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Executive Summary 
EX.1 Background and Purpose 
The Wilroy Pressure Reducing Station (PRS) and Offline Storage Facility (OLSF) Capital Improvements 
Program (CIP) project (NP014000) is intended to provide pressure relief and increase system 
capacity for areas of Suffolk and Isle of Wight County during wet weather events. Since 2009, there 
have been numerous weather-related sanitary sewer overflow events reported by the City of Suffolk 
and HRSD. 

A pressure reducing station in the vicinity of Wilroy Road has been planned by HRSD for many years, 
and HRSD even owns a small parcel of land with branches off the existing 30-inch force main with 
this thought in mind.  

 
Figure EX-1. Wilroy PRS/OLSF General Location  

The Wilroy PRS and OLSF project was identified as a Phase 1 High Priority Project in the Regional 
Wet Weather Management Plan (RWWMP) solution set submitted to the United States Environmental 
Protection Agency (EPA) and Virginia Department of Environmental Quality (DEQ) as part of the 
HRSD’s Consent Decree. This project has a regulatory completion date of December 31, 2030. 

EX.2 Facility Overview & Considerations 
At this stage of the project, a final site has not been selected; however, significant effort has been 
made to narrow the list of candidate locations. Three sites, all located on Wilroy Road just south of 
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the HRSD’s SF-214 connection (from Windsor and Isle of Wight County), have been identified as 
ideal candidates for the location of the new Wilroy PRS and OLSF. The three sites range in size from 
3.3 to 5.4 acres (Sites 25, 26, and 27 below in Figure EX-2 would be combined into one site). All 
three sites are currently zoned for B-2 and would require re-zoning to either A, M-1, or M-2 to allow 
the OLSF. 

 
Figure EX-2. Refined Candidate Site Locations  

From the HART Report provided by HRSD, the design parameters for the Wilroy PRS/OLSF are as 
follows: 

Table EX-1.  Design Parameters 

PRS  

Pump Flow Range 4,000-7,000 gpm 

Min.-Max. Pressure Relief (TDH) 40-80 ft 

Suction Set Point 30 ft 

OLSF  

Storage Volume 3 MG 

 

Using data from the HART Report, four flow scenarios exist for the Wilroy PRS and OLSF: 

1. Dry weather flow scenario – During dry weather flow will bypass the PRS through the station 
bypass piping. Dry weather operation will occur whenever the hydraulic grade line (HGL) is 
below the PRS initiation setpoint. Dry weather operation will resume once the HGL drops 
below the PRS off setpoint, set below the initiation setpoint to avoid cycling.  

2. PRS operating flow scenario – Once the HGL increases above the initiation setpoint the PRS 
will turn on and the bypass will close. The PRS will remain in operation until the shutdown 
setpoint is reached. The PRS pumps will turn on and off and ramp up and down to maintain a 
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desired suction HGL. Appropriate setpoints and minimum run times will be identified to 
provide smooth operation and avoid cycling. 

3. PRS and OLSF operating flow scenario – Once the PRS reaches the maximum capacity of 
7,000 gpm, the valve to the OLSF will begin to open allowing flow to be directed to the OLSF 
at a rate required to maintain the desired suction HGL, the setpoint will be adjustable and 
set above the PRS operating setpoint. If the HGL begins to fall the valve will close reducing 
flow directed to the OLSF. If the suction side HGL continues to fall the valve will close and the 
system will revert back to the PRS operating flow scenario. The valve to the OLSF will close 
once it reaches maximum operating level. 

4. Drain flow scenario – Once the OLSF is no longer filling and the discharge side HGL is below 
a set point the OLSF will begin to drain.  

The flow and HGL conditions for each scenario have been determined to be as shown in Table EX-2. 

 
Table EX-2.  Design Flows and Boundary Conditions 

Scenario Description Flow Range (gpm) Upstream HGL (ft) Downstream HGL (ft) 

1 Dry weather  <3,908a <70 <70 

2 PRS Operating 4,000 to 7,000 30 70 to 104d 

3 PRS and OLSF Operating 7,000 to 15,462b 30 104d 

4 Drain 2,083c -- 30 to 65e 

a. DW Max from HART Report. 
b. WW Max from HART Report.  
c. Flow required to drain the OLSF in 24-hrs 
d. Max simulated discharge HGL from HART Report.  
e. Downstream HGL when the OLSF control valve closes from HART Report.  

 

Multiple alternatives were considered for layout and configuration of the PRS and OLSF. With a 
suction set point of 30 feet, and an existing approximate site elevation of 23 feet, the option of filling 
the tank using influent line pressure (as would typically be preferred) would require burying the tank 
and the drain pumps more than 25 feet below grade. In addition to considering whether to fill the 
tank with line pressure, options were considered for filling the tank with the PRS pumps and drain 
pumps. 

Various pump options were evaluated including dry and wet pit submersible, screw centrifugal, and 
extended shaft pumps. Pump efficiencies, life-cycle costs, ease of operation and maintenance were 
considered in the pump evaluation. 

An evaluation of various tank styles, sizes, configuration, and construction methods was performed. 
This included prestressed concrete, cast-in-place, and post-tensioned concrete. A review of cover 
options and corrosion protection was also conducted.  

Based on direction from HRSD, the OLSF will be used intermittently for wet weather flow 
management and not be used on a regular basis for diurnal peak shaving. This is an important factor 
in selection of both the tank cleaning system and also odor control. Various options were considered 
for cleaning including hose/water cannon washdown, mixing, deluge, tipping buckets, and two-types 
of flushing systems. 
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Odor control design is affected by both the frequency of use as well as the strength and composition 
of the influent flow. Various options for odor control as well as a planned sampling program are 
provided in this report that will inform the final design. 

This document also details the evaluation and recommendations for electrical, instrumentation and 
controls, structural, civil site design, building mechanical, and architectural options. 

EX.3 Additional Evaluations 
BC conducted several evaluations beyond the technical details of the PRS and OLSF design. Many of 
these efforts are preliminary plans to be implemented as part of final design: 

• An initial plan was developed for the Environmental Evaluation upon selection of the final 
site. This includes wetland delineation, protected species, invasive species, and historic and 
cultural resources. 

• A Permitting Plan was developed to identify the necessary permits and process for this 
project. 

• A Community Outreach Plan was reviewed to identify project stakeholders and develop and 
approach for coordination. 

• An Envision workshop was held on May 23, 2022, with HRSD staff to determine the likely 
certification level that could be achieved as well as identify action items to maintain and 
improve the certification level for the project. Although HRSD may not apply for Envision 
certification, this process helps identify opportunities for making the project more 
sustainable. 

EX.4 Recommendations 
Based on the evaluations described in Section EX.2, Brown and Caldwell has made the following 
recommendations for the Wilroy PRS and OLSF: 

• Following survey, geotechnical evaluation, and preliminary environmental assessment, the 
JTF Properties (Sites 25, 26, and 27) appear to be the preferred option for locating the new 
PRS and OLSF 

• Design and construct a PRS building (approximately 11,375 SF) with a lower level 
approximately 10 feet below grade that will house: 

o Four (4) dry pit submersible PRS pumps (3 duty, 1 standby) –185 HP (each) with a 
firm capacity of 15,462 GPM @ 81 TDH 
 The pumps are sized to meet PRS pumping requirements and to fill the OLSF 

o Three (3) dry pit submersible drain pumps (2 duty, 1 standby) – 25 HP (each) with a 
firm capacity of 2,083 GPM @ 48 TDH 

o Generator (1.5MW, 480/277V, 3-phase, 4-wire generator) 
o Electrical Room 
o Bathroom 
o Bridge Crane 

• Design and construct a single round 3 MG prestressed concrete tank  
o Approximately 130 feet in diameter and 35 feet in height and set at grade 
o Vacuum flushing system and perimeter collection trough 
o No tank lining 
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o Dome cover 
o Odor control unit utilizing activated carbon (with room left for additional system if 

needed for future) 
• Architectural style will be reviewed with HRSD and either the contemporary option or barn 

option is acceptable 
 

A full set of conceptual drawings is included in Appendix F. 

 
Figure EX-3. PRS Plan View 

 
Preliminary Opinion of Probable Construction Cost 

Based on the typical accuracy of a Class 4 estimate, the expected range of costs are shown in Table 
EX-3 below. 

Table EX-3. Opinion of Probable Construction Cost 

Upper Range Estimated Cost Lower Range 
+50%   -30% 

$72,598,551 $48,399,034 $33,879,324 
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The cost opinion has been developed by BC’s cost estimating professionals and subjected to review 
by senior staff. It includes a 30% contingency (appropriate based on current level of design and 
unknown site conditions), an additional CMAR fee, BC’s construction services, and a mid-point 
escalation cost.  
Section 11.3 provides a review of potential project funding requirements including significant 
impacts of the Buy America, Build America Act. 
Schedule: 
The proposed preliminary project schedule is shown in Table EX-4 below. 
 

Table EX-4. Project Schedule 
Task Completion date 

Final PER Sept 2022 

CMAR Selection Dec 2022 

Final Design Sept 2023 
Construction Start Dec 2023 

Substantial Completion Sept 2025 
Project Completion Dec 2025 
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Section 1 

Introduction 
The Wilroy Pressure Reducing Station (PRS) and Offline Storage Facility (OLSF) Capital Improvements 
Program (CIP) project (NP014000) is intended to provide pressure relief and increase system 
capacity for areas of Suffolk and Isle of Wight County during wet weather events. This preliminary 
engineering report (PER) will document the results from the following activities: 
• Site selection 
• Development of design alternatives and a recommendation on design approach 
• Identify design standards and codes 
• Develop conceptual design drawings 
• Develop architectural renderings 
• Permitting plan 
• Environmental evaluation 
• Community outreach plan 
• Contractor procurement options 
• List of specifications 
• Risk Register 
• Project Schedule 

1.1 Background 
A pressure reducing station in the vicinity of Wilroy Road has been planned by HRSD for many years, 
and HRSD even owns a small parcel of land with branches off the existing 30-inch force main with 
this thought in mind. The Wilroy PRS and OLSF project was formally identified in the Regional Wet 
Weather Management Plan (RWWMP) solution set submitted to the United States Environmental 
Protection Agency (EPA) and Virginia Department of Environmental Quality (DEQ) as part of the 
HRSD’s Consent Decree. In 2017, HRSD submitted to the EPA/DEQ, after amendments of the 
Consent Decree, an Integrated Plan (IP) with a list of high priority projects which included the Wilroy 
project. This plan was revised again in 2020 and finally approved in 2022. 

The Wilroy PRS and OLSF as defined in the RWWMP was evaluated using the Regional Hydraulic 
Model (RHM) with a 5-year peak flow recurrence event as an input flow to the model. The modeling 
efforts are documented in the Hydraulic Analysis for Wilroy PRS and Offline Storage Tank Facilities 
(CIP NP014000) (Hydraulic Analysis Review Team (HART) Report included as Appendix B).  

1.2 Purpose 
The purpose of the Wilroy PRS and OLSF is to reduce sanitary sewer overflows (SSOs) during wet 
weather events. As documented in the HART Report, since 2009 there have been approximately 196 
capacity weather related overflows events report in the City of Suffolk representing approximately 33 
distinct locations within the City’s sanitary sewer system. The reported estimated total volume of 
wastewater spilled during those events was approximately 3 million gallons (MG). Also, HRSD 
reported approximately 6 SSO events since 2009 with an estimated total volume of 0.6 MG and all 
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of them occurred around the Shingle Creek gravity interceptor or at the receiving station, HRSD 
Suffolk Pump Station (PS) #135.  

As a Phase 1 High Priority Project in the RWWMP, HRSD must complete the Wilroy PRS/OLSF by 
December 31, 2030; however, HRSD is constructing two new pumping stations to replace the 
existing Suffolk PS which will greatly benefit from the completion of the Wilroy project. 

1.3 Workshops 
A series of workshops were held with HRSD staff that were used in the development of this 
Preliminary Engineering Report (PER).  

• A Hydraulics and Facility Configuration Workshop was held on April 20, 2022. The meeting 
included a review of alternatives for the process mechanical design criteria and preliminary 
facility layouts.  

• An Envision Workshop was held on June 23, 2022. BC and HRSD walked through the 
Envision online tool and developed a preliminary Envision Score.  

• An Electrical and Process Control/SCADA Workshop was held on June 26, 2022. The meeting 
included discussion of SCADA integration, process controls, and electrical design criteria. 

1.4 Design Requirements 
The Wilroy PRS and OLSF will be located along the Suffolk IFM Section V (SF-190) 30-inch 
prestressed concrete cylinder pipe (PCCP) following Wilroy Road and Nansemond Parkway in Suffolk, 
VA. In order for it to provide relief to Windsor, it must connect downstream of the 24-inch Hillpoint Rd 
IFM (SF-214). The HART Report identified two potential locations for the Wilroy PRS/OLSF shown in 
Figure 1-1. The report recommended Alternative 2 as the location of the PRS/OLSF.  

 
Figure 1-1.  Potential Locations for Wilroy PRS/OLSF 
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The HART Report documented the following design parameters for the Wilroy PRS/OLSF: 

 
Table 1-1.  Design Parameters 

PRS  
Pump Flow Range 4,000-7,000 gpm 
Min.-Max. Pressure Relief (TDH) 40-80 ft 
Suction Set Point 30 ft 

OLSF  
Storage Volume 3 MG 
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Section 2 

Site Selection 
HRSD’s HART report conducted analysis of two alternative site locations for the PRS and OLSF. The 
two alternative site locations can be seen on Figure 2-1. Alternative 1 location is in the vicinity of the 
Nansemond Parkway and Upton Lane intersection. Alternative 2 location is located near the 
connection of the Windsor Line (SF-214) and Wilroy Road Line (SF-190). In the HART analysis, it was 
determined that the closer the PRS/OLSF is to the Windsor line tie-in, the more benefit and relief 
that is provided to the system. This would mean that Alternative 2 location provides maximum relief 
in the upstream parts of the interceptor system. Note that if a connection point is upstream of the 
Windsor Line, an extension would be required to tie-in to the new PRS and OLSF. This tie-in is 
important to ensure that the new PRS provides the relief to the Windsor system. 

 

 
Figure 2-1.  HART Report Alternative Site Locations 

 

2.1 Alternatives 
BC evaluated 27 different properties in the area located within proximity of both alternatives listed in 
the HART report, see Figure 2-2. In this evaluation, BC reviewed and ranked the properties based on 
multiple criteria found within the Institute for Sustainable Infrastructure (ISI) Envision categories. 
These categories include the natural world, climate and resilience, quality of life, resource allocation 
and leadership. Table 2-1 (in Appendix C) describes category criteria and defines the rank scores. A 
detailed site selection analysis with ranking can be found in Appendix C. 
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Figure 2-2. Potential Site Locations from BC Evaluation  
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2.2 Selection 
After significant effort to identify properties that both satisfy HRSD’s needs for a site and also are 
likely able to be acquired in a timely manner, BC has identified three property owners that are 
potentially open to selling their property to HRSD for this project. All these sites are on the upstream 
portion of the SF-190 line just upstream of the connection of the Windsor line (SF-214) and would all 
provide significant hydraulic relief for the Suffolk and Isle of Wight systems. These three sites are 
identified as site numbers 23 through 27 from Table 2-2 (in Appendix C). Property information for 
these individual sites is listed in Table 2-3. While sites 25, 26, and 27 are all under the minimum 
three acres required to build the PRS/OLSF they are all owned by the same company who has 
indicated they are willing to sell them together.  

 
Table 2-3.  Property Information 

Site # Parcel ID Owner Zone 
Classification Lot Size (ac) Site Map Color 

(Figure 2-2)  

23 304649300 CITY OF CHESAPEAKE  B-2 4.6 Blue 

24 303392500 MARK WAHLSTROM & 
DEBORAH J TR B-2 3.31 Green 

25 301260000 JTF PROPERTIES LLC B-2 2.82 Orange 

26 304324200 JTF PROPERTIES LLC B-2 1.47 Orange 

27 304324300 JTF PROPERTIES LLC B-2 1.08 Orange 

 

 
Figure 2-3. Refined Candidate Site Locations  



Wilroy PRS and OLSF PER Section 2 

 

 
2-4 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

As of the draft date of this report, HRSD and BC are performing due diligence survey, geotechnical 
borings, and environmental assessment and will likely be moving forward to acquire property from 
one of these three properties owners which are listed in order of preference:  

1. Sites 25, 26, and 27 (referred to as JTF Properties) 

2. Site 24 

3. Site 23 (referred to as the Chesapeake property) 

2.3 Existing Conditions 
All three sites are included in the Chesapeake Bay Preservation Area (CBPA) with a small portion, 
near the back of each of the properties, included in the resource protection boundary line or 
Resource Protection Area (RPA). New construction is allowed in the CBPA but should not encroach on 
the RPA (50-foot seaward portion). None of the properties are identified in the City of Suffolk’s 
Intensely Developed Areas (IDAs). See Figure 2-3 for properties and the RPA boundary. The RPA 
boundary is shown as the yellow dashed line on Figure 2-3. 

2.3.1 JTF Properties 
The JTF Properties locations consist of three sites all zoned for B-2 classification that have a total lot 
size of 5.37 acres. These properties are bordered by Wilroy Road to the east, the Nansemond River 
to the west, the Children’s Center to the north and Site 24 lot to the south. The properties are mostly 
wooded with a few small structures on them. The HRSD 30-inch IFM runs along Wilroy right in front 
of the property for close tie-in. The Windsor Line (SF-214) is located approximately 1000 feet to the 
north and would need to be extended south to the new PRS/OLSF. 

2.3.2 Site 24 
Site 24, owned the Wahlstroms Trust, consists of a total lot size of 3.31 acres and is zoned for B-2 
classification. This property is bordered by Wilroy Road to the east, the Nansemond River to the west, 
JTF Properties to the north, and Evans Farms to the south. Evans Farms is a family owned and 
operated local produce farm with a farmers' market open to the public. Site 24 is mostly maintained 
grass with woods in the rear near the RPA.  The HRSD 30-inch IFM runs along Wilroy right in front of 
the property for close tie-in. The Windsor Line (SF-214) is located approximately 1500 feet to the 
north and would need to be extended south to the new PRS/OLSF. 

