rate1 Qa Generation2

Baseline Condition
Administration Building 0.17 1,500 gpd/acre3 248

Hangar Offices 0.05 1,500 gpd/acre3 73

Corporate Hangars 2.3 30 gpd/person4 240

Subtotal 561

Phase I
Professional Office 1.3 1,500 gpd/acre3 1,950

General Commercial/Light 
Industrial

5.5 2,000 gpd/acre5 11,000

General Commercial/Light 
Industrial

2.75 2,000 gpd/acre5 5,500

South Corporate Hangar 5.75 30 gpd/person4 240

Subtotal 18,690 

Phase II
North Hangar Expansion 
and East Corporate 
Hangars 

4.46 30 gpd/person4 240

Expansion of Existing 
Administration Building 

1.4 5,000 gpd/acre6 7,000

Subtotal 7,240 

Phase III
East Hangar Expansion 2.66 30 gpd/person4 240

Subtotal 240

Baseline + Project Total 
26,731

1  Generation rates derived from the City of Vacaville’s Sanitary Sewer System Design Standards, Table DS 6-1. 
2 Qa = Average dry weather flow. 
3 Generation rate for office uses. 
4 Generation rate based on rates used for secondary schools (gpd/student), which is comparative as a daytime public use facility.
5 Generation rate for an industrial use. 
6 Generation rate for highway commercial use. 

SOURCE: ESA Airports, 2013. 

Mitigation Measures: None required. 
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Nut Tree Airport ‐ Storm Drain Calculations

Sub‐region 
Name

Area, ac I, (in/hr) C, proposed
Existing Q, 

cfs
Proposed 
Q, cfs

Pipe 
Name

Existing 
Pipe cfs

Existing Pipe 
Capacity

Proposed 
Pipe cfs

Existing Pipe 
size

Proposed 
Pipe Size

A‐1A* 1.09 3.16 0.9 3.1 3.10 SD‐1A None None 3.1 None 15"
A‐1B* 0.67 3.16 0.9 1.9 1.91 SD‐1B None None 5.0 None 15"
A‐2 0.56 3.16 0.9 1.6 1.59 SD‐2 1.6 52% 6.6 12" 18"
A‐3 0.75 3.16 0.9 2.1 2.14 SD‐3 3.7 41% 8.7 18" 18"
A‐4 0.68 3.16 0.9 1.9 1.94 SD‐4 5.7 62% 10.7 18" 21"
A‐5* 1.80 3.16 0.9 2.3 5.11 SD‐5 None None 15.8 None 24"
A‐6 1.28 3.16 0.9 3.6 3.64 SD‐6 3.6 18% 19.4 24" 24"
A‐7 0.78 3.16 0.9 2.2 2.21 SD‐7 5.8 42% 21.6 24" 27"
A‐8 0.86 3.16 0.9 2.4 2.44 SD‐8 8.2 42% 24.1 24" 27"
A‐9 0.95 3.16 0.9 2.7 2.70 SD‐9 11.0 56% 26.8 24" 30"

A‐10A* 4.09 3.16 0.9 5.2 11.63 SD‐10A None None 11.6 None 21"
A‐12 1.83 3.16 0.9 5.2 5.19 SD‐12 5.2 57% 5.2 15" 15"
A‐13 1.96 3.16 0.9 5.6 5.57 SD‐13 5.6 61% 5.6 18" 18"

A‐14A* 5.10 3.16 0.9 6.4 14.50 SD‐14A None None 14.5 None 24"
A‐14B* 0.37 3.16 0.9 0.5 1.07 SD‐14B None None 1.1 None 12"
A‐16A* 6.61 3.16 0.9 8.4 18.81 SD‐16A None None 18.8 None 24"
A‐16B* 6.09 3.16 0.9 7.7 17.32 SD‐16B None None 17.3 None 24"
A‐16C 9.30 3.16 0.9 11.8 26.45 SD‐16C 11.8 44% 26.5 27" 27"
A‐17 5.76 3.16 0.9 7.3 16.37 SD‐17 7.3 13% 16.4 36" 36"
A‐18* 2.50 3.16 0.9 3.2 7.10 SD‐18 None None 7.1 None 18"

Avg. = 60%

* No existing storm drain exists for these areas. 