2.3.3 Chesapeake Site 
The Chesapeake site, owned by the City of Chesapeake to install their new 36” raw water 
transmission main, consists of a total lot size of 4.6 acres and is currently zoned for B-2 
classification. This property is bordered by Wilroy Road to the east, the Nansemond River to the west, 
the Ryan Construction the north and the Children’s Center to the south. The HRSD 30-inch IFM runs 
along Wilroy right in front of the property for close tie-in. The Winsor Line (SF-214) is located along 
the north property line shared with Ryan Construction. The site is mostly woods with some wetlands 
identified onsite. Also, the site elevation starts to drop-off in the middle of the property, leaving less 
than two acres of useable development. 

2.4 Geotechnical  
On July 7, 2022, Schnabel Engineering, LLC (Schnabel) performed a preliminary exploration of 1941-
1949 Wilroy Road (JTF properties), Suffolk Virginia. Schnabel performed a subsurface exploration 
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and field-testing program to identify the subsurface stratigraphy underlying the site. The full report 
can be found Appendix A. Boring location map can be seen on Figure 2-4. 

The project sites are located within the Coastal Plain Province of Virginia. A review of existing 
geologic data and information in the area, and the Geologic Map and Generalized Cross Sections of 
the Coastal Plain and Adjacent Parts of the Piedmont, Virginia (VA DMME, 1989) shows that the 
project site is underlain by Pleistocene Age alluvial soils of the Tabb Formation and the Miocene Age 
marine soils of the Yorktown Formation. 

Groundwater was observed in the boring at a depth of 6 ft, about EL 14. At this time no long-term 
water level readings were taken. The final design should anticipate the fluctuation of the hydrostatic 
water table depending on variations in precipitation, surface runoff, pumping, tidal action, 
evaporation, leaking utilities, stream levels, and similar factors.  

Schnabel recommends the final geotechnical engineering study include one day of in-situ testing, 
such as Dilatometers (DMTs), and several supplemental SPT borings to obtain soil samples for 
laboratory testing and to install at least one temporary groundwater monitoring well. Laboratory 
testing should include gradations, Atterberg limits, moisture contents, natural density, one-
dimensional consolidation, and corrosion tests. 

 
Figure 2-4. Boring Location Plan 

2.5 Zoning 
Table 2-4 identifies the zoning classes that under the City of Suffolk zoning ordinance allow for above 
ground storage tanks up to 65 feet tall. All the candidate properties being investigated during the 
site section portion are classified as B-2, which currently prohibits above ground storage tanks. 
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Table 2-4. Zoning Classes 

Zone Class Permitted, Conditional, 
or Prohibited Use 

A Conditional 

M-1  Conditional 

M-2 Permitted 

All Others Prohibited Use 

 

Once the land is acquired by HRSD the rezoning process can be started. An application for rezoning 
will be required. BC has initiated discussion with the City of Suffolk on this topic and at this time the 
City has no objections to the land being rezoned to M-1 and obtaining a conditional use permit for 
the OLSF. The city did state that rezoning to M-2 (heavy industrial) would not be possible due to the 
other zoning classes in the area. BC presented the project to the City of Suffolk Department of 
Economic Development “Friday morning meeting” on May 6, 2022, to discuss the project, potential 
property acquisition, and the necessary rezoning. The rezoning process takes approximately six or 
more months to complete according to the City, and the application requires the following 
analysis/reports (an exemption wavier can be acquired for any of these with approval of the 
director): 
• Public facilities report  

o Water level of service 
o Sewer level of service 
o Stormwater management drainage data 

• Traffic impact study 
• Fiscal impact analysis 
• Major water quality impact assessment 
• Soils report 
• Phase I environmental site assessment 
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Section 3 

Hydraulic Evaluation 
3.1 Design Flows and Boundary Conditions 
The Wilroy PRS/OLSF will provide pressure relief and increase system capacity during wet weather 
events; and based on discussions with HRSD staff, diurnal use (“peak shaving”) is not anticipated at 
this time. The Wilroy PRS/OLSF will have four main flow scenarios. A description of the scenarios, 
design flows, and boundary conditions used in this PER are provided below: 

1. Dry weather flow scenario – During dry weather flow will bypass the PRS through the station 
bypass piping. Dry weather operation will occur whenever the hydraulic grade line (HGL) is 
below the PRS initiation setpoint. Dry weather operation will resume once the HGL drops 
below the PRS off setpoint, set below the initiation setpoint to avoid cycling. 

2. PRS operating flow scenario – Once the HGL increases above the initiation setpoint the PRS 
will turn on and the bypass will close. The PRS will remain in operation until the shutdown 
setpoint is reached. The PRS pumps will turn on and off and ramp up and down to maintain a 
desired suction HGL. Appropriate setpoints and minimum run times will be identified to 
provide smooth operation and avoid cycling.  

3. PRS and OLSF operating flow scenario – Once the PRS reaches the maximum capacity of 
7,000 gpm, the valve to the OLSF will begin to open allowing flow to be directed to the OLSF 
at a rate required to maintain the desired suction HGL, the setpoint will be adjustable and 
set above the PRS operating setpoint. If the HGL begins to fall the valve will close reducing 
flow directed to the OLSF. If the suction side HGL continues to fall the valve will close and the 
system will revert back to the PRS operating flow scenario. The valve to the OLSF will close 
once it reaches maximum operating level. 

4. Drain flow scenario – Once the OLSF is no longer filling and the discharge side HGL is below 
a set point the OLSF will begin to drain.  

 
Table 3-1.  Design Flows and Boundary Conditions 

Scenario Description Flow Range (gpm) Upstream HGL (ft) Downstream HGL (ft) 

1 Dry weather  <3,908a <70 <70 

2 PRS Operating 4,000 to 7,000 30 70 to 104d 

3 PRS and OLSF Operating 7,000 to 15,462b 30 104d 

4 Drain 2,083c -- 30 to 65e 

f. DW Max from HART Report. 
g. WW Max from HART Report.  
h. Flow required to drain the OLSF in 24-hrs 
i. Max simulated discharge HGL from HART Report.  
j. Downstream HGL when the OLSF control valve closes from HART Report.  
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3.2 Design Standards 
Below is a list of standards used in preparation of the PER and will be used in the design of the PRS 
and OLSF: 

• HRSD Design and Construction Standards, January 2022 (or the most current version 
available at the start of design) 

• Virginia Administrative Code Chapter 790, Sewage Collection and Treatment Regulations.  

• Pump NPSH Margin will follow ANSI/HI 9.6.1 Rotodynamic Pumps Guideline for NPSH Margin 

• Pump operating range will follow ANSI/HI 9.6.3 Rotodynamic (Centrifugal and Vertical) 
Pumps – Guidelines for Allowable Operating Region 

• Piping layout and sizing will follow ANSI/HI 9.6.6 Rotodynamic Pumps for Pump Piping 

• Pump intake design will follow ANSI/HI 9.8 Pump Intake Design 
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Section 4 

Design Alternatives 
The following section provides details on the alternatives evaluated for the PRS/OLSF and 
recommends a selected alternative. The alternatives were discussed during the Hydraulics and 
Facility Configuration Workshop with HRSD staff on April 20, 2022. The alternatives can be 
categorized as the following: 

• OLSF fill alternatives 

• PRS and drain pump types 

• Drain pump location 

• PRS layout 

• OLSF tank alternatives 

• OLSF cleaning  

The various alternatives for each process were compared to determine a preferred overall system to 
meet the design requirements.  

Costs presented in Section 4 are for comparison purposes and do not include all construction costs 
and markups. These totals do not include costs associated with architecture, HVAC, plumbing, 
electrical, or I&C. The costs only include differences between the various alternatives and focus on 
the relative sizes of the PRS and OLSF, amount of excavation, shoring and dewatering required for 
the different alternatives, and the pump costs of the different alternatives. A full opinion of probable 
cost of the selected alternative is presented in Section 10.  

4.1 PRS Alternatives 
4.1.1 OLSF Fill Design 
A preliminary, localized hydraulic model was built to evaluate the various options. For hydraulic 
modeling of the three options, BC used AFT Fathom 12, a hydraulic modeling software developed by 
Applied Flow Technology. Modeling was limited to the new PRS and associated piping alone using 
HGL values from the HART report to establish boundary conditions for the surrounding interceptor 
system. 

Elevations used in development of OLSF fill alternatives are presented in Table 4-1.  

 
Table 4-1.  Site Elevations 

Location Elevation (ft) 
Grade 23 
Suction HGL during filling 30 
Existing FM 18 

The difference between the grade and suction side HGL during filling is only 7 feet. In order to fill the 
tank with the upstream line pressure (30 ft), this would require a very short tank or for the tank to be 
partially buried. For this reason, additional alternatives were explored for filling the OLSF.  



Wilroy PRS and OLSF PER Section 4 

 

 
4-2 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

A tank wall height of 30 ft was assumed in the development of alternatives, this value matched the 
assumption from the HART report. This height was also discussed with representatives from the 
Crom Corporation (tank construction company) and was agreed that it is an economical selection for 
a 3 MG circular AWWA D110 prestressed concrete tank. Although tanks can be constructed to 
almost any dimension, but the recommended heights are between 15’-10” and 63’-11” for a 3 MG 
round tank with the most economical heights between 32’-9” and 42’-3”. The final selected height 
will be further refined during detailed design but for the purpose of comparing alternatives a height 
of 30 ft was used. 

Three options were evaluated for filling the OLSF:  

1. Fill using upstream line pressure 

2. Fill using PRS pumps 

3. Fill using drain pumps 

4.1.1.1 Fill using upstream line pressure 

The preferred approach to filling the OLSF would be to use upstream line pressure to fill the tank 
without the need for additional pumping. This would require the suction side HGL to be above the 
high-water level of the OLSF. Per the HART report, the OLSF would only come online if the PRS is 
operating at full capacity and unable to maintain a suction side HGL of 30 ft. At that point, a control 
valve would open to allow flow into the OLSF. The control valve would modulate to maintain the 
suction side HGL set point of 30 ft. Therefore, the HGL used in filling the OLSF would be 30 ft, minus 
losses from the control valve and feed piping. As discussed above, grade at the proposed site is 
approximately at elevation of 23 ft. To fill the OLSF using line pressure, and assuming a tank height 
of 30 ft, would require the tank to be nearly completely buried to allow for the HGL on the fill side to 
be above the high-water level in the tank. Figure 4-1 shows a preliminary hydraulic profile of filling 
the OLSF under Option 1.  

 
Figure 4-1.  Option 1 Hydraulic Profile 

 

Figure 4-2 shows a flow diagram for Option 1 with the drain pumps shown within the PRS. Locating 
the drain pumps within the PRS would require the finished floor of the PRS to be below the bottom of 
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the OLSF to ensure adequate NPSHa (Net Positive Suction Head Available) is provided for the drain 
pumps. An alternative would be to use submersible pumps for the drain pumps and locate them 
within the OLSF. A sump would be provided within the OLSF to ensure the drain pumps have 
adequate NPSHa and submergence. This would allow the PRS to be smaller to house only the PRS 
pumps and would allow the PRS to be located closer to grade. The suction side HGL would provide 
adequate NPSHa for PRS operation.  

 

 
Figure 4-2.  Option 1 Flow Diagram 

Option 1 summary: 

• OLSF is filled off upstream line pressure 

• OLSF is nearly completely buried 

• Control valve controls flow into the OLSF 

• PRS pumps sized for PRS operation 

• Drain pumps sized for OLSF draining 

• Drain pumps can be located in the PRS (shown in Figure 4-2) or in the OLSF (submersible – 
not shown) 
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4.1.1.2 Fill using PRS Pumps 

The second option would be to locate the OLSF at grade and fill the tank using the PRS pumps. A 
hydraulic profile of Option 2 is presented in Figure 4-3.  

Figure 4

 
Figure 4-3. Option 2 Hydraulic Profile 

The pumping capacity of the PRS would be increased to meet the maximum wet weather flow 
presented in the HART Report of 15,462 gpm. Once a flow of 7,000 gpm is reached, a control valve 
would open to allow additional flow to be directed towards the OLSF. The control valve will modulate 
to maintain the upstream HGL of 30 ft. Figure 4-4 shows a flow diagram for the option with the drain 
pumps within the PRS. An alternative would be to use submersible pumps for the drain pumps and 
locate them within the OLSF. A sump would be provided within the OLSF to ensure the drain pumps 
have adequate NPSHa and submergence. This would allow the PRS to be smaller to house only the 
PRS pumps.  
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Figure 4-4.  Option 2 Flow Diagram 

Raising the OLSF to grade requires a control valve on the pump discharge during draining. Grade is 
assumed to be at elevation 23 ft, so a tank with a 30-ft side water depth (SWD) would have a high-
water surface elevation (WSE) of 53 ft. This would be 23 ft higher than the dry weather downstream 
HGL of 30-ft. When the static head is negative or zero, tank WSE >= discharge HGL, a control valve is 
necessary to add enough head to raise the system curve into a preferred operating region for the 
selected pump. When the static head is high enough the valve can open fully.  

Option 2 summary: 

• OLSF is filled off PRS pumps 

• OLSF is located at grade 

• Control valve splits flow between the existing FM and the OLSF 

• PRS pumps sized for PRS and OLSF filling operation 

• Drain pumps sized for draining 

• Drain pumps can be located in the PRS (shown in Figure 4-4) or in the OLSF (submersible) 

• Drain pumps require a control valve during tank draining 
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4.1.1.3 Fill using Drain Pumps 

The second alternative approach to filling the OLSF would be to locate the OLSF at grade and fill the 
tank using the drain pumps. The pumping capacity of the drain pumps would be increased to meet 
the additional flow above the PRS capacity of 7,000 gpm. For this scenario, the drain pumps 
capacity would be 8,462 gpm. Once the PRS is operating at full capacity and unable to maintain a 
suction side HGL of 30 ft, the drain pumps would turn on and pump into the OLSF. The pump speed 
would be adjusted to maintain the suction side HGL of 30 ft. The hydraulic profile would be the same 
as shown for Option 2. 

Using the drain pumps to fill the OLSF has an advantage over using the PRS pumps because it does 
not rely on balancing flow with a control valve; however, the wide range of design points makes it 
difficult to find a good pump selection. Preliminary design points for a three pump (two duty) 
arrangement are provided below in Table 4-2. 

 
Table 4-2.  Preliminary Drain Pump Design 

Operation Total Flow Flow per Pump TDH 
Filling OLSF, High Head 8462 4213 83 
Filling OLSF, Low Head 8462 4213 53 
Draining OLSF, High Head 2083 2083 55 
Draining OLSF, High Head 2083 2083 20 

 

Preliminary pumps could be identified to meet the filling conditions and pumps could be identified to 
meet the draining condition, but a pump that could meet both conditions within the preferred 
operating range (POR) could not be found.. For this reason, the option to fill the OLSF using the drain 
pumps was eliminated and not considered for further evaluation. Figure 4-5 shows a flow diagram 
for the option with the drain pumps shown within the PRS. Locating the drain pumps within the OLSF 
would not work for this option since the pumps are also used to fill the OLSF.    
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Figure 4-5. Option 3 Flow Diagram 

A control valve on the drain discharge is required as described in Section 4.1.1.2. 

Option 3 summary: 

• OLSF is filled off tank drain pumps 

• OLSF is located at grade 

• PRS pumps sized for PRS operation 

• Drain pumps sized for OLSF filling and draining 

• Drain pumps located in the PRS 

• Drain pumps require a control valve during tank draining 

4.1.2 Pump Type 
There will be two sets of pumps for the Wilroy PRS and OLSF.  

• PRS Pumps 
• OLSF Drain Pumps 
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For the PRS pumps, the following pumps were considered for use. 
• Dry Pit Submersible 
• Screw Centrifugal 
• Extended Shaft Non-clog centrifugal 

For the OLSF drain pumps, the same three pumps were considered in addition to wet pit submersible 
pumps installed in the OLSF. 

Dry Pit Submersible. Dry pit submersible pumps are currently used extensively throughout the HRSD 
system. Below is a picture of two dry pit submersible pumps installed at the Woodstock Off-Line 
Storage Facility. 

Figure 4-6.  Dry Pit Submersible Pumps Installed at Woodstock OLSF 

Dry pit submersible pumps are a variant of submersible pumps that have been modified to operate 
in a dry condition. These designs are the same submersible pump that would be used for the same 
application, but either mounted on a baseplate in a horizontal configuration or a vertical design 
supported by a combination inlet elbow and pump support. Since the pumps are not submerged 
during normal operation, motor cooling is necessary. Pumps can be provided with a closed loop 
cooling system using a glycol solution to avoid inefficiencies and maintenance issues related to using 
pumped water to cool the motor.  

Advantages include the following: 

• Ability to monitor pump health signs because the pump is not immersed in wastewater  

• Not susceptible to water damage should the dry well flood. Dry pit pumps are capable of 
pumping with a fully submerged dry well 

• Do not need a seal water system 

• Compact design limits alignment and vibration issues. Vibration sensors can be included to 
shutdown circuits should displacement exceed the manufacturer’s recommendations 

• Elimination of shafting and coupling 
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Disadvantages include the following: 

• Mechanical seal failure can lead to moisture in the motor housing 

• Motor cooling system failure can lead to overheating 

• Limited to small and medium sized pumps 

Wet Pit Submersible. Submersible pumps are comprised of a sealed motor direct connected to a 
pump volute. The pump impeller is mounted on the motor shaft and a double seal is provided to 
protect the motor windings from leakage along the shaft. The seal chamber can be either air-filled or 
oil-filled, with the latter more common. The pump is raised from or lowered to its pumping position 
on a guide rail system. The surrounding water can cool smaller pumps, but larger pumps typically use 
a closed loop cooling system using a glycol solution similar to the dry pit variation.  

 

Figure 4-7.  Submersible Pumps (Courtesy of Xylem) 

Advantages include the following: 

• No dry well required 

• No seal system 

• No suction piping or valves 

Disadvantages include the following: 

• Limited access for maintenance, the pump needs to be removed and cleaned for 
maintenance activities. 

• Pump is out of sight, signs that issues may be developing can be missed 

• Mechanical seal failure can lead to moisture in the motor housing 

• Motor cooling system failure can lead to overheating 

• Limited to small and medium sized pumps 

Screw Centrifugal. Screw centrifugal pumps were developed for wastewater applications where rags 
and accumulations of strings and solids have been found to be troublesome. The pump has a single 
blade impeller (reminiscent of an Archimedes screw pump or an auger) that operates in a specially 
cast inlet piece. Close clearance between the impeller vane and the inlet piece are required to 
maintain operational efficiency. The pumps can be provided as wet pit submersible, dry pit 
immersible, or horizontal or vertical dry pit separately mounted, close coupled, or built together.   
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Advantages include the following: 

• Large free passage that allows stringy objects and solids pass without clogging 

• Pump curves are typically relatively steep where flowrate is less sensitive to TDH changes 

• Wet pit and dry pit immersible arrangement do not require seal water 

Disadvantages include the following: 

• Close clearances can be problematic for gritty slurry applications 

• Vibration can be a problem because of the single vane since the disturbing frequencies often 
are in the range of harmonic response frequencies for piping systems 

• Impeller is larger and heavier than non-clog pumps requiring more robust bearings and shaft 

• Fewer selections because the impeller cannot be trimmed 

• Limited to small and medium sized pumps 

 
Figure 4-8.  Screw Centrifugal Pump Courtesy of Hidrostal 

 

Extended Shaft Pump. Extended shaft pumps are variations of a dry pit pump with the pump and 
drive located at different levels and connected with an extended shaft. The arrangement allows for 
the pump to be located in an area that can flood while locating the motor above the flood elevation 
minimizing impacts to flooding the dry well.  

Advantages include the following: 

• Motor can be located at grade in a more easily accessible location 

• Wide selection from a number of manufacturers. Large capacities available 

Disadvantages include the following: 

• Requires a seal water system 

• Shaft alignment and balancing needs close attention to avoid bearing wear 

• Requires intermediate bearings and access platforms for maintenance complicating the 
pump station structure 

• Exposed rotating shaft is a health and safety risk to operating staff 
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Figure 4-9.  Extended Shaft Pump 

4.1.2.1 Recommendation  

The extended shaft pump option was eliminated from further consideration because the advantages 
of the non-clog design and reduced maintenance of the dry and wet pit submersibles and screw 
centrifugal options outweigh the advantages of the extended shaft design. HRSD has moved away 
from the use of extended shaft pumps in recent years. Extended shaft pumps would have an 
advantage if the capacities were higher or if the design points could not be met with the more limited 
selections of the other options.  

Preliminary selections were made with the dry pit, wet pit, and screw centrifugal options. The 
efficiency of the dry pit and wet pit selections were consistently a couple of percentage points higher 
than the screw centrifugal selections and the capital cost of the pumps were approximately 45% 
lower with a dry pit or wet pit selection. Although NPSHr values for the preliminary screw centrifugal 
selections were lower than the preliminary wet pit and dry pit submersible selections (NPSHr values 
for the preliminary screw centrifugal selections ranged from 8 to 19-ft; compared with 9 to 23-ft for 
the preliminary wet pit and dry pit submersible selections) the difference was not significant and 
NPSHa values in all cases met minimum HI margins. Also, during the Hydraulics and Facility 
Configuration Workshop with HRSD staff on April 20, 2022, it was noted that screw centrifugal 
pumps and Xylem N-impeller dry pit submersible pumps performed essentially the same in 
preventing clogging during operation. For these reasons screw centrifugal pumps are not 
recommended.  

Based on this evaluation, the PRS pumps are recommended to be dry pit submersible pumps and 
the drain pumps are recommended to either be dry pit or wet pit pumps depending on the layout and 
configuration of the PRS and OLSF.  
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4.1.3 Pump Life Cycle Costs 
A life cycle cost analysis was performed to compare the costs associated with burying the tank to 
allow for filling using upstream line pressure with the costs to purchase, operate, and maintain larger 
PRS pumps.  

A very rough estimate of the number of events requiring operation of the PRS and OLSF was 
developed using system pressures at Suffolk PS MMPS-174, just upstream of the proposed Wilroy 
PRS site. A data set from 3/31/18 through 4/7/22 was used in the analysis. It should be noted that 
the HGL at the proposed site is anticipated to differ slightly from that seen at MMPS-174 and future 
weather patterns may increase the frequency that the PRS and OLSF are called into use, but it is 
believed that the dataset provides a reasonable estimate for use in comparing the two alternatives.  

The PRS would operate any time the HGL was above 70 ft. The OLSF would be online any time the 
HGL was above 100 ft. The data set showed the PRS would operate on average 196 hours per year 
and the OLSF would be in service an average of 7 days per year. 

The operating cost for the two options was calculated using preliminary pump selections for the PRS 
and drain pumps from the hydraulic model. For the PRS operating cost, the anticipated annual 
operating hours was used at the max flow. For the drain pump operating cost, it was assumed the 
pumps would operate for 24 hrs to drain the OLSF after each event.  

Figure 4-10 shows the HGL (1-hr increments) over the data set period. The orange line represents 
any time the PRS will be in operation and the blue line represents any time the OLSF will be in 
operation. 

 
Figure 4-10.  HGL of Suffolk PS MMPS-174 

 

Table 4-3 shows the net present worth (NPW) of the pump options for the two scenarios for filling the 
OLSF.  
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Table 4-3.  Life Cycle Analysis of Pump Options 

Scenario Description 
PRS Pumps Drain Pumps 

Total NPW Electricity 
Cost 

O&M 
Cost 

Capital 
Cost NPW Electricity 

Cost 
O&M 
Cost 

Capital 
Cost NPW 

1 

Fill using 
upstream 

line 
pressure 

$3,000 $9,000 $420,000 $690,000 $600 $4,000 $170,000 $270,000 $1,000,000 

2 
Fill using 

PRS pumps 
$3,000 $11,000 $540,000 $870,000 $300 $4,000 $170,000 $260,000 $1,200,000 

1. The life cycle analysis was evaluated over a 40-year time period 
2. The inflation rate used in the analysis was 2.4%, this is the long-term US inflation forecast from USDA 
3. O&M costs were assumed to be 2% of capital cost 
4. Capital costs are for pumps only, cost are from May 2022 from Xylem 
5. Capital costs for the drain pumps are shown as a dry pit configuration, a wet pit design will be approximately $5,000 more 
6. The capital costs presented do not include all project costs and is intended to compare the various pump options only and not 

a true representation of construction cost.  

As expected, the NPW of Scenario 1 is the lowest cost option for filling the OLSF since it relies on 
upstream line pressure to fill the OLSF instead of pumping. But the limited time the PRS and OLSF 
will be in operation per year makes the total difference relatively minor. The costs for the pumps for 
the two scenarios will be combined with the costs for constructing the PRS and OLSF to identify the 
preferred option.  

4.1.4 PRS Layout Options 
BC conducted analysis of multiple configurations of the PRS and OLSF focusing on ease of 
maintenance and life cycle cost. BC evaluated three main alternative layouts for the PRS which relied 
on the earlier discussion of OLSF elevation (based on how the tanks would be filled). The following 
alternatives were analyzed: 

• Alternative 1: Filling Using Line Pressure 
• Alternative 2: Filling Using PRS or Drain Pumps (all pumps inside the PRS) 
• Alternative 3: Drain Pumps Located in the OLSF 

 

4.1.4.1 Alternative 1 - Filling Using Line Pressure 

For this scenario we configured the station so that the OLSF would be filled utilizing the line pressure 
as discussed in Section 4.1.1.1 of this report. This required the PRS and OLSF to have a depth below 
grade of more than 28 feet. See Figure 4-11 and 4-12 for a sketch of the plan view and section view 
of the station configuration. The large amount of excavation (approximately 1950 cubic yards) and 
the dewatering required to construct the PRS and OLSF at the required depth makes this alternative 
the most expensive layout when compared the other configurations. 
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Figure 4-11.  Alternative 1 Plan View 

 
Figure 4-12.  Alternative 1 Section View 

 

The station is comprised of two floors. Each floor contains the following: 

Pump room (approximately 28 feet below grade): 

• Pumps for both PRS and tank draining 
• Valves 
• Pipes 
• Bridge Crane 

First floor (at grade): 

• Generator room 
• Electrical and control room 
• Bathroom 
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All equipment can be accessed and maintained by utilizing elevated platforms that are located 
around the pumps and valves. These platforms are designed to allow Operations staff to easily walk 
beneath to facilitate O&M activities. The suction and discharge header are located approximately 20 
feet above the lower pump room and would require additional platforms or lifts to access and 
maintain valves and flow meters. The first floor has a large opening to the pipe gallery which allows 
access to hoist and remove any pump, valve or piping below using a single bridge crane. Building 
code dictates the minimum required number of egress locations based floor level and travel distance 
between exits. Due to the depth and length of the station multiple egress points would be need in 
the pump room to meet code requirements. Building size and depth are shown in Table 4-4. 

 
 Table 4-4.  Alternative 1 Building Footprint Sizing 

Floor Area (sq-ft) FF Elevation 
Pump Room 6,250 23’ 
First Floor 6,250 -5’ 
Total Footprint 6,250   

 

4.1.4.2 Alternative 2 - Filling Using PRS or Drain Pumps (All pumps inside the PRS) 

Alternative 2 configures the station so that the OLSF are filled utilizing the PRS or OLSF drain pumps 
as discussed in Section 4.1.1.2. This alternative has all the pumps within the PRS building. See 
Figure 4-13 and 4-14 for a sketch of the plan view and section view of the station configuration. 

 
Figure 4-13.  Alternative 2 Plan View 
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Figure 4-14.  Alternative 2 Section View 

 

The station is comprised of two floors. Each floor contains the following: 

Pump room (approximately 10 feet below grade): 

• Pumps for both PRS and tank draining 
• Valves 
• Pipes 
• Bridge Crane 

First floor (at grade): 

• Generator room 
• Electrical and control room 
• Bathroom 

The pump room is accessible by multiple stairways to allow for easy access to multiple areas of the 
station that would be blocked by piping. The suction and discharge header are approximately 2 feet 
above the lower pump room finished floor elevation. Like the other alternatives, all equipment can 
be accessed and maintained by utilizing elevated platforms. These platforms are designed to allow 
the operation staff to easily walk beneath to facilitate O&M activities. The platforms are also used to 
navigate around and over the large suction and discharge piping. A singular bridge crane will be able 
to move all piping, valves, and pumps throughout the facility. A loading/landing area has been 
proposed near a rollup door to provide easy movement of the equipment and materials in and out of 
the station. Locating all the pumps inside the PRS increases the building footprint by 1,600 square 
feet compared to Alternative 3. This alternative allows the operators the ability to easily access the 
pumps and valving all within the same building. Building size and depth are shown in Table 4-5. 

 
Table 4-5.  Alternative 2 Building Footprint Sizing 

Floor Area (sq-ft) FF Elevation 
Pump Room 9,375 13’ 
First Floor 2,000 23’ 
Total 11,375   
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4.1.4.3 Alternative 3 - Drain pumps located in the OLSF 

Alternative 3 locates the OLSF drain pumps within tank itself which reduces the building total 
footprint as well as reducing the amount of excavation need for the pump room floor. See Table 4-5 
for building footprint sizing. The tank drain pumps would then be submersible style pumps that slide 
up and down on guide rails that are installed in the OLSF. A larger sump would be required in the 
OLSF to accommodate the pumps. Additionally, the operators would need to climb to the top of the 
tank to maintain and replace the drain pumps. See Figure 4-15 for an example of a tank with 
additional chamber for pumps. This would also require the tank top to outfitted with a jib crane to 
hoist the pumps on and off the tank top. This layout is provided in Figure 4-16.  

 

 
Figure 4-15.  Tank with additional chamber for drain pumps 

The PRS station is comprised of two floors. Each floor contains the following: 

Pump room (approximately 10 feet below grade): 

• PRS pumps only  
• Valves 
• Pipes 
• Bridge Crane 

First floor (at grade): 

• Generator room 
• Electrical and controls room 
• Bathroom 

 

Pump Chamber 
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 Figure 4-16.  Alternative 3 Plan View 

 
Figure 4-17.  Alternative 3 Section View 
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Table 4-6.  Alternative 3 Building Footprint Sizing 
Floor Area (sq-ft) FF Elevation 
Pump Room 7,390 13’ 
First Floor 2,340 23’ 
Total 9,730   

 

4.1.4.4  PRS Pump Station Alternatives Cost 

Table 4-7 presents the relative construction cost for the three PRS alternatives.  The costs are 
relative costs for differences between the alternatives and include excavation, dewatering, shoring, 
cast-in-place concrete construction of below grade portions of the station and the superstructure 
above grade.  

 
Table 4-7.  Relative Construction Cost of PRS Alternatives 

Alternative Construction Cost 

1 $8,100,000 

2 $5,000,000 

3 $4,600,000 

Note: The construction costs presented do not include all 
project costs and are intended to compare the various PRS 
options only and not a true representation of construction 
cost. 

The cost for Alternative 3 also includes the cost for providing a sump in the OLSF large enough to 
house the submersible drain pumps. This cost was added to the cost of the PRS to account for the 
total cost for housing all PRS and drain pumps into a single number to properly compare the three 
alternatives.  

The costs for the PRS construction will be combined with the costs for the pumps and constructing 
the OLSF to identify the preferred option. 

4.2 OLSF Tank Alternatives 
4.2.1 Construction 
The following section provides the evaluation of different construction alternatives for the OLSF tank. 
These alternatives include the following: 

• Prestressed concrete 
• Cast-in-Place concrete 
• Post-tension concrete 

 

HRSD currently has both cast-in-place and post-tension tanks in service in their system. A pre-
stressed tank is also being designed currently for the Tabb PRS and OLSF project. While HRSD 
Operations staff has stated they are satisfied with the tank’s final construction, it was noted that the 
Coliseum tank that was constructed had significant issues during construction with passing a leak 
test. Eventually the contractor was able to adequately seal the leaks to pass the leakage test.  
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4.2.1.1 Prestressed Concrete 

Prestressed concrete tanks (manufactured by CROM Corp and others) are constructed in accordance 
with ACI 350, ACI Report 372 and AWWA D110 – Wire- and Strand-Wound Circular Pre-Stressed 
Concrete Water Tanks. Prestressed concrete tanks have exceptional watertightness that is made 
possible by the Type II Composite Wall and a continuous galvanized steel shell diaphragm.  By 
leveraging the strength of shotcrete in compression, less material is required versus conventional 
reinforced concrete construction reducing the capital cost of the tank. Shotcrete is a durable, highly 
impermeable, high-strength building material with a long life which requires minimal maintenance. 
Pre-stressed concrete tanks are limited to circular, oval, or horseshoe-shaped configurations due to 
the construction of the steel ring. The design and construction of the tank allows for an expedited 
construction schedule compared to other tanks designs. A prestressed concrete tank construction by 
CROM Corp is shown on Figure 4-18. 

 
Figure 4-18. Prestressed Concrete Tank Construction 

 

4.2.1.2 Cast-in-Place (CIP)  

Cast-in-place concrete tanks are designed in accordance with ACI 350 and are the most common 
design type in wastewater applications. This is because of the unlimited design configuration 
available for shapes and sizes of the tank.  Due to the complexities of formwork and labor, typically 
the cost is higher, and the duration of construction is the longest out of the other tank types. 
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4.2.1.3 Post-tensioned Concrete  

Precast, post-tensioned concrete tanks (as manufactured by Dutchland Inc. and others) are 
constructed in accordance with ACI 318, ACI 350, and Post-tensioning Institute Standards. Circular 
tanks are designed in accordance with AWWA D115. Post-tensioned concrete utilizes conventional 
rebar along with tendons that are embedded and elongated resulting in improved resistance to 
forces. Tank designs us precast concrete panels that are made in a plant applying stringent quality-
control measures which allows for consistency. To ensure that the tank is watertight, grout and 
sealant is applied to all joints. Coatings are not required for waterproofing. Precast designs limited 
the maximum height of tank to approximately 40 feet for a rectangular tank and approximately 55 
feet for a circular tank. A wide variety of aesthetic options are available for precast panels. Concrete 
may be stained at the precast plant or in the field. Textures can also be created with form liners to 
mimic a wide variety of other masonry alternatives, including brick and stone. Precast concrete 
provides many options for duplicating existing architectural styles with surrounding buildings. A 
precast, post-tensioned concrete tank construction by Dutchland Inc. is shown on Figures 4-19. 

 
Figure 4-19.  Precast Post-tensioned Concrete Tank Construction  

  

4.2.1.4 Recommendation 

Based on cost, available footprint, strength, and expedited construction duration BC recommends 
proceeding with a pre-stressed concrete tank. Table 4-8 shows the advantages and disadvantages 
between the construction types. See Section 4.2.6 for cost comparison of different construction 
types and Section 4.3 for the selected alternative recommendation.   

 
Table 4-8.  Tank Configuration Analysis 

Tank Type Advantages Disadvantages 
Cast-in-Place (CIP) 
Concrete 

• Flexible configuration • Expensive 
• Extended construction duration 

Pre-stressed 
Concrete 

• Cost effective design 
• Expedited construction duration 

• Circular, oval, or horseshoe-shaped 
configurations only 

Precast, Post-
tensioned Concrete 

• Flexible configuration 
• Expedited construction duration 

• Moderately expensive 
• Multiple construction joints 
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4.2.2 Geometry 
The following section provides an evaluation of the different tank geometry alternatives available. 
There are two basics geometric classifications, round/oval or rectangular/unique. There are multiple 
factors that play a role in what geometry will fit best for a project. These factors include the actual 
geometry and size of the site, tank cleaning/flushing methods, cost, and construction type.  

4.2.2.1 Round/Oval 

Round/oval tanks are the strongest geometrical structures when compared to rectangular/unique 
shaped tanks. Cylindrical tanks can withstand exterior forces such as strong wind with less material 
to obtain a similar loading capacity than square or rectangle tanks. In other words, for an identical 
volume, cylindrical tanks have less side wall and base thickness requirements than other shaped 
tanks. A cylindrical tank has the smallest possible ratio of circumference to area, meaning that it has 
less surface area than other shaped tank of similar volumes.  

Although a round tanks may take up less surface area, it can leave more unusable space on a site as 
it does not always fit perfectly or neatly into a space. Cylindrical tanks, due to their strong 
geometrical shape and small ratio of circumference to area, tend to be more economical than other 
shape tanks.  

4.2.2.2 Rectangular/Unique 

Rectangular/unique shape geometry tanks can be fit into more site-specific areas. Typically, if a tank 
is buried, excavation can be less as well as the disturbed area with rectangular tanks compared to 
cylindrical tanks of similar volume. As described in Section 4.2.2.1, rectangular/unique shaped 
tanks require more concrete per square foot of surface area as compared to a round/cylindrical 
tank. 

4.2.3 Cover 
The following section reviews the different tank cover alternatives available. Tank coves consist of 
dome, flat top, and open-air alternatives. Tank covers for wet weather tanks have two main uses: to 
keep out rainwater and debris and help contain odors within the system.   