Assumptions:  Storm Drain Pipe Capacities:
Existing C = 0.4 3.09 cfs
Proposed C = 0.9 5.60 cfs
I10, (in/hr) = 3.16 9.10 cfs
Q = C ∙ I ∙ A 13.73 cfs

19.60 cfs
26.84 cfs
35.54 cfs
57.80 cfs

Assumptions
Existing pipe sizes are unknown and are assumed, based on the areas the appear to drain.  

36" RCP @ 1%: Max = 

21" RCP @ 1%: Max = 

12" RCP @ 1%: Max = 

18" RCP @ 1%: Max = 
15" RCP @ 1%: Max = 

30" RCP @ 1%: Max = 

24" RCP @ 1%: Max = 
27" RCP @ 1%: Max = 



Storm Drain Design Standards Page DS-4-6 DS-SEC 04-REV: 9 May 06

d. Rainfall Intensity (I10)

The rainfall intensity is based on the assumption that the peak runoff occurs
when the storm duration is equal to the time of concentration.  The rainfall
intensity can be determined either from the Table 3-4B in the SCWA
Hydrology Manual (latest edition) or from the following equation.

c

c

t

t
MAP

I

42908.0

10
1440

257.10

Where: 

I10   = 10-year rainfall intensity, in/hr 
MAP = Mean Annual Precipitation (Figure 2-2, SCWA   

  Hydrology Manual) 
tc   = time of concentration, minutes 

(Note: The equation for I10 is based on the SCWA Hydrology Manual, June 
1999 edition which is subject to change.) 

To calculate rainfall intensity using Table 3-4B from the SCWA Hydrology 
Manual, the mean annual precipitation (MAP) is determined from Figure 
2-2 of the SCWA Hydrology Manual, the storm duration is set equal to the
time of concentration (tc), and rainfall depth is read/interpolated from Table
3-4B. The rainfall intensity is calculated by dividing the rainfall depth
(from Table 3-4B) by the duration of the design storm (in hours).

e. Tributary Area (A)

This is the area tributary to the computation point and shall include all
areas that will contribute runoff to the drainage system, regardless of the
land area limits of the particular development.

1
42908.0

t
MAP cct

1440
10

III10
ctc

.0 257..

tc = 10 min

I10 = 10.257 (26) 0.42908

1440
10

10

I10 = 3.16 in/hr
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

SOUTH AREA

1 8" PVC 1,600 LF $75.00 $120,000

2 10" PVC 200 LF $90.00 $18,000

3 12" PVC 750 LF $105.00 $78,750

4 Hydrants 8 EA $4,000.00 $32,000

SOUTH AREA TOTAL $248,750 $401,336

MID-NORTH AREA

1 8" PVC 4,400 LF $75.00 $330,000

2 10" PVC 0 LF $90.00 $0

3 12" PVC 1,100 LF $105.00 $115,500

4 Hydrants 19 EA $4,000.00 $76,000

MID- NORTH AREA TOTAL $521,500 $841,394

NORTH AREA

1 8" PVC 6,000 LF $75.00 $450,000

2 Hydrants 18 EA $4,000.00 $72,000

NORTH AREA TOTAL $522,000 $842,201

FAR NORTH AREA

1 8" PVC 3,200 LF $75.00 $240,000

2 Hydrants 10 EA $4,000.00 $40,000

FAR NORTH AREA TOTAL $280,000 $451,755

SUBTOTAL HARD COSTS $1,572,250 $2,536,687

CONTINGENCY

ESTIMATING CONTINGENCY 20.00% $314,450

SUBTOTAL CONSTRUCTION COSTS $1,886,700

MARK-UPS 

GENERAL CONDITIONS 15.00% $283,005

OVERHEAD & PROFIT 8.00% $173,576

INSURANCE & BONDS 2.25% $52,724

SUBTOTAL MARK-UPS $509,305

SUBTOTAL CONSTRUCTION COSTS & MARK-UPS $2,396,005

ESCALATION

ESCALATION 0.83% $19,887

WATER
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

SUBTOTAL CONSTRUCTION COSTS $2,415,892

CONSTRUCTION CONTINGENCY 5.00% $120,795

TOTAL CONSTRUCTION COSTS $2,536,687 $2,536,687
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE:JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