4.2.3.1 Dome 

Dome roofs provide a cost-effective design by reducing the material needed during construction. The 
disadvantages of a dome roof are that mobility around the top becomes more difficult due to the 
unlevel surface. Dome covers are typically only used on circular/oval tanks. 

4.2.3.2 Flat 

Flat top roofs provided an even surface for operations staff to maneuver around the tank and also 
provide flat surface for ancillary activities if desired on top of the tank. These ancillary activities could 
be a parking lot or a park (similar to HRSD’s Woodstock OLSF). Flat top roofs tend to be easier to 
construct either using the cast-in-place method or precast concrete sections. The design for a flat top 
roof becomes more robust which requires a larger material cost. 

4.2.3.3 Open-air 

Open top tanks are common in the design of storage tanks used for wet weather events. This is 
because the tank is not meant to store the wastewater for long durations and typically the flow is 
more dilute during wet weather events. A tank that is open to air is less expensive due to reduced 
material need for the top as well as no need for additional support for the top. A few disadvantages 
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to an open-air tank are potential odors from the liquids stored and additional flow into the system 
from rainwater in the tank. 

4.2.3.4 Recommendation 

Based on the proximity to other business and residential homes in the area, there are concerns of 
odor issues when the tank is in use. We recommend proceeding with a dome cover (as coupled to a 
circular tank) due to its cost-effective design and the ability to limit odors. 

4.2.4 Corrosion Protection 
The following section provides an evaluation of the different corrosion protection alternatives that 
are available for concrete tanks. Wastewater facilities are prone to corrosion due to the sulfuric acid 
attack associated with bacterially mediated process known as biogenic sulfide corrosion. This 
corrosion leads to degradation of the concrete and steel reinforcement. The next sections will 
provide the pros and cons of different corrosion protection alternatives: 

• Calcium Aluminate Cement (CAC) mortar 
• Epoxy coating 
• High-Density Polyethylene (HDPE) liner 

4.2.4.1 Calcium Aluminate Cement (CAC) Mortar 

Calcium aluminate cement (CAC) mortar is a sacrificial coating that provides moderate corrosion 
resistance over standard concrete. The rate of corrosion is expected to increase overtime as CAC 
decreases strength compared to the strength at early ages.  CAC mortar is the cheapest of the lining 
options typically used on sewage storage tanks.  

4.2.4.2 Epoxy Coating 

Epoxy coating is a lining system that has high corrosion resistance with a smooth finish. The low 
friction allows for easy removal of debris off the tank walls during emptying and cleaning operations. 
Epoxy coatings need to be properly applied and environmental controls closely monitored to ensure 
proper adhesion. Failure of coating systems are typically due to improper adhesion during 
installation.  

4.2.4.3 High-Density Polyethylene (HDPE) Liner 

HDPE lining provides a high corrosion resistance with a smooth finish similar to epoxy. HDPE liner 
are comprised of HDPE sheets that utilize anchors which must be cast into the concrete walls during 
the construction of the tanks. This changes the wall to a Type III design that requires the walls to be 
precast panels that are then vertical arranged. The joints between panels must be sealed properly to 
meet leakage requirements. HDPE liners are the most expensive of the options.  

4.2.4.4 Corrosion Protection Recommendation 

Based on information contained within the HART Report, the OLSF tank will only be used for wet 
weather event storage. The majority of time the tank will be empty and should be cleaned following a 
storage event. The post event cleaning and ventilation rate associated with the odor control system 
will limit biological growth on the surface of the concrete and significantly reduce the potential for 
concrete corrosion to occur. Due to this operational approach, additional corrosion protection is not 
recommended at this time.  

If the system flows in the future justify utilizing the tank for diurnal peak flow shaving, BC 
recommends using an epoxy coating system to help protect the concrete from biological induced 
corrosion.  
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To design the odor control system and verify that concrete protection recommendations do not need 
to be adjusted, BC will conduct H2S monitoring at upstream pump stations and air release valves. 
These readings will be used to calculate an estimate for anticipated peak hydrogen sulfide 
concentrations within the tank. If the estimated peak hydrogen sulfide concentration is elevated, 
additives or epoxy coatings may be recommended at that time to improve concrete protection 
regardless of the anticipated future tank usage.  

4.2.5 Tank Cleaning and Mixing 
Cleaning and mixing systems are important to limit sediment deposits from tank use and promote 
easier operation of the facility. Additionally, deposition of solids can cause septicity in the waste, 
increasing the H2S concentrations within the tank and observable odors around the site.  

4.2.5.1 Water Cannons & Hose Stations 

Water Cannons and hose stations used for washdown of tanks are very simple in design and have 
the lowest operational maintenance out of the other cleaning systems. Water cannons are fixed at 
specific locations while hose stations provide more flexibility in coverage area. These systems 
require the operators to manual spray down the walls (and possibly floor) of the tank. One downside 
of the hose stations is that tank entry is generally required, which lead to confined space entry 
procedures and full personal protective equipment.  Water cannons and hose stations must have 
water supply service connections or by an alternative source, like a pumped rainwater cistern. 

It is common to have hose stations as a secondary cleaning method if an automated system is not 
functioning or if there is additional cleaning required beyond the initial flush.  Figures 4-20 and 4-21 
are examples of water cannons and hose stations. 

   
Figure 4-20.  Water Cannon Example 

 
Figure 4-21.  Hose Station Example 
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4.2.5.2 Deluge Systems 

Deluge systems are an automated or manual cleaning system that utilizes a supply header with 
multiple spray nozzles mounted around the top of the tank to provide a cleaning flush to washdown 
the tank floor and walls. Deluge systems are commonly used on fire suppression systems. These 
systems need to be specifically designed to have a flowrate to provide a minimum velocity across the 
surface to ensure proper cleaning. Due to the orifice size on the spray nozzles, there is a chance for 
the spray nozzle to become clogged. To repair the clogged nozzle operators will need to enter the 
tanks and use a ladder or other lifting equipment if a ladder does not reach to replace the individual 
clogged nozzle. Depending on the tank size/geometry there could be hundreds of these nozzles 
around the tank. Water for the washdown will need to be supplied by ether a dedicated water supply 
connection or a pumped rainwater cistern. Even using a rainwater cistern, an alternative water 
supply backup water connection would be recommended. This would ensure that water is available 
in case the cistern was out of service. Figure 4-22 shows an example of a deluge nozzle.  

 
Figure 4-22.  Deluge Nozzle Example 

 

4.2.5.3 Tipping Buckets 

Tipping buckets are an automated flushing system designed to remove debris by releasing a large 
volume of water in a short period of time to flush the floor utilizing gravity flow. The system can either 
utilize potable water, rainwater, or even wastewater to fill the buckets. Advantages of tipping buckets 
are that they are suspended over the tank and would not encounter debris reducing the 
maintenance required compared to alternatives like flood gates that are submerged. The system is 
virtually maintenance free with permanently lubricated waterproof bearings. The tanks can be 
supported on the tank back wall, side walls or roof. Tipping buckets are primarily only used in a 
rectangular shaped tank. Other geometric shaped tanks tend to become more costly due to number 
of buckets and have challenges ensuring proper cleaning. For rectangular shapes tanks, tipping 
buckets are limited to 200 feet flushing lengths and bucket widths of 25 feet.  

  



Wilroy PRS and OLSF PER Section 4 

 

 
4-26 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

 
Figure 4-23.  Tipping Buckets 

 

4.2.5.4 Vacuum Flushing System 

Vacuum flushing systems designed/manufactured by Grande and Biogest utilize vacuum pumps to 
hold tank sewage in a column to be later used to flush the floor (think of holding your finger on the 
end of a plastic straw filled with water). Vacuum flushing systems are fully automated cleaning 
systems. Advantages to the vacuum system are that there are no submerged moving parts, minimal 
maintenance, and low energy consumption. The vacuum flush system has an audible whistle sound 
that comes from the vacuum relief valve release. The sound is cause by the large draw of air when 
the vacuum is released. The noise level ranges from 70 to 75 dB(A) at 1 meter away (actual decibels 
depend on the volume flushed). Utilizing a cover over the valve can sometimes reduce the noise 
levels below background suburban noise levels. This system can provide optimal flushing for circular 
tanks up to 210 feet and up to 490 feet in length for rectangular shape tanks.  The vacuum flushing 
system and sequencing shown on Figures 4-24 and 4-25. 

 

 
Figure 4-24. Biogest® Vacuum Flush System 
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Figure 4-25.  Vacuum Flush Operation Sequencing 

 

4.2.5.5 HydroSelf® Circular Flushing System 

HydroSelf® is an automatic tank cleaning system that is hydraulically driven and utilizes the incoming 
sewage to provide flush water.  The system is robust being constructed of stainless steel and can 
provided flushing up to 50 meters or 164 feet. It provides low operational cost and has minimal 
impact on tank capacity. The system is comprised of a central reservoir that fills during the initial 
inflow to the tank. Once the tank is emptied a signal from the level transducer can initiate the 
cleaning. The center reservoir is driven upward by pistons mounted on the central column controlled 
by a hydraulic pump. The HydroSelf® System and sequencing are shown in Figures 4-26 and 4-27. 
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Figure 4-26.  HydroSelf® Circular Flushing System 

 

 
Figure 4-27.  HydroSelf® System Operation Sequence 
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4.2.5.6 Side-Entry Mixers  

Side-entry mixers, also known as through-wall mixers, are installed through the side wall of the tank 
as shown in Figure 4-28 and can be easily removed unless the blades are larger than the opening. If 
this is the case, the blades must be removed prior to removing the mixer which would require a 
confined space entry into the tank. Obviously, this style of mixer can only be removed when the tank 
is empty. These mixers also are not generally used in tanks that are buried or partially buried due to 
the provisions need on the outside of the tank to access the mixers. Side-entry mixing systems are 
manufactures by Lyndia, Sulzer, Flygt, and others. 

 
Figure 4-28. Side-entry Mixer 

 

4.2.5.7 Mast-mounted Submersible Mixers 

Mast-mounted submersible mixers are mixers that are fitted to a slide rail that allows for remove of 
the mixer through the top of the tank. A photo of the mixer can be seen on Figure 4-29. This allows 
for removal with the tank full or empty. The mixing height is manually adjustable if flow requirements 
change in the future. There are minimum tank levels required to utilize submersible mixers and this 
may lead to not being able to use during low level events.  Mast-mounted mixing systems are 
manufactured by Flygt, KSB, Lyndia, and others. 

 

 



Wilroy PRS and OLSF PER Section 4 

 

 
4-30 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

 
Figure 4-29. Mast-mounted submersible mixer 

4.2.5.8 Hydraulic Jet Mixers 

Jet mixing is an efficient method to distribute mixing energy while minimizing horsepower needed. 
Flow is typically provided by either a dry-pit or submersible pump inside or outside the tank that 
draws the fluid within the tank to be used for mixing. Figure 4-30 shows an example of a jet mixing 
using a dry-pit pump that is easily accessible for maintenance. Like other mixers there is a minimum 
level that is need for the mixing. Jet mixing systems are manufactures by Flygt, Fluidyne, Lyndia, and 
others. 

 
Figure 4-30. Hydraulic Jet mixer by Flygt 

4.2.5.9 Cleaning and Mixing Recommendation 

Based on the tank planned operation to not be used for diurnal peak shaving, mixers would not be a 
viable option because of minimum level requirements for the mixers. If in the future the tank does 
get used for diurnal peak shaving, BC recommends consideration of mast-mounted mixers to be 
installed to promote mixing to help keep the wastewater form settling and/or turning septic.  

For the planned operation scenario, BC recommends installation of the HydroSelf® circular flushing 
system or the vacuum flushing system due to the cost savings of using the tank liquids for flushing, 
automation, and ease of maintenance. In addition, it is recommended that there be hose stations 
installed for secondary cleaning if needed regardless of the cleaning method considered. See 
Section 4.2.6 for cost comparison and Section 4.3 for selected alternative. Table 4-9 provides a 
summary of the tank cleaning analysis.  
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Table 4-9.  Tank Cleaning Analysis 
Tank Type Advantages Disadvantages Notes 
Water 
Cannons & 
Hose Stations 

• Simple design 
• Effective 

• Requires a lot of water if used 
alone 

• Requires tank entry  

• Recommended as 
secondary cleaning 
for all alternatives 

Deluge 
Systems 

• Automated 
 

• Requires potable water or 
rainwater collection  

• Nozzles tend to clog easily 

• Woodstock Park 
tank currently uses 
a deluge system 

Tipping 
buckets 

• Automated 
• Low O&M 
• Use tank product 

(sewage) for flushing 
liquid    

• Can require large amounts of 
potable water or rainwater 
collection if not using sewage 

• More suited for rectangular 
tanks 

• Expensive 

 

Vacuum flush 
system 

• Automated 
• Low maintenance  
• Use tank product 

(sewage) for flushing 
liquid    

• Suit for both rectangular 
and round tanks 

• Can be used in a split 
tank 

• Moderately expensive  
• Requires a custom tank floor 

 
 

 

HydroSelf 
Flushing 
System 

• Automated  
• Use tank product 

(sewage) for flushing 
liquid    
 

• Moderately expensive  
• Requires minimum volume in 

tank or supplemental water 
supply needed 

• Requires a custom tank floor 

 

Side-entry 
Mixers 

• No additional potable 
water needed 

• Requires minimum liquid level 
• Does not flush tank floor 

• Ideal only for regular 
tank use  

• Would still need to 
be combined with a 
flushing system or 
water cannons 

Mast-mounted 
mixers 

• No additional potable 
water needed 

• Requires minimum liquid level 
• Does not flush tank floor 

• Ideal only for regular 
tank use  

• Would still need to 
be combined with a 
flushing system or 
water cannons 

Hydraulic Jet 
Mixers 

• No additional potable 
water needed 

• Requires additional pumps 
• Does not flush tank floor 

• Ideal only for regular 
tank use  

• Would still need to 
be combined with a 
flushing system or 
water cannons 
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4.2.6 OLSF Costs 
The cost of the OLSF will be impacted by numerous factors, some of which have already been 
discussed. The capital costs of the various alternatives were compared to identify the preferred 
option moving forward. Costs presented are for comparison purposes and do not include all 
construction costs and markups. These totals do not include costs associated with architecture, 
HVAC, plumbing, electrical, or I&C. The costs only include differences between the various 
alternatives and focus on the relative sizes of the PRS and OLSF, amount of excavation, shoring and 
dewatering required for the different alternatives, and the pump costs of the different alternatives. A 
full opinion of probable cost of the selected alternative is presented in Section 10.  

The alternatives can be differentiated by the following: 

• Construction and Geometry 

• At-grade or buried 

• Number of tanks and tanks layout 

• Tank foundation 

4.2.6.1 Construction and Geometry 

The geometries considered for further evaluation are rectangular or circular. Other options were 
explored but the more unique shaped geometries suited for constrained sites are not necessary at 
the proposed sites.  

The rectangular design is assumed to be precast post-tension concrete tanks and the circular tanks 
are assumed to be prestressed concrete tanks constructed in accordance with ACI 350 and AWWA 
D110. Both tank geometries can also be constructed from cast-in-place concrete, but preliminary 
cost estimates indicate a cast-in-place design would be more expensive.  

4.2.6.2 At-Grade or Buried 

Both tank geometries can be constructed either at-grade or buried. The buried option would be 
required for the OLSF being filled from upstream line pressure; however, it could be used in any 
alternative. The at-grade options would correspond with the OLSF being filled from either the PRS 
pumps or drain pumps.  

4.2.6.3 Number of tanks and tanks layout 

The total storage tank volume required per the HART Report is 3 MG. This can be provided in either a 
single 3 MG tank or multiple smaller volume tanks.  

Multiple smaller tanks would have greater capital costs but would have advantages in operation of 
the tank. The majority of times the tank is brought online would require a storage volume 
significantly less than the required 3 MG. Having a smaller tank sized to capture the majority of 
events would reduce the time required to clean the tank after each event. The first tank could also 
act as a clarifier to capture the majority of debris reducing the cleaning effort required in the 
subsequent tanks for the events that require more storage volume.  

For a single 3 MG tank, this report used a 30-ft tall x 130-ft diameter tank, which would be an 
economical selection for a prestressed concrete tank.  

For rectangular tank construction, multiple tanks were assumed to be achieved through the use of 
dividing walls creating multiple bays within a single tank. The number of bays and geometry would be 
dictated by the flushing alternative selected. This report assumed the tank would have three bays 
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with flushing sized at 25-ft wide by 125-ft long x 19-ft SWD and a larger overflow bay without flushing 
sized at 100-ft wide x 125-ft long x 19-ft SWD.  

For circular tanks, both multiple smaller tanks and a smaller tank constructed within a larger tank 
was considered. For the purpose of this report, it was assumed two 1.5 MG tanks would be provided. 
This would provide sufficient storage in each tank to store the simulated volume during a 2-year 
storm (refer to the HART Report in Appendix B).  

4.2.6.4 Tank Foundation 

The foundation design will change based on the cleaning option selected.  

For circular tanks, the standard foundation design would include a center sump with sloped floor 
from the tank walls in towards the sump. This style foundation would be used with mixers or if a 
manual cleaning approach with water cannons and hoses was preferred. The vacuum flushing and 
HydroSelf flushing options would require a more complex foundation. The foundation would include a 
trench around the perimeter of the tank with the floor sloped from the center to the wall to facilitate 
the flushing.  

For rectangular tanks, the foundation would be the same regardless of cleaning option, it would 
include a sump on one end with the floor sloped towards the sump.  

Fourteen separate options were developed from the various tank choices. Operation and 
maintenance of the different tank options are not included in the evaluation because they are not 
anticipated to be significantly different based on tank geometry and location. The number of tanks 
will factor into maintenance requirements in the scenarios with multiple bays/tanks since they would 
reduce the time required for cleaning after small events where only a portion of the tank volume is 
used. This is factored into the qualitative selection presented in Section 4.3. Below is a comparison 
of the options and the estimated relative construction cost.  

Table 4-10.  Summary of Tank Construction Cost 

Options Tank Geometry 
Tank 

Location 
Number of 

Tanks Tank Layout 
Tank Foundation 

Design 
Relative Tank 

Cost 

1 
Rectangular 

Below Grade Multiple Bays 
-- -- 

$14,800,000 

2 At Grade Multiple Bays $7,400,000 

3 

Circular 

Below Grade 

1 -- 
Center Sump $8,400,000 

4 Flushing Foundation $9,000,000 

5 

2 

Tank within Tank 
Center Sump $8,500,000 

6 Flushing Foundation $9,100,000 

7 
Separate Tanks 

Center Sump $10,100,000 

8 Flushing Foundation $10,600,000 

9 

At Grade 

1 -- 
Center Sump $4,500,000 

10 Flushing Foundation $5,100,000 

11 

2 

Tank within Tank 
Center Sump $5,300,000 

12 Flushing Foundation $5,900,000 

13 
Separate Tanks 

Center Sump $5,500,000 

14 Flushing Foundation $6,000,000 

Note: The costs presented include costs associated with concrete, vendor supplied tanks, excavation, sheet piling, and dewatering. It 
does not include all project costs and is intended to compare the various tank options only and not a true representation of 
construction cost.  



Wilroy PRS and OLSF PER Section 4 

 

 
4-34 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

After reviewing the preliminary relative costs for the various tank options, the rectangular tank option 
was eliminated as those options are significantly higher than the comparable circular option. If the 
tank is buried, a tank within a tank approach would be the more economical approach while if the 
tank is at grade a two tank approach is more economical. This reduces the number of options for 
further consideration to 8 options.  

4.2.6.5 Mixing/Flushing Option 

Based on the tank configuration options presented above, several of the tank mixing and flushing 
options were eliminated. The main consideration are highlighted below: 

• Tipping buckets and flushing gates are only used on rectangular tanks which were eliminated 
from consideration and are therefore not included in the evaluation.  

• Mixers were not considered because they would only work once the water level reaches a 
minimum elevation, for events that do not reach that minimum level, mixers would provide 
no benefit to the facility.  

• Mixers keep solids in suspension minimizing the amount of material to be cleaned after an 
event. For short duration storage, as is the intended use of the Wilroy OLSF, mixers would not 
provide significant benefits to the facility.  

• If extended storage or diurnal use is anticipated in the future, mixers should be reevaluated 
at that time.  

• Deluge systems have a high potential for clogging requiring increased maintenance; 
especially when used with rainwater harvesting as a water source. For these reasons BC 
eliminated deluge systems as a cleaning option.  

• Manual wash down with hoses/cannons as the only cleaning option was eliminated as well. 
Although the tank will not be used frequently, it is recommended to provide a means for 
cleaning the tank after each event without requiring someone to enter the tank.    

The two remaining mixing/flushing options considered in the evaluation that can be used with the 8 
tank configuration options still in consideration are listed below: 

1. Vacuum flushing – this would include a vacuum flushing mechanism to flush the tank floor 
after each event. Water cannons and hose connections would be provided to clean tank 
walls as needed.  

2. HydroSelf flushing – this would include a center reservoir flushing system to flush the tank 
floor after each event. Water cannons and hose connections would be provided to clean tank 
walls as needed. 

Table 4-11 compares the relative cost of the different alternatives.  
Table 4-11.  Capital Costs of Mixing/Flushing Options 

Option Description Relative Cost 

1 Vacuum Flushing3 $310,000 

2 HydroSelf Flushing $290,000 

1. Costs for water cannons and hose connections are not included because they are proposed to 
be include under both options. 

2. The relative costs presented do not include all project costs and is intended to compare the 
various flushing options only and not a true representation of construction cost.  

3. Vacuum flushing capital cost includes the cost for the equipment and the cost for a concrete 
column to store water used in flushing.  
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The cost for both options is similar, with only $20,000 separating them. The vacuum flushing 
system, while the more expensive selection, has the following benefits: 

• The vacuum flushing option only needs enough water in the tank to cover the openings in the 
center column (approximately 2-ft). The vacuum in the center column allows the column to fill 
for maximum flushing even at low tank levels. The HydroSelf flushing option requires the 
water level to overflow into the reservoir. If the water level does not raise above the reservoir 
height the reservoir needs to be filled from an external source. A check valve lower down the 
reservoir can be provided to allow water into the reservoir at a lower elevation but unless the 
reservoir is fully filled the flushing would be suboptimal.  

• There are no moving parts on the vacuum flushing option, the only maintenance item would 
be the small vacuum pumps at the top of the center column. The HydroSelf flushing option 
has moving parts, a check valve, hydraulic lines, and floats within the tank that would need 
to be maintained.  

• The vacuum flushing option does not have surfaces where rags or other debris could catch. 
For the HydroSelf flushing option, rags could catch on the top of the reservoir, on the pipe 
that provides external water source to fill the reservoir, on the floats, or within the check 
valve.   

For this reason, the recommended flushing system is vacuum flushing. For options that include a two 
tank design only the first stage tank would include a flushing system, the second stage would be 
manually cleaned.  

The tank options that do not include a flushing foundation can be eliminated which reduces the 
number of tank options to 4.  

4.3 Selected Alternative 
The selected alternative combines the analysis completed in the previous sections for pump 
selection, PRS construction, tank geometry, and mixing options to determine the preferred overall 
design approach.  

The two OLSF tank fill options, three PRS alternatives, and four tank options were combined in Table 
4-12 below. Not all fill options would work together. 

• Fill scenario 1, fill with line pressure would only work with the tank options that are below 
grade. 

• Fill scenario 2 would work with the options that are at grade.   

• The deep PRS station is only required for a below grade tank. 

• A shallow station with drain pumps in the PRS would only work with a OLSF at grade.  

 

 

 

 

 

 

 



Wilroy PRS and OLSF PER Section 4 

 

 
4-36 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

 
Table 4-12.  Alternative Costs  

Alternative Tank Option 
Tank 

Construction 
Cost 

OLSF Fill 
Option 

NPW Pump 
Cost PRS Alternative 

PRS 
Construction 

Cost 
Combined Cost 

1 4 - Circular 
tank, below 

grade, 1 tank, 
flushing 

foundation 

$9,000,000 

1- Fill off 
line 

pressure 
$1,000,000 

1 - Deep station with PRS and 
drain pumps in the station $8,100,000 $18,100,000 

2 
3 - Shallow station with PRS 
pumps in station and drain 

pumps in OLSF $4,600,000 $14,600,000 

3 6 - Circular 
tank, below 
grade, tank 

within a tank, 
flushing 

foundation 

$9,100,000 

1 - Deep station with PRS and 
drain pumps in the station $8,100,000 $18,200,000 

4 
3 - Shallow station with PRS 
pumps in station and drain 

pumps in OLSF $4,600,000 $14,700,000 

5 10 - Circular 
tank, at grade, 1 

tank, flushing 
foundation 

$5,100,000 

2 - Fill with 
PRS 

pumps 
$1,200,000 

2 - Shallow station with PRS and 
Drain Pumps in the Station $5,000,000 $11,300,000 

6 
3 – Shallow station with PRS 
pumps in station and drain 

pumps in OLSF $4,600,000 $10,900,000 

7 14 - Circular 
tank, at grade, 
separate tanks, 

flushing 
foundation 

$6,000,000 

2 – Shallow station with PRS 
and drain pumps in the station $5,000,000 $12,200,000 

8 
3 – Shallow station with PRS 
pumps in station and drain 

pumps in OLSF $4,600,000 $11,800,000 

 

From Table 4-12, the least expensive alternatives are Alternatives 5 and 6. The difference between 
the two is the location of the drain pumps. In Alternative 5 the drain pumps are located in the PRS 
while in Alternative 6 the drain pumps are located in the OLSF. There are benefits and disadvantages 
to each with a summary presented in Table 4-13. 

 
Table 4-13.  Summary of Low-Cost Alternatives 

Alternative 5 Alternative 6 
Benefits Disadvantages Benefits Disadvantages 

Pumps located in the PRS are 
easier to maintain because 
they can be worked on without 
the need to remove the pumps 
from a wet well to maintain 

PRS station needs to be lower 
than bottom of OLSF to ensure 
sufficient NPSH is maintained 
during draining 

Drain pumps in the OLSF 
reduces the size of the PRS 
and reduce the energy 
required to heat and ventilate 
the space. 
 

Removing the pumps from the 
sump in the OLSF would 
require a jib crane at the top of 
the tank 

An operator can see the drain 
pumps when located in the 
PRS and could potentially 
identify issues earlier 

Long suction pipe Drain pumps in the OLSF 
eliminates the suction pipe 
 

Sump for drain pumps 
complicates tank foundation 
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While both alternatives are viable, Alternative 5 is recommended due to the operations and 
maintenance benefits to having the drain pumps located within the PRS. For this reason, Alternative 
5 is the recommended alternative. The alternative has the following characteristics.  

o Tank Option 10 

 Single circular tank 

 The tank is located at grade 

 The tank includes a flushing foundation for a vacuum flushing system 

o OLSF Fill Option 2 

 The tank is filled using the PRS pumps 

o PRS Alternative 2 

 The PRS is a shallow station 

 The drain pumps are in the PRS
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Section 5 

Odor Control Alternatives 
Odor control will be provided for the OLSF to prevent fugitive emissions escape and potential 
community impacts. The odor control system has been sized to maintain a negative pressure on the 
tank cover and to minimize corrosion potential in the tank headspace. 

5.1 Odor Control System Sizing 
The following sections describe the basis of design for the new OLSF odor control system, which 
includes projections for airflow rate and odor loading. 

5.1.1 Airflow Rate Calculations 
Assumptions for the preliminary sizing and cost assessment included in this report are that the OLSF 
for which odor control is to be provided is 130-ft diameter and has a depth of 30 ft (when empty). A 
low-profile dome cover is assumed with a maximum height of 5 ft between the top of the basin to the 
cover surface. 

Fugitive emissions containment and corrosion minimization are the primary drivers for establishing 
airflow rates for the new OLSF odor control system. These parameters were quantified, and an 
airflow rate was selected that is projected to be effective but is not overly conservative. Three 
parameters were used for calculating the design airflow rate: 
• Negative pressure ventilation rate: BC recommends a range of 0.25 cubic feet per minute per 

square foot (cfm/ft2) to 0.5 cfm/ft2 for dome covers based on pilot testing at similar facilities 
and findings regarding consistent negative pressure maintenance. Based on the 130-ft diameter 
tank size, this equates to an airflow in the range of 3,300 cfm to 6,600 cfm. Given the dilute 
nature of the expected inlet wastewater, it is reasonable to select the lower end of this range 
and design for 3,300 cfm.  

• Volumetric displacement airflow rate: the volume of air that is displaced as the liquid is entering 
the tank must be added to the ventilation rate needed to maintain a negative pressure. Given 
the projected maximum tank fill rate of 8,462 gallons per minute (gpm), this translates to an 
additional 1,131 cfm of airflow that must be accounted for when sizing the odor control system. 

• Corrosion minimization airflow rate: a minimum air change rate will be needed to maintain 
sufficient air evacuation in the tank headspace so that corrosion potential in minimized. A range 
of 3 to 4 air changes per hour (ACH) is provided in design guidance found in the Water 
Environment Federation (WEF) Manual of Practice (MoP) Number 25 Control of Air Emissions 
and Odors from Wastewater Treatment Plants (2004). Assuming a dilute wastewater during wet 
weather, the lower portion of this range (3 ACH) is used, and a two-thirds full tank is assumed 
(10 ft headspace). This equates to an airflow rate of approximately 6,600 cfm.  

Because the inside of the tank will not be regularly occupied, National Fire Protection Association 
(NFPA) 820 code requirements will not apply with respect to air change rate minimums. 

The total airflow rate requirements considering the negative pressure and corrosion minimization 
airflow rate approaches are as follows: 
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• To maintain a negative pressure while accounting for volumetric air displacement, the total 
airflow rate would need to be 4,500 cfm. 

• An airflow rate of 6,600 cfm is needed to provide an appropriate 3 ACH to a 10-ft headspace. 
This air change rate is estimated for controlling the amount of moisture in the headspace 
volume, which would otherwise accelerate corrosion of sensitive materials such as concrete. 

Therefore, the more conservative total airflow rate evacuated from the equalization basin headspace 
is 6,600 cfm. Due to the large diameter of the tank, four draw-off duct locations are assumed, which 
would be manifolded into a single duct that conveys air to the odor control system. Balancing those 4 
draw-off points equally results in individual air pickups of 1,650 cfm. This results in estimated duct 
size of 16 inches diameter for the four extraction ducts and 28 inches diameter for the single duct 
conveying foul air into the odor control system.   

5.1.2 Odor Loading 
The current design assumes that the OLSF will only be used for temporary storage of wet weather 
flows. When high precipitation events occur and instigate the use of the tank, wastewater tends to 
be diluted and can be lower temperature, both of which decrease biological activity and reduce 
odorous emissions. Therefore, the odor control system inlet odor loading is projected to be relatively 
low for the current OLSF use. 

Odor emissions from municipal wastewater collection systems tend to be dominated by hydrogen 
sulfide (H2S), which results from liquid-phase sulfide volatilization. Long collection system detention 
times will produce higher liquid sulfide concentrations, thus resulting in a higher H2S load at off-
gassing locations, such as the entry of the wastewater into the Wilroy OLSF. Areas of high turbulence 
tend to contain higher localized H2S concentrations. This could occur in the tank headspace near the 
wastewater point of entry into the tank, assuming there is a drop, and that the entry point is not 
submerged. 

H2S data has not yet been collected to support odor loading design criteria. For the purposes of this 
report, a headspace H2S concentration of less than 5 ppmv is assumed during wet weather OLSF 
use and a headspace H2S concentration of less than 1 ppmv is assumed for the tank headspace 
when the tank is empty under dry weather conditions. These H2S loads indicate that a single stage of 
odor control is sufficient. 

5.2 Candidate Odor Control Technologies 
The projected lower odor loading associated with the OLSF’s use for wet weather only resulted in a 
recommendation for a single stage of odor treatment. A second stage may be needed in the future if 
the tank is used for diurnal equalization, as discussed in Section 5.5. Four single-stage odor control 
technologies were considered in this analysis: 
• Biotrickling filters (BTFs): This technology includes a reacting vessel containing inert media on 

which bacteria contained within a flowing liquid remove odorous compounds through oxidation. 
BTFs use either a constantly recirculating liquid through the media or an intermittent, once-
through spray of the media. In either case, the liquid contains nutrients (such as trace organics, 
nitrogen, phosphorus, and potassium) to enhance the biological growth within the liquid and on 
the media bed. The BTF technology has the advantage of a capacity to reduce high H2S 
concentrations without using chemicals; however, sudden odor (particularly H2S) load increases 
are often difficult to remove effectively due to biological adaptation to a consistent feed. Limits 
of the technology include a lower capacity to remove organic sulfides and volatile organic 
compounds (VOCs), as compared to biofilters or activated carbon. 
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• Biofilters: Biofilters treat odorous compounds using a combination of sorption, biological 
degradation, and chemical oxidation. Contaminants in the foul air stream are either adsorbed 
onto the surface of the biofilter media or absorbed by the thin liquid surrounding the media 
particles, referred to as the biofilm. Biofilters are larger than BTFs, since contact times are 
usually at least 45 seconds, compared to 10 to 15 seconds for BTFs. Therefore, they occupy 
more space, especially when high airflow rates must be treated. 

• Chemical scrubbers: Chemical scrubbers are best utilized targeting individual compounds or 
specific groups of compounds. (For example, H2S and other acidic compounds are treated by 
alkaline scrubbers using hypochlorite and caustic solutions and acidic scrubbers will target 
ammonia removal.) Chemical scrubbers typically perform poorly with organic sulfide removal, 
particularly methyl mercaptan and dimethyl sulfide, which could be problematic as some of 
these compounds may contribute to the overall odor load. Chemical scrubbers also have 
significant operation and maintenance (O&M) costs associated with labor and chemical use. 

• Carbon adsorbers: The dry media technology uses adsorption onto large media pore spaces to 
remove odorous compounds. The technology is typically the best at removal of a wide variety of 
compounds, including H2S, organic sulfides, chlorine, and VOCs. Some manufacturers provide 
varying carbon and dry media products that target specific compounds, such as H2S, by creating 
a higher sorption capacity for that compound in the media production. High-capacity carbon has 
a greater sorption capacity for H2S than virgin carbon, though it may be limited in removing some 
organic sulfides. The dry media adsorption technology is limited in that the media can be quickly 
depleted of its sorptive capacity with ongoing high pollutant loads, in particular those that 
contain high H2S concentrations. 

5.3 Selected Odor Control Alternative 
Based on the expected foul airflow rate and odor loading for the new OLSF odor control system, an 
activated carbon adsorber is the best technology choice. This is also the preferred technology based 
on the operational and efficiency advantages of the carbon unit as compared to the BTF, biofilter, 
and chemical scrubber technologies. Factors that contributed to the selection of a carbon adsorber 
odor control unit included: 
• The odor control system will only need to be in operation when the OLSF is being used. Due to 

the intermittent nature of the OLSF usage, a biological-based odor control system is not an 
appropriate technology as the bacteria require a constant food source to survive and provide 
acceptable odor reduction. Therefore, the BTF and biofilter alternatives are less desirable. 

• A chemical scrubber is a less desirable alternative for this remote collection system PRS as it 
requires more O&M attention than other alternatives given the number of individual components 
that must be operating efficiently for design odor removal. This includes sump water quality 
monitoring probes, chemical injection pumps, and chemical recirculation pumps, all of which are 
critical and if they fail, the entire scrubber will go offline. 

• Carbon adsorbers can be turned on and off intermittently with essentially immediate odor 
removal being achieved. Chemical scrubbers also provide this. However, biological systems take 
some time (days up to weeks) to adapt to a high-odor air stream, which is problematic for startup 
performance. 

• Carbon adsorbers have the least amount of instrumentation of the four technologies considered 
and are generally considered the simplest to operate. 

• Carbon adsorbers become problematic as a single stage of treatment if odor loads, particularly 
H2S, are high. This is because the carbon media pore spaces fill up quickly when loads are high. 
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In the case of the Wilroy OLSF odor control system, the dilute nature of the foul air makes carbon 
adsorption a natural fit. 

A single-bed, vertical flow carbon was selected for odor control for the new OLSF odor control system. 
The design airflow rate will be 6,600 cfm. At that airflow rate and for a single-bed adsorber, the 
vessel diameter will be approximately 12-ft diameter and the footprint for the odor control unit 
(including the foul air fan and adsorber vessel) will be approximately 14-ft x 20-ft. The odor control 
system must contain a high-efficiency mist and grease filter because the foul air is expected to be 
nearly saturated and grease particulate matter is common in raw wastewater foul air emissions. The 
mist and grease filter will be installed inline with the inlet foul air duct and just upstream of the fan. 