SOUTH AREA

1 6" PVC 500 LF $60.00 $30,000

2 CLEANOUT 2 EA $500.00 $1,000

3 Manholes 2 EA $4,000.00 $8,000

SOUTH AREA TOTAL $39,000 $62,923

MID-NORTH AREA

1 6" PVC 275 LF $60.00 $16,500

2 CLEANOUT 2 EA $500.00

3 Manholes 3 EA $4,000.00 $12,000

MID- NORTH AREA TOTAL $28,500 $45,982

NORTH AREA

1 8" PVC 1,150 LF $75.00 $86,250

2 CLEANOUT 2 EA $600.00

3 Manholes 3 EA $4,000.00 $12,000

NORTH AREA TOTAL $98,250 $158,518

FAR NORTH AREA

1 8" PVC 350 LF $75.00 $26,250

2 CLEANOUT 2 EA $600.00

3 Manholes 3 EA $4,000.00 $12,000

FAR NORTH AREA TOTAL $38,250 $61,713

LIFT STATION 1 LS $50,000 $50,000 $80,671

SUBTOTAL HARD COSTS $254,000 $409,807

CONTINGENCY

ESTIMATING CONTINGENCY 20.00% $50,800

SUBTOTAL CONSTRUCTION COSTS $304,800

MARK-UPS 

GENERAL CONDITIONS 15.00% $45,720

OVERHEAD & PROFIT 8.00% $28,042

INSURANCE & BONDS 2.25% $8,518

SUBTOTAL MARK-UPS $82,279

SUBTOTAL CONSTRUCTION COSTS & MARK-UPS $387,079

ESCALATION

ESCALATION 0.83% $3,213

SUBTOTAL CONSTRUCTION COSTS $390,292

SEWER
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE:JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

CONSTRUCTION CONTINGENCY 5.00% $19,515

TOTAL CONSTRUCTION COSTS $409,807 $409,807
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE: JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

SOUTH AREA

1 12" RCP 35 LF $65.00 $2,275

2 24" RCP 60 LF $140.00 $8,400

3 Catch Basins 4 EA $2,500.00 $10,000

SOUTH AREA TOTAL $20,675 $33,357

MID-NORTH AREA

1 15" RCP 300 LF $85.00 $25,500

2 18" RCP 200 LF $105.00 $21,000

3 21" RCP 550 LF $120.00 $66,000

4 24" RCP 75 LF $140.00 $10,500

5 27" RCP 275 LF $170.00 $46,750

6 30" RCP 125 LF $195.00 $24,375

7 Catch Basins 16 EA $2,500.00 $40,000

MID- NORTH AREA TOTAL $234,125 $377,740

NORTH AREA

1 24" RCP 125 LF $140.00 $17,500

2 Catch Basins 3 EA $2,500.00 $7,500

NORTH AREA TOTAL $25,000 $40,335

FAR NORTH AREA

1 18" RCP 65 LF $105.00 $6,825

2 Catch Basins 2 EA $2,500.00 $5,000

FAR NORTH AREA TOTAL $11,825 $19,079

SUBTOTAL HARD COSTS $291,625 $470,511

CONTINGENCY

ESTIMATING CONTINGENCY 20.00% $58,325

SUBTOTAL CONSTRUCTION COSTS $349,950

MARK-UPS 

GENERAL CONDITIONS 15.00% $52,493

OVERHEAD & PROFIT 8.00% $32,195

INSURANCE & BONDS 2.25% $9,779

SUBTOTAL MARK-UPS $94,467

SUBTOTAL CONSTRUCTION COSTS & MARK-UPS $444,417

ESCALATION

ESCALATION 0.83% $3,689

SUBTOTAL CONSTRUCTION COSTS $448,106

CONSTRUCTION CONTINGENCY 5.00% $22,405

STORM
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ROM ESTIMATE WORKSHEET
SOLANO COUNTY
PROJECT: NUT TREE AIRPORT UTILITY MASTER PLAN

PHASE: CONCEPTUAL

ESTIMATE DATE: JULY 1, 2018

BID DATE: UNKNOWN

PREPARED BY:  T. PRECHEL

UNIT TOTAL TOTAL COST

ITEM DESCRIPTION QTY UNIT PRICE COST W/ MARKS

TOTAL CONSTRUCTION COSTS $470,511 $470,511