5.4 Capital Cost Estimate 
A planning-level conceptual capital cost estimate for the activated carbon odor control system was 
produced, assuming typical industry equipment costs for the odor control unit, ductwork, dampers, 
fittings, grease and mist eliminator, interconnecting ducting, and miscellaneous items. The total 
capital cost was $480,000, which includes an installation estimate. 

5.5 Future Expansion 
This section provides assumptions and design criteria development processes for maintaining 
sufficient odor control at the Wilroy PRS site in the future if the designated use of the OLSF changes 
to diurnal flow equalization. 

5.5.1 Projected Odor Control Technology Upgrades 
The current design assumes that the OLSF will only be used for temporary storage of wet weather 
flows. However, there is a potential change in the OLSF use in the future whereby the tank will be 
used daily for diurnal flow peak shaving. If this were to become the primary use for the tank, 
wastewater sulfide concentrations would likely increase, causing H2S emissions to increase as well. 
Because of this, it is important to identify and reserve space to accommodate a second stage of odor 
control. 

For this system, it would be most appropriate to leave the activated carbon adsorber in place and 
shift it to being used as a second stage polishing unit, following a biological unit first stage. This may 
be either a biofilter or a biotrickling filter, depending on the anticipated H2S loading. This will be best 
determined following completion of the recommended odor sampling on the existing collection 
system wastewater that will be conveyed through the new Wilroy PRS. If projected H2S concentration 
into the future expanded odor control unit (assuming diurnal equalization) exceeds approximately 10 
ppmv, a biotrickling filter would be more appropriate and more cost-effective than a biofilter, which is 
better for lower H2S loads. 

5.5.2 Odor Sampling Needs 
To support future odor loading conditions for the basis of design, odor sampling is recommended in 
the existing collection system. The sampling will also provide data that would be used in calculating 
odor loads for the current use designation of the tank (wet weather equalization only). The sampling 
results would provide a basis for carbon media selection and a better approximation of the carbon 
life (replacement frequency), which translates to an overall life-cycle cost approximation. The next 
section provides details on the recommended odor sampling plan. 
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5.6 Odor Sampling Plan 
The following sections outline the recommended odor sampling that will support design development 
(both current and future conditions), as noted in Section 5.5.2. 

5.6.1 Sampling Locations 
Figure 5-1 provides a map of the locations proposed for the odor sampling. Upstream pump stations 
and air release valves (ARVs) will be incorporated into the field events and laboratory analysis, as 
applicable. Three upstream pump stations have been identified for the sampling program, although 
two of the three are owned and operated by the City of Suffolk and Isle of Wight County, which will 
require additional coordination. 

The one upstream HRSD pump station collects flow from the dashed gravity line on Figure 5-1. The 
contribution from this sewer to the future Wilroy PRS will be relatively small – on the order of 0.3 to 
0.7 million gallons per day (MGD) average daily flow (ADF). This contribution will be higher during wet 
weather, when the OLSF will be in use following Wilroy PRS construction. 

 
Figure 5-1. Proposed Odor Sampling Locations 

Overall, the wastewater flow from south portion of the watershed to the future Wilroy PRS is 
conveyed through a 30-inch prestressed concrete cylinder pipe (PCCP); the ADF for this portion of the 
collection system is on the order of 0.7 to 1.8 MGD. Flow from west-northwest is conveyed through a 
24-inch ductile iron pipe (DIP); the ADF for this portion of the collection system is on the order of 0.3 
to 1.0 MGD. Ideally, odor sampling would be conducted in the sewers from both the south and the 
west-southwest. However, it may be reasonable and most viable to only collect samples along the 
dashed line sewer (Figure 5-1) and at the upstream HRSD pump station along that line. 
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5.6.2 Vapor-Phase H2S Monitoring 
Vapor-phase H2S monitoring will be conducted in 3 upstream pump station wet wells using Acrulog 
PPM monitors with an H2S measurement range of 0 to 200 ppmv. These Acrulogs have a resolution 
of 1 ppmv (measurements are reported in whole numbers and concentrations below 1 are recorded 
as 0). BC recommends that the loggers be installed inside upstream wet wells for 2 weeks and 
collect H2S measurements in 5-minute intervals. The goal of this monitoring is to identify trends in 
H2S concentrations; often H2S and odor concentrations are highest in the middle of the night when 
flows are lower and liquid-phase sulfide accumulation is higher. 

5.6.3 Liquid Sampling and Field Testing 
Liquid-phase field testing will be conducted at all locations where Acrulogs are installed for H2S 
monitoring. The following wastewater parameters are to be measured at the pump station wet wells 
selected for the program: 
• Dissolved sulfide concentration 
• pH 
• Wastewater temperature 
• Oxidation-reduction potential (ORP) 

All of these parameters are to be measured in the field; no samples are to be sent to offsite 
laboratories for analysis. The temperature, pH, and ORP measurements may be measured using a 
single multi-meter instrument and probe, with measurements collected on wastewater samples 
collected using a bucket. 

The sampling locations include the HRSD pump station wet well and the two additional upstream 
pump stations; if it is determined that the non-HRSD pump stations will not be used in the sampling 
programs, these locations can be substituted by testing at ARVs along the contributing sewer lines. 
Liquid sampling from ARVs requires a specific protocol, which will be produced under a separate 
heading should this become a portion of the sampling plan. 

5.6.4 Air Sampling and Laboratory Analysis (OPTIONAL) 
Odor sampling may be conducted at upstream locations to characterize potential odor contributions 
to the new equalization basin. The sampling would include odor panel laboratory analysis and offsite 
laboratory measurement of reduced sulfur compounds (RSCs). Two sampling events are assumed: 
one at the beginning of the two-week Acrulog H2S monitoring period and one at the end of the 
monitoring period. 

If conducted, odor panel analysis will include thresholds analysis, which includes detection threshold 
quantification, measured as dilutions-to-threshold (D/T) and recognition threshold quantification, 
measured as recognition-to-threshold (R/T). Laboratory analysis is to be conducted by St. Croix 
Sensory, who will provide air sampling protocols. Gas chromatograph/mass spectrometry (GC/MS) 
laboratory analysis is to be conducted by ALS Environmental using ASTM D5504, which measures 
concentrations of 19 organic sulfides and H2S in each sample.  

Two air samples are proposed to be collected at each upstream pump station location on each day 
of sampling, for a total of 6 samples collected each day. For each day of sampling, odor panel and 
RSC samples are proposed to be collected twice – one in the morning (approximately between 7AM 
and 9AM) and one in the afternoon (approximately between 12PM and 2PM).  
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Section 6 

PRS and OLSF Layout 
6.1 Process Mechanical 
6.1.1 Selected PRS and OLSF Layout 
As discussed in Section 4, BC recommends proceeding with layout Alternative 5. This includes the 
PRS that is below grade with both the PRS and tank drain pumps within the building itself. It also 
includes one 3 MG circular prestressed concrete tank with the vacuum flush system for an optimal 
automated cleaning process. Figures 6-1 and 6-2 show the proposed layouts of the PRS building and 
OLSF tank. Scaled 11x17 conceptual drawings of the PRS and OLSF can be found in Appendix F. 

 
Figure 6-1. PRS Plan View 
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Figure 6-2.  OLFS Plan View 

6.1.2 Selected Pumps   
The proposed PRS and drain pumps documented in Section 4 are dry pit submersible pumps 
installed in the PRS. The hydraulic performance of the PRS and drain pumps was evaluated using the 
preliminary model described in Section 4. The model was prepared using the layout drawings 
presented in Appendix F.  

Table 6-1 presents design parameters for the PRS pumps and Figure 6-3 presents the system and 
pump curves for a preliminary selection.  

 
Table 6-1.  PRS Pump Design Parameters 

Flow Scenario 
Flow 

(gpm) 
Flow per 

pump (gpm) 
Pumps 

Operating 
HGL 

Discharge (ft) 
OLSF 

Elevation (ft) 
TDH 
(ft) 

NPSHr 
(ft) 

NPSHa 
(ft) 

NPSH 
Margin 

2. PRS Operating  4,000 4,000 1 70  43 6 40 6.7 
2. PRS Operating 4,000 4,000 1 104  77 6 40 6.7 
2. PRS Operating 7,000 3,500 2 70  43 4 40 10 
2. PRS Operating 7,000 3,500 2 104  77 5 40 8 

3. PRS and OLSF Operating  15,462 5,154 3 104 23 81 10 38 3.8 
3. PRS and OLSF Operating  15,462 5,154 3 104 53 81 10 38 3.8 

Note: Refer to Table 3-1 for Design Flows and Boundary Conditions 

HI 9.6.1 defines the NPSH margin for water and wastewater pumps. For pumps with cast-iron 
impellers greater than 60 HP operating within the POR, an NPSH margin of 1.2 with a minimum of 
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3.3-ft is required. All design points displayed in Table 6-1 are within the POR and meet the required 
NPSH Margin.  

 

 
Figure 6-3.  Single Pump PRS Pump and System Curves 

 
Figure 6-4.  Multi-Pump PRS Pump and System Curves 

Table 6-2 presents design parameters for the drain pumps and Figure 6-5 presents the system and 
pump curves for a preliminary selection. A control valve was added to the discharge of the drain 
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pumps in the model to add head to the system as described in Section 4.1.2.2. A pump discharge 
HGL of 65-ft was used as a set point for the control valve in the model.  

 
Table 6-2.  PRS Pump Design Parameters 

Flow 
Scenario 

Flow 
(gpm) 

Flow per 
pump (gpm) 

Pumps 
Operating 

HGL 
Discharge (ft) 

OLSF 
Elevation (ft) 

TDH 
(ft) 

NPSHr 
(ft) 

NPSHa 
(ft) 

NPSH 
Margin 

4. Drain 2,083 1,052 2 30 53 17 12 63 5.3 
4. Drain 2,083 1,052 2 30 23 47 20 33 1.5 
4. Drain 2,083 1,052 2 65 53 17 12 63 5.3 
4. Drain 2,083 1,052 2 65 23 48 20 33 1.5 

Note: Refer to Table 3-1 for Design Flows and Boundary Conditions 
 

HI 9.6.1 defines the NPSH margin for water and wastewater pumps. For pumps with cast-iron 
impellers less than 60 HP operating within the POR, an NPSH margin of 1.1 with a minimum of 3.3-ft 
is required. All design points displayed in Table 6-2 are within the POR and meet the required NPSH 
Margin.  

 

 
Figure 6-5. Single Pump Drain Pump and System Curves 
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Figure 6-6. Multi-Pump Drain Pump and System Curves 

 

The preliminary pump specifications for the PRS and Drain pumps are presented in Table 6-3. 

 
Table 6-3.  Pump Specifications 

Parameter PRS Pump Drain Pump 
Max Motor HP 185 25 
Suction Dia (in) 16 10 
Drain Dia (in) 12 6 
Max Speed 880 1755 
Impeller Dia (mm) 555 224 
Preliminary Model Xylem NT 3315/735 3~ 870 Xylem NT 3171 MT 3~ 437 

6.1.3  Pipe and Valves 
The following pipe and valve design parameters will be provided: 

• All pipe within the PRS will be flanged ductile iron pipe.  
• All pipe exterior to the PRS will be restrained push-on ductile iron pipe and mechanical joint 

fittings.  
• An eccentric plug valve will be provided on the suction and discharge of each pump and to 

isolate the PRS from the FM on the suction and discharge headers.  
• An AWWA C508 swing check valve will be provided on the discharge of each pump upstream 

of the isolation plug valve.  
• Eccentric reducers will be provided on the suction and discharge. 
• Equipment connection fittings will be provided on the suction and discharge of each pump.  
• Exterior wall penetrations will be accomplished with wall sleeves with modular mechanical 

link seals.   
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• Manual 2-inch drain ports will be provided on the suction and discharge of each pump and 
on the suction and discharge headers.  

• A cleanout port will be provided on the suction and discharge of each pump. 
• Each pump will have a long radius elbow on the suction side.  

For the proposed layout the minimum straight run pipe lengths shown in Table 6-4 were used in the 
development of the plan.  

  
Table 6-4.  Straight Length Pipe Requirements 

Item Downstream Upstream 
Pump 10 x Pipe Diameter - 
Check Valve 10 x Pipe Diameter 5 x Pipe Diameter 
Ultrasonic Flow Meter 10 x Pipe Diameter 10 x Pipe Diameter 
Magnetic Flow Meter 10 x Pipe Diameter  10 x Pipe Diameter 

6.1.3.1 HI Requirements 

Suction and discharge piping will be designed in accordance with HI 9.6.6, Rotodynamic Pumps for 
Pump Piping. The following design parameters will be used in piping design: 

• Velocity in suction pipe shall be constant or increasing as flow approaches the pump 

• Suction pipe shall be at least as large as the pump suction nozzle 

• Maximum velocity in suction piping shall be 8 feet per second 

• Maximum velocity in discharge piping shall be 15 feet per second 

• Minimum required straight pipe length before pump suction inlet defined in Table 9.6.6.3.2 
shall be followed 

A physical model study is recommended to confirm uniform and symmetric approach flow conditions 
to the pump inlet. Experience has shown that long radius 90˚ reducing bends leading to the pump 
inlet with a pipe reduction of at least 1.5 reduce the potential for flow separation and turbulence in 
the pump inlet. The preliminary PRS selections have an inlet elbow that reduces from 16-inches to 
14-inches at the pump inlet, less than the recommended 1.5 reduction. The preliminary drain 
selection have an inlet elbow that reduces from 10-inches to 8-inches at the pump inlet, less than 
the recommended 1.5 reduction. Increasing the inlet to meet the recommended 1.5 reduction would 
cause a deceleration to the pump inlet which is not acceptable. A physical model study is 
recommended to determine if the preliminary inlet elbow will cause nonuniform or unsymmetric 
approach flow conditions and identify remedial measures. 

6.1.3.2 Air Release Valves  

Air release valves will be provided on all local high points to expel gas to prevent air binding. 
Localized high points are anticipated on the discharge of each pump upstream of the discharge 
header. The vent lines will be routed to the sump.  

6.1.3.3 Bypass  

During dry weather flow scenario 1 (refer to Table 3-1), flow will go through the bypass in the Wilroy 
PRS. A passive bypass will be included in the PRS. The bypass will include isolation plug valves and 
an AWWA C508 swing check valve. The check valve will allow flow from a higher HGL on the suction 
side of the PRS and flow to the lower HGL on the suction side. When the PRS is in operation the 
bypass will close preventing flow reversal.  
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The bypass check valve was sized based on recommended velocity to keep the disc in the fully open 
position for the typical range of dry weather flows. Bypass check valve design parameters are 
presented in Table 6-5. 

 
Table 6-5.  Bypass Check Valve Design Parameters 

Parameter Value 
Recommended velocity, fps 6 to 10 
Full range velocity, fps 4 to 15 
Selected check valve size, dia, in 12 
Actual velocity range, fps 5.3 to 10.3 
Headloss range, ft 1 to 4  

1. Recommended and full range velocity based on Valmatic AWWA Swing Check Valve 

6.1.3.4 Control Valves  

Control valves will be provided to control flow to the OLSF and to add head to the drain pump system.  

The design of the control valves will consider the following: 

• Control valves will be rotary control ball valves sized to operate between 20% and 80% open 
throughout the flow range.  

• The control valve for the OLSF feed will be installed on the line feeding the OLSF downstream 
of the PRS pumps. The valve will modulate based on pressure from the suction of the PRS to 
maintain a constant upstream pressure of 30-ft.  

• The control valve for the drain pumps will be installed on the discharge header from the drain 
pumps. The valve will modulate based on pump discharge pressure to maintain a constant 
pressure setpoint to keep the pump curve within the POR of the selected pumps.   

The preliminary design includes a VFD on the drain pumps to control flow. This may not be necessary 
and will be investigated during detailed design to determine if the control valve will be sufficient to 
control both flow and pressure.   

6.1.3.5 Connection to Force Main 

To provide the maximum relief, both the 24-inch force main from Windsor and the 30-inch force 
main from downtown Suffolk need to connect into the new station. The connection to the existing 
force mains will be valved in such a way that the new station can be fully taken offline for 
maintenance or future upgrades. Line stops and bypass piping will be utilized on both the 24- and 
30-inch pipes to cut in new tee fittings and valves. 

6.1.4 Equipment Access and Removal  
All alternatives reviewed have utilized a bridge crane to lift and move all large equipment, valves and 
piping necessary for repair/replacement. The bridge crane is designed to able to move the 
equipment to a central location near the large roll-up door to be transported by truck or trailer. The 
specific size and type of bridge crane will be selected in final design. 

6.1.5 NFPA 820 Evaluation 
An NFPA 820 evaluation was completed for the PRS and OLSF spaces that are covered by NFPA 820. 
Table 6-6 below presents each space, the NFPA 820 designation, the classification, and ventilation, 
materials of construction and fire protection requirements.  
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Table 6-6. NFPA 820 Evaluation 

Area NFPA 820 
Designation Function  

Fire and 
Explosion 

Hazard 

Location 
Classification 

Ventilation 
Reqmnts 

Materials of 
Construction 

Fire 
Protection 
Reqmnts 

PRS Pump Room, 
Below Grade or 
Partially Below Grade 
Wastewater Pumping 
Station Drywell  

Table 4.2.2 
Row 15 Line a 

Pump room 
physically separated 

from wet well, 
pumping of 

wastewater from a 
sanitary or 

combined sewer 
system through 

closed pumps and 
pipes 

Buildup of vapors 
from flammable or 

combustible 
liquids 

Unclassified1 C 

LC, LFS, NC FE 

Table 4.2.2 
Row 15 Line b 

Class 1, Group D, 
Div 21 

 
D 

Below grade 
metering vault 

Table 4.2.2 
Row 34 Line a 

Physically separated 
from the wet well 
and with closed 
piping system 

Buildup of vapors 
from flammable or 

combustible 
liquids 

Class 1, Group D, 
Div 22 

 

Not normally 
ventilated NC 

NR 

Table 4.2.2 
Row 34 Line b Unclassified2 C LC, LFS, NC 

OLSF  

Table 4.2.2 
Row 32 Line a 

Enclosed Structures 
temporarily holding 

untreated or 
partially treated 

wastewater 

Possible ignition of 
flammable gases 

and floating 
flammable liquids 

Class 1, Group D, 
Div 12 

 
A NC 

NR 

Table 4.2.2 
Row 32 Line b 

Class 1, Group D, 
Div 22 B LC, LFS, NC 

Odor Control and 
ventilation systems 
serving classified 
locations 

Table 4.2.2 
Row 18 Line d 

 

Leakage and 
ignition of 

flammable gasses 
and vapors 

Class 1 Group D, 
Div 23 Not enclosed, 

open to the 
atmosphere 

LC, LFS, NC FE 
Table 4.2.2 

Row 18 Line e Unclassified4 

1. Entire room or space 
2. Enclosed space 
3. Areas within 0.9 m (3ft) of leakage sources such as fans, dampers, flexible connections, flanges, pressurized unwelded 

ductwork, and odor-control vessels 
4. Areas beyond 0.9 m (3 ft) 
5. A – No ventilation or ventilated at less than 12 air changes per hour 
6. B – Continuously ventilated at 12 air changes per hour 
7. C – Continuously ventilated at 6 air changes per hour 
8. D – No ventilation or ventilated at less than 6 air changes per hour  
9. NR – No requirement 
10. FE – Portable fire extinguisher 
11. LC – Limited-combustible material 
12. LFS – Low flame spread index materials 
13. NC – Noncombustible material 

PRS Pump Station Pump Room. The pump room in the PRS pump station will be ventilated 
continuously at 6 air changes per hour to declassify the space.  

Meter Vault. The meter vault will not be ventilated, and the space will be rated for Class 1 Div 2.  

OLSF. The OLSF will not be ventilated, and the space will be rated for Class 1 Div 1.  
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Odor Control. The areas within 3-ft of leakages sources will be rated for Class 1 Div 2.  

Ventilation systems serving the PRS Pump room. The areas within 3-ft of leakages sources will be 
rated for Class 1 Div 2.  

6.2 Instrumentation and Controls 
The Wilroy PRS and OLSF instrumentation and control basis for design is: 

• HRSD Design Construction Standards (2022) 
• Providence Road PRS and OLSF Control Descriptions 
• The May 26, 2022 Electrical, SCADA, & Process Control Workshop 
• HRSD ICS Point Naming Convention 10-26-2015 
• Additional assumptions as stated in this Report 

Instrumentation and control will be as shown on Drawings I-101, 102, 103, and 104 in Appendix F – 
Process and Instrumentation Diagrams (P&IDs). 

6.2.1 Control Systems Equipment 
A programmable logic controller (PLC) based remote terminal unit (RTU) provided by the Owner will 
facilitate control and monitoring of the Wilroy PRS and OLSF. 

The RTU will be equipped with a Magellis operator interface terminal (OIT) for local monitoring and 
control of the system. The OIT will communicate to the PLC over serial Modbus RTU. OIT 
programming will match the monitoring and control functionality of the SCADA HMI. The RTU network 
switch shall be Cisco with model as specified by HRSD staff. Communications to the supervisory 
control and data acquisition (SCADA) server and control signals from other remote site PLCs will be 
via a cellular modem provided and configured by HRSD. 

The RTU will also include an independent Telog monitoring and reporting device. Input signals will be 
split from the field terminals and wired to both the PLC and Telog system to replicate the signals 
needed for Telog monitoring. The Telog system will monitor all pump run statuses, influent and 
effluent flow, and influent and effluent pressure. 

PLC, RTU OIT, and supervisory control and data acquisition (SCADA) human machine interface ((HMI) 
programming will be provided by HRSD. The contractor shall coordinate with HRSD during start-up of 
the system for control system and programming testing. 

6.2.2 Instrumentation Elements 
The following instrumentation will be used for monitoring and control of the Wilroy PRS and OLSF 
system. 

Flow Measurement: 

Upstream and downstream flow measurement will be provided by magnetic flow meters 
mounted in vaults with remote mounted transmitters located outside of the hazardous 
environment with sensor rated for use in Class 1 Div 1 environment (Endress + Hauser 
Promag P200, Krohne Optiflux 4000, Badger Meter M4000, or equal). 

Level Measurement: 

OLSF tank level measurement will be provided by a radar level transmitter (Rosemount 5408 
or equal). High-high and low-low float switches will be provided for backup alarming and OLSF 
pump interlocking. 
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Pressure Measurement: 

Upstream and downstream pressure measurement will be provided by pressure indicating 
transducers (Rosemount 3051CG or equal). Pressure transmitters will be mounted with an 
annular seal (Ashcroft, Red Valve, or equal) to isolate the sensor from the process fluid per 
HRSD standard design detail drawing 381. 

Combustible Gas Analyzer 

NFPA 820 does not require a gas analyzer be provided at either location. Gas analyzer will 
not be provided for this project. 

Valve Actuators: 

Valve actuators shall be EIM/Bettis or Limitorque with no accepted equal for reasons of 
standardization for maintenance. 

Equipment Tagging: 

Equipment and instrument tags are based on the ICS Point Naming Convention (10-26-
2015) document and the example project Providence Road PRS tag naming. All equipment 
and instrumentation tags will be preceded with the same 4-digit site number and 2-digit 
process number. HRSD shall provide the Wilroy PRS and OLSF 4-digit site number prior to 
detailed design. The process number is assumed to be “91” as used for the Providence Road 
PRS. Specific loop tags will consist of 4 characters based on the ISA functional identification 
(with an “X” character to fill unused character spaces) and a 4-digit loop designation. 

6.2.3 PRS Pump Control Strategy 
The PRS pumps will be controlled as follows: 

1. Description: 
1. The PRS provide pressure relief and increase system capacity during wet weather 

events. The PRS pump station consists of four (4) variable frequency drive (VFD) 
driven PRS pumps and bypass piping for non-wet-weather (low pressure) operation. 
The pumps are designed to operate as Lead/Lag 1/Lag 2/Standby. 

2. There are upstream and downstream pressure transmitters on the sewer main to 
control the start/stop and speed of the pumps. 

2. Control Descriptions: 
1. Local Manual Control: 

1. Each pump has an HOA (HAND-OFF-AUTO) switch on the respective VFD.  When 
the HOA is placed in the HAND mode the pump starts with speed set at a VFD-
mounted speed potentiometer. Placing the HOA switch in the OFF position stops 
the pump. 

2. Each pump is also equipped with a VFD bypass switch, which allows the pump to 
be run without the VFD using an RVSS. 

2. Local Auto Control:  None. 
3. SCADA Manual Control:  

1. When the HOA is in the AUTO position, and MANUAL mode is selected in the 
SCADA HMI, the pump can be started and stopped and speed adjusted in the 
SCADA HMI. 
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4. SCADA Auto Control:  
1. When the HOA switch is in the AUTO position and AUTO mode is selected in the 

SCADA HMI, the starting and stopping of the pumps and pump speed shall be 
controlled to maintain an upstream pressure communicated from the upstream 
pump station below a maximum pressure setpoint. If communication to the 
upstream pump station is lost, the PRS pumps will be controlled by the on-site 
influent pressure transmitter. 
1) A PID-type control loop adjusts pump speeds to maintain the upstream 

pressure setpoint: 
2) If the lead pump is running at 95% speed or greater for an operator-

adjustable time delay, the next lag pump in the sequence starts. The speeds 
of both pumps are then modulated together, as a unit, to maintain the 
maximum upstream pressure setpoint. Subsequent lag pumps are started 
similarly. 

3) If the pumps are ever running at minimum speed for an operator adjustable 
time delay, the last pump in the lag sequence ramps to a stop while the 
remaining pumps continue to modulate speed to maintain the maximum 
upstream pressure setpoint. 

2. A software alternation switch P1/P2/P3/P4/ALT is used to select which pump is 
the Lead. If a pump is not in the Auto mode, it will not be included in the 
Lead/Lag/Standby sequencing.  If the operating pump fails for any reason or is 
not available, the standby pump in the sequence shall run in its place. When the 
switch is in the ALT position, the Lead pump shall be rotated automatically after 
each stop cycle. 

3. Interlocks and Permissives: 
1. Refer to the P&IDs. 

6.2.4 OLSF Tank Fill Control Strategy 

The OLSF tank filling will be controlled as follows: 

1. Description: 
1. When wet weather flows exceed the capacity of the PRS pumps to reduce system 

pressure, the OLSF control valve will open to allow flow to the tank.  
2. There are upstream and downstream pressure transmitters on the sewer main to 

control the start/stop and speed of the pumps. 

2. Control Descriptions: 
1. Local Manual Control: 

1. The control valve has an HOA (HAND-OFF-AUTO) switch on the valve actuator.  
When the HOA is placed in the HAND mode the valve can be opened and closed 
at the valve actuator. Placing the HOA switch in the OFF position will keep the 
valve in the last commanded position. 

2. Local Auto Control:  None.  
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2. SCADA Manual Control:  
1. When the HOA switch is in the AUTO position and MANUAL mode is selected in 

the SCADA HMI, the valve position can be adjusted by inputting a value in the 
SCADA HMI. 

3. SCADA Auto Control:  
1. When the HOA switch is in the AUTO position and AUTO mode is selected in the 

SCADA HMI, positioning of the control valve shall be adjusted to maintain an 
upstream pressure communicated from the upstream pump station. If 
communication to the upstream pump station is lost, the control valve will be 
controlled by the on-site influent pressure transmitter. AUTO mode must be 
selected for the PRS pumps to enable OLSF control valve AUTO mode. 
1) If all active PRS pumps are running at 95% speed or greater for an operator-

adjustable time delay, the control valve will open to fill the OLSF tank and 
adjust percent open to maintain the upstream pressure setpoint. 

2) A PID-type control loop adjusts valve position to maintain the upstream 
pressure setpoint. The control valve pressure setpoint must be a minimum of 
5 psi above the pressure setpoint used for PRS pump control.  

3) While the OLSF control valve is open, Pump speed will be held at a constant 
maximum speed of 95% and PID-type control disabled to prevent wind-up. If 
the control valve closes and pressure drops below the PRS pump pressure 
setpoint, pump speed control will resume per the PRS pump control strategy. 

2. If the OLSF tank level transmitter high level setpoint is reached or if the high-high 
level backup float is activated, the control valve will automatically close and will 
not reopen until the level drops below the low level setpoint. 

3. Interlocks and Permissives: 
1. Refer to the P&IDs. 

6.2.5 OLSF Drain Pumps Control Strategy 
The OLSF drain pumps will be controlled as follows: 

1. Description: 
1. The Offline Storage Facility (OLSF) collects and stores excess flow during wet 

weather events and uses drain pumps to return flow to the system once the wet 
weather peak has subsided. The OLSF drain pump station consists of three (3) 
variable frequency drive (VFD) driven drain pumps. The pumps are designed to 
operate as Lead/Lag 1/Standby. 

2. The pumps are controlled based on the discharge flow and the level in the OLSF 
tank. 

2. Control Descriptions: 
1. Local Manual Control: 

1. Each pump has an HOA (HAND-OFF-AUTO) switch on the respective VFD.  
When the HOA is placed in the HAND mode the pump starts with speed set at 
a VFD-mounted speed potentiometer. Placing the HOA switch in the OFF 
position stops the pump. 

2. Local Auto Control:  None. 
2. SCADA Manual Control:  
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1. When the HOA is in the AUTO position, and MANUAL mode is selected in the 
SCADA HMI, the pump can be started and stopped and speed adjusted in the 
SCADA HMI. 

3. SCADA Auto Control:  
1. When the HOA switch is in the AUTO position and AUTO mode is selected in 

the SCADA HMI, the starting and stopping of the pumps and pump speed 
shall be controlled to maintain a discharge flow. 
1. The lead pump will start if the flow falls below the operator adjustable 

deadband for an operator adjustable time delay while the OLSF tank level 
is above the low level setpoint. The lead pump will vary speed to maintain 
the downstream pressure setpoint. 

2. A PID-type control loop adjusts pump speeds to maintain the discharge 
flow setpoint. 

3. If the lead pump is running at 95% speed or greater for an operator-
adjustable time delay, the next lag pump in the sequence starts. The 
speeds of both pumps are then modulated together, as a unit, to 
maintain the downstream pressure setpoint. 

4. If the pumps are ever running at minimum speed for an operator 
adjustable time delay, the lag pump ramps to a stop while the lead pump 
continues to modulate speed to maintain the upstream pressure 
setpoint. 

2. A software alternation switch P1/P2/P3/ALT is used to select which pump is 
the Lead. If a pump is not in the Auto mode, it will not be included in the 
Lead/Lag/Standby sequencing.  If the operating pump fails for any reason or 
is not available, the standby pump in the sequence shall run in its place. 
When the switch is in the ALT position, the Lead pump shall be rotated 
automatically after each stop cycle. 

3. Backpressure for the pumps is maintained by the control valve based on 
pump speed. When the backpressure control valve HOA switch is in the AUTO 
position and AUTO mode is selected in the SCADA HMI, the backpressure 
control valve will open fully before any pumps can be called to run. The 
backpressure control valve will automatically adjust position to maintain a 
minimum pump speed (initially 1229 RPM, operator adjustable) only if the 
calculated head differential (discharge pressure in ft – tank level in ft) drops 
below the minimum system head differential setpoint (initially 20 ft, operator 
adjustable). The control valve will fully open when the calculated head 
differential rises above the minimum system head differential setpoint after 
an operator adjustable time delay. 

4. The drain pumps will all automatically stop if a pipe-break condition is 
detected in the downstream piping. HRSD will provide typical logic for 
detection of pipe-break conditions for the detailed design to be incorporated 
into this control strategy. 

3. Interlocks and Permissives: 
1. Refer to the P&IDs. 
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6.3 Structural  
The following section provides the applicable design codes and requirements for structural design of 
the project. 

6.3.1 Codes and Design Loads 
2018 Virginia Uniform Statewide Building Code (USBC) 

ACI 318-14, Building Code Requirements for Structural Concrete ACI 350, Code Requirements for 
Environmental Engineering Concrete Structures 

AISC 360-16, Specification for Structural Steel Buildings 

ASCE 7-16, Minimum Design Loads and Associated Criteria for Buildings and Other Structures 

AWS D.14D1.4M-2011, Structural Welding Code 

SDI RD-2017, Standard for Steel Roof Deck 

SJI 100-15, 44th Edition Standard Specification Load Tables and Weight Tables for Steel Joists and 
Joist Girders K-Series, LH-Series, DHL-Series, Joist Girders 

TMS 402-2016, Building Code for Masonry Structures 

TMS 602-2016, Specification for Masonry Structures 

6.3.2 Design Loads 
Dead Loads = Weight of components of building + collateral loads 

Pump Room Floor Live load = 300 psf throughout + pump weights 

Generator Room Floor = 300 psf + Generator weight 

Electrical Room Floor = 125 psf 

All other Floors = 100 psf (min) 

Roof Live Load = 20 psf  

Risk Category = III 

Wind Criteria: 

Ultimate Wind Speed = 126 mph 

Nominal Wind Speed = 97.6 mph 

Exposure Category = C 

Enclosure Classification = Partially Enclosed; Internal Pressure = ±0.55 

Snow Criteria: 

 Ground Snow Load, Pg = 10.0 PSF 

 Importance Factor, I = 1.1 

 Thermal Factor, Ct = 1.10 

 Exposure Factor, Ce = 1.2 

 Drift Loads – Will be accounted for at changes in roof slopes and parapets. 
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Seismic Criteria: 

 Importance Factor, I = 1.25 

 Site Class:  D (Assumed) 

 Ss (0.2 sec) = 9.20%g 

 S1 (1.0 sec) = 4.10%g 

 Sds = 0.098g 

 Sd1 = 0.066g 

 Seismic Design Category = A 

 Seismic Resisting System – Ordinary Reinforced Masonry Shear Walls 

 Response Modification Coefficient = 2 

 Design Base Shear, V = 0.061W  

6.3.3 Materials 
• Concrete Compressive Strength: 4,500 psi Normal Weight for footings, walls and slab on 

grade  
• Load Bearing Concrete Masonry Units:  2,000 psi (minimum net area compressive strength) 
• Reinforcing Steel Yield Strength:  ASTM A615, 60,000 psi 
• Steel I-Beams & Columns:  ASTM A992, Grade 50 
• Steel HSS members:  ASTM A500, Grade B 
• All Other Steel:  ASTM A36 

6.3.4 Structure Description 
The following paragraphs provide BC’s recommendation for the structural design elements. 

The building structure will be primarily a single-story structure with concrete masonry unit bearing 
walls and a steel framed roof. The pump room which is the majority of the footprint of the building 
will have a finished floor elevation approximately 10’-0” below adjacent grade. The areas of the 
building that house the generator, restroom and electrical rooms will have a finished floor elevation 
closer to grade elevation. Within the pump room, a concrete platform that is near grade elevation 
and will provide a staging and loading area for equipment. A 3-ton bridge crane will span the entirety 
of the pump room allowing access to the platform and allow for lifting of all valves, piping, and 
pumps within the pump room.   

The foundations for the structure are unknown at this time and pending the results of the subsurface 
investigation by the geotechnical engineer. Either shallow spread foundations or deep foundations 
are anticipated. Other structures that are part of the project may require piles, thus they may be 
available if required for the building to resist uplift forces. The below grade wall construction and 
floor slabs of the structure will be constructed of cast-in-place concrete with waterstops at joints to 
waterproof the below grade pump room.  Equipment and pumps are anticipated to be placed on 
concrete housekeeping pads. 

The roof structure is anticipated to be metal deck spanning to deep long span open web joists that 
span the pump room and typical open web joists spanning the generator and electrical room.  
Depending upon roof pitch and layout, the joist top chord can be double pitched or sloped to 
accommodate roof slope and drainage. The exterior bearing walls will be constructed of concrete 
masonry unit (CMU) walls above grade bearing on the concrete below grade walls. There is the 
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opportunity to use acoustical CMU for the interior wall surface of the walls and also acoustical metal 
roof deck to help reduce noise within the pump room and generator rooms. 

The 3-ton bridge crane is anticipated to be supported separately from the roof structure. The bridge 
crane will span the entire pump room on steel rail beams supported on steel columns adjacent to 
the exterior wall at one side and along the demising wall between the pump room and generator/ 
electrical room on the other side of the pump room. The steel columns will bear at or near grade 
level on concrete piers that are built within the below grade building walls.  

Openings in bearing walls will require lintels and supports for veneer where required.  Reinforced 
CMU lintels will be utilized at smaller openings while steel lintels will be used at larger openings.  All 
steel lintels will be hot dipped galvanized to prevent corrosion.   

The lateral resisting system for the structural will consist of the roof diaphragm transferring loads to 
the reinforced masonry shear walls and into the foundations.  

6.4 Architectural 
For development of the architectural approach, GuernseyTingle was subcontracted to BC to provide 
recommendations that were reviewed by BC’s in house architecture staff. 

6.4.1 Project Description 
The architectural elements of this project include a 13,300-sf wastewater storage tank and a 
10,900-sf service building. The service building and tank are partially underground and partially 
above ground. Two options are presented in the following section for architectural treatments. The 
height of the service building in Option 1 is 35 ft above grade and the height of the service building 
in Option 2 is 30 ft above grade. The tank in both options is 23 ft above grade and 32 ft total in 
height. 

The service building is made up of a lower-level open area that houses all the pumps and piping, and 
an upper level with a single occupant bathroom, a generator room, and an electrical room. The open 
pump area is roughly 122’ x 75’ and is open to the roof structure above. The bathroom is 9’ x 8’ and 
the ceiling height is 10 ft above floor height. The electrical room and the generator room are each 
50’ x 16’ and have a ceiling height of 12 ft above floor height.  

6.4.2 Research Images 
The architectural design of the two options below were inspired by the aesthetic of some of the 
existing buildings in the surrounding area of Wilroy Rd in Suffolk. While doing research on the 
proposed area, some of the buildings were found to have outdated architectural styles and others to 
be very plain on the exterior with no openings to allow natural light into the space. Many of the 
buildings were brick commercial buildings or large metal warehouses. This style was determined to 
not be a good fit for the pressure reducing station. Therefore, research was focused on just a few of 
the buildings in the area, so the design would fit in with the architectural language of the area but 
still be aesthetically appealing.  

Inspiration for Option 1: 

For Option 1, the design was inspired by some of the contemporary style buildings in the area. The 
contemporary style is appropriate for the pressure reducing station because the style is classified by 
being innovative and sustainable. Below are examples of the building that inspired the concept of 
this option.  
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The image below is of The Children’s Center building. Some of the architectural elements of this 
building that inspired the first concept of the pressure reducing station are the large asymmetrical 
windows, the irregular roof shape, and the vertical Hardie panel siding. The large windows and 
irregular roof shape allow the building to receive abundant natural light and give it a more interesting 
shape than a typical modular industrial building. The vertical Hardie board allows the gives the 
building a commercial feel as opposed to a horizontal linear pattern which would make the project 
look more residential.  

 
Figure 6-7.  The Children’s Center Building 

 

This next image is of the Seger Electric Company building. The elements of this building that inspired 
the design of Option 1 include the metal roof on the rear portion of the building and the lower-level 
roof on the front portion of the building. The metal roof was preferred in our design because it is a 
noncombustible material as opposed to an asphalt shingle roof with wood structural components 
which is combustible. The lower-level roof on the front of the building is more inviting because it is 
closer to the scale of the human, and it directs a person visually to enter in that part of the building. 
This effect was desired to be mimicked in the design. 
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Figure 6-8.  Seger Electric Company Inc Building 

 

Figure 6-9 shows an example of the recommended look for with the tank in Option 1. This tank has a 
contemporary feel to it because it has epoxy covered metal panels and a geometric metal roof. The 
white colored exterior walls are a nod to the white accent color on the trim of the service building.  

 
Figure 6-9.  Storage Tank Design 

 

Inspiration for Option 2:  

For Option 2, the design was inspired by the rural nature of the surrounding area. This option has a 
barn-like aesthetic. This style is appropriate for the pressure reducing station because it would allow 
us to have a large building with a minimal number of openings and still be visually appealing. It also 
will allow the building to blend in with the surrounding area. Below are examples of the buildings that 
inspired the concept of this option. 

The image below shows a building with typical barn features. Some of the elements of this building 
that were drawn from for Option 2 were the large barn doors and scarce openings in the exterior 
walls. The barn doors are more ornate and visually appealing than the roll up steel door of the first 
design and the structure can be simplified by not having too many openings in the exterior walls.  
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Figure 6-10.  Barn Design (HRSD’s Elbow Road PRS) 

 

The building in the image below is the Bridlewood Equestrian Estates. This building as well as the 
barn design in Figure 6-10 have vertically patterned siding which have been incorporated in design 
Option 2. Inspiration was also found in the cupolas on the top of this building. Many barn structures 
include either a decorative or functional cupola on the roof. Since the openings are minimized in the 
exterior walls of our concept, a skylight structure was added on the roof, similar to the cupolas, to 
allow the space to receive natural light.  

 
Figure 6-11.  Bridlewood Equestrian Estates 
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Below is an example of the recommended look for with the tank in Option 2. This tank was intended 
to resemble a silo to continue with the barn-like aesthetic. The elements that aid in achieving this 
look are the horizontal ribbed metal siding and the metal roof.  

 
Figure 6-12.  Storage Tank Design 

 

6.4.3 Applicable Codes 
The code analysis below was completed according to the requirements of the Virginia Construction 
Code, 2018 Edition, and by reference the International Building Code, 2018 Edition and the ICC 
A117.1 Accessible and Usable Buildings and Facilities, 2017 Edition.  

Use group – F-2 (Main Building) and U (Tank) 

Construction Type – II B 

Fire Suppression System– Not sprinklered 

Fire Extinguisher Requirements – (1) 2-A and (2) 1-A Rated Fire extinguishers. 

Building Area 

Allowable – 23,000 sf 
Actual – 11,225 SF 

 Building Height 

Allowable – 55’ 
Actual – 35’ 

 Number of Stories 

Allowable – 3 
Actual – 1 

Occupancy – 38 Occupants 
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Fire Resistance Ratings 

 Structural Frame:  0 Hours 
Bearing Exterior Walls:   0 Hours 
Bearing Interior Walls:  0 Hours 
Non-Bearing Exterior Walls: 0 Hours 
Non-Bearing Interior Walls: 0 Hours 
Floor Construction:  0 Hours 
Roof Construction:  0 Hours 
Corridor Walls:   0 Hours 

 Fire Separation Distance - >10 feet 

Life Safety Requirements 

Emergency Lighting:  Required 
Exit Signs:   Required 
Fire Detection System:   Required 

 Exit Requirements 
  Common Path of Egress  

Travel Distance:  75’ 
  Maximum Travel Distance: 300’ Allowed, 160’ Actual  
  Minimum Number of Exits:  2 Required, 2 Provided 
  Egress Width:   32” required, 108” Provided 

 Energy Code Requirements     

  Insulation Values 

   Roof   R-30 Continuous Insulation 
   Above Grade Walls R-9.5 Continuous Insulation 
   Below Grade Walls R-7.5 Continuous Insulation 
   Floor   R-10 Continuous Insulation 

 Plumbing Requirements 

  Water Closets  1 Required, 1 Provided 
  Lavatories  1 Required, 1 Provided 
  Water Fountains 1 Required, 1 Provided 
  Service Sinks  1 Required, 1 Provided 
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6.4.4 Floor Plan 

 
Figure 6-13. Building Floor Plan 
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6.4.5 Option 1 

 
Figure 6-14.  Option 1 Rendering 

 

Option 1 was inspired by the more contemporary style architecture of the area. It has a high-low, 
asymmetrical roof with high windows to fill the space with natural light.  

The color scheme of this option is inspired by the function of the building. The main color is blue to 
give a hint at the water storage nature of the building while also helping it stand out in the vegetation 
and in the surrounding area.  

The walls of this option are acoustical CMU block with Hardie board vertical board and batten 
exterior siding above grade. The floors are concrete, and the roof is a standing seam metal roof with 
a galvanized acoustic metal roof deck on purlins. The roof will have 2’ overhangs, and on the low 
edges, there will be pre-finished metal gutters with 4 downspouts on each side.  

The tank for this option will be concrete with epoxy coated steel panels on the exterior and an 
architectural steel roof covering with a polished, natural finish. The epoxy coated steel panels will be 
white to bring out the accent color of the service building.  



Wilroy PRS and OLSF PER Section 6 

 

 
6-24 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

6.4.6 Option 2 

 
Figure 6-15.  Option 2 Rendering 

 

Option 2 has more of a barn style aesthetic. This option features a large skylight structure to let in 
natural night, and large barn doors at the front. 

The color scheme of this option is like the first, but the blue is darker in this option than the first. This 
shade of blue will also allow the building to stand out against the landscape, but the deeper shade of 
blue is more appropriate for the barn aesthetic.  

The walls of this option are also acoustical CMU block with Hardie board vertical board and batten 
exterior siding above grade. The floors are concrete, and the roof is a standing seam metal with a 
galvanized acoustic metal roof deck on purlins. The roof will have 2’ overhangs and on the low 
edges, and there will be pre-finished metal gutters with 4 downspouts on each side. 

The tank of this option will be similar to a barn silo with a concrete structure and horizontally ribbed 
metal siding on the exterior and a steel roof. The tank will be polished and have a natural metal 
finish.  

6.4.7 Doors and Hardware 
Personnel Doors and frames to be similar to ChemPruf, gel coated, insulated fiberglass with 
stainless steel hardware. 

Overhead roll up door (Option 1) to be epoxy coated insulated steel with electrical motor operation 
with control stations. 

Barn Doors (Option 2) to be insulated steel or aluminum, probably custom made with PVC trim 
applied and epoxy coated. 
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6.4.8 Internal Finishes 
In the main pump area, the CMU walls should be sealed with epoxy paint. The concrete floors should 
be sealed with a clear urethane floor sealer. The roof structure should also be sealed with epoxy 
paint. 

For the bathroom, there should be a 4” concrete curb at the base of the wall. The concrete floor and 
curb should be sealed with a clear urethane floor sealer. The walls should have tile from the 
concrete curb to the ceiling. The ceiling should be mold and mildew resistant acoustical ceiling tile.  

6.5 Electrical 
6.5.1 Design Criteria 
The electrical systems shall be designed in accordance with the following codes and criteria: 

• NFPA 70:  National Electrical Code – 2017 

• NFPA 780:  Standard for the Installation of Lightning Protection Systems 

• NFPA 820:  Standard for Fire Protection in Wastewater Treatment and Collection Facilities – 
2020 

• HRSD Design and Construction Standards – January 2022 

• 2017 Blue Book – Dominion Energy Virginia 

• HRSD input provided at May 26, 2022, Electrical, SCADA, & Process Control Workshop 

• IES:  Illuminating Engineering Society 

6.5.2 Utility Power 
Utility power shall be brought to the project site by Dominion Energy (DE).  Primary service is 
anticipated to be installed underground from the existing overhead primary installed along Wilroy 
Road to the proposed location for the utility pad-mounted transformer. DE has confirmed 3-phase 
primary is installed along Wilroy Road and can serve any property so long as all necessary approvals 
(permits, easements, etc.) are acquired.  The existing circuit fronting the station has sufficient 
capacity to serve the proposed facility without significant upgrades from DE.  Underground primary 
cable and conduit shall be installed by DE.  The utility pad-mounted transformer shall be installed to 
limit secondary conductors to 50 feet in length so they may be provided and installed by DE.  The 
contractor shall install secondary conduits from the utility transformer to the CT section of the main 
switchboard within the building. 

6.5.3 Standby Power 
A diesel-engine generator shall be installed to provide standby power for the entire facility.  To 
provide full-building backup power, (1) 1.5MW, 480/277V, 3-phase, 4-wire generator is anticipated.  
Generator size excludes (1) redundant PRS pump and (1) redundant drain pump.  Size assumes all 
pumps are started separately with an adjustable time delay between each.  The unit shall be 
installed in a dedicated room within the building on a concrete pad with vibration isolation.  Exhaust 
piping and critical grade silencer shall be fully insulated and supported with vibration isolators.  A 
double-wall underground fuel storage tank coupled with an interior day tank is anticipated to provide 
48-hours of run time at full rated load.   

The generator shall be connected to a three-way manual transfer switch (MTS) that allows for the 
facility to be powered by a portable generator in the rare event the permanent standby generator is 
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offline.  The MTS shall also allow for a portable load bank to be connected to the standby genset 
using Leviton 18R24 series connectors in accordance with HRSD standards. 

The automatic transfer switch (ATS) integrated into the main switchboard shall be capable of sensing 
loss of normal power, automatically starting the engine-generator, and shall transfer the station 
loads to the available source. 

6.5.4 Building Power 
The electrical characteristics for this building are 480/277V, 3-Phase, 4-Wire.  In addition, 
120/208V, 3-Phase, 4-Wire power shall be provided by use of step-down dry type transformer(s).  
The main electrical service equipment rated 2,500-amps shall utilize switchboard construction.  The 
main switchboard shall be furnished with DE metering section, main circuit breaker, ATS, surge 
suppression, and distribution sections as required.  A remote open/close operator and arc flash 
reduction maintenance switch for the main breaker shall be installed outside of the arc flash 
boundary.  

Yaskawa or Allen Bradley VFDs with integral electronic solid-state soft bypass starters shall be 
provided for all pressure reducing and drain pump motors.  VFDs shall be furnished with integral line 
reactors and utilize IGBTs to mitigate harmonics. 

All wiring shall be run in conduit.  Conduit shall be galvanized rigid steel; minimum size shall be 3/4".  
Polyvinyl chloride (PVC) conduit shall be allowed where properly protected within or beneath concrete 
floor slabs.  Liquid-tight flexible metal conduit shall be limited in application to the connection of 
interior lighting fixtures, motors, and miscellaneous equipment and in lengths not to exceed six feet.  
Any exterior branch circuits installed underground shall utilize schedule 40 PVC conduits, minimum 
1” in diameter. 

Conductors shall be copper and thermoplastic insulated with type THWN, THW or XHHW insulations.   

Specific pertinent design standards shall be as follows: 

• Service and feeder conductors shall be sized for a maximum voltage drop of 2% at the 
circuit’s rated capacity.  Branch circuits shall have a maximum voltage drop of 3%. 

• Receptacles shall be 20-amp, 120V grounding type, specification-grade. 

• Ground fault interrupter (GFI) type receptacles shall be provided within 6 feet of a water 
source. 

• Special type receptacles shall be used for user equipment as required. 

• Weatherproof GFI receptacles with lockable, metallic, weatherproof while-in-use, “extra-duty” 
covers shall be strategically located around the exterior of the building and installed in the 
area of exterior mechanical and electrical equipment. 

All electrical power distribution components shall have a short circuit withstand rating that exceeds 
the available fault current at that point in the system.  Components shall be fully rated.  Series rated 
devices shall not be allowed. 

6.5.5 Lightning Protection and Grounding 
A complete lightning protection system shall be provided in accordance with NFPA 780.  The 
lightning protection system shall meet all the requirements of UL and LPI 175 Standard for the 
Design – Installation – Inspection of Lightning Protection Systems, complete with air terminals on the 
roof, bonding of all mechanical equipment and stacks, bonding of structure and railings, bonding of 
all metallic parts, ground conductors, ground rods, connectors, straps, etc. 
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A complete equipment grounding system shall be provided such that all metallic structures, 
enclosures, raceways, junction boxes, outlet boxes, cabinets, machine frames and all other 
conductive items operate continuously at ground potential and provide a low impedance path to 
ground for possible fault currents.  Ground system resistance shall be 5 ohms or less.  

The reference ground for the equipment grounding system shall be established from the following 
grounding electrodes, all bonded together to provide a single point grounding system:  Counterpoise 
loop encircling the building, copper clad driven ground rods, bonding to the building steel and/or 
rebar (where applicable), and cold-water bond.  

Grounding connections shall be made with compression fittings or exothermic welds.  A separate 
insulated equipment-grounding conductor shall be provided for each single and 3-phase feeder and 
branch circuit.  The grounding conductor shall be run with the related phase and neutral conductors.  
Panel feeders installed in more than one raceway shall have individual, full sized, green grounding 
conductor in each raceway.  The equipment grounding system shall not rely on the metallic raceways 
for grounding continuity. 

6.5.6 Lighting 
Lighting intensities shall be as specified in the current edition of the Illuminating Engineers Society 
handbook, with a minimum average of 30fc.  Lighting controls shall be in accordance with HRSD 
Lighting Guidelines. 

Exit lights shall be LED type with red letters, located in all paths of egress.  Emergency egress lighting 
shall typically be provided by emergency battery units (EBUs) in lieu of integral battery backup 
fixtures.  Building mounted exterior lighting for all egress points shall be provided. 

All exterior fixtures shall be sharp cut-off type.  Building lighting shall be architectural style wall packs 
strategically positioned and coordinated to complement the building exterior. Any pole mounted 
fixtures shall be aluminum and no more than 12 feet above grade. All site lighting shall be controlled 
by photocell. 

LED shall have a Color Rendering Index (CRI) of 80 or greater.  Color temperature shall be 4000K for 
interior and exterior lights. 

6.6 Building Mechanical 
6.6.1 HVAC Design Criteria 
The heating, ventilating, and air conditioning (HVAC) systems shall be designed in accordance with 
the following: 

• Virginia Mechanical Code – 2018 

• Virginia Energy Conservation Code – 2018 

• NFPA 820:  Standard for Fire Protection in Wastewater Treatment and Collection Facilities – 
2020 

• HRSD Design and Construction Standards – January 2022 

Weather design criteria shall be per ASHRAE design conditions for Suffolk, Virginia: 

• 99% heating and 1.0% cooling conditions: 

o Outside winter design temperature:  24.7°F DB 

o Outside summer design temperature:  92.5°F DB / 77.8°F WB 
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• Extreme Annual Temperatures: 

o Max:  99.3°F DB / 83.9°F WB 

o Min:  13.0°F DB / 12.1°F WB 

• 10-year Extreme Temperatures: 

o Max:  103.3°F DB / 87.4°F WB 

o Min:  4.9°F DB / 4.9°F WB 

Electrical Room: 

Heating and air conditioning shall be provided to maintain temperatures above 50.0°F and below 
85°F using a split system heat pump system. Controls shall be by standard thermostat. 

Generator Room: 

The generator room shall be heated and ventilated to maintain temperatures above 50.0°F and 
below 105°F, except on peak days where the normal ambient design condition is exceeded.  Heating 
shall be accomplished by electric unit heaters and ventilation will be accomplished by a wall 
mounted propeller fan.  Wall mounted louvers shall be provided for intake air to serve the exhaust 
fan and generator cooling/combustion air.  Louvers shall be furnished with gravity type backdraft 
dampers and insect/bird screen as applicable. 

Pump Room: 

The pump room shall be continuously ventilated to comply with NFPA 820.  Supply and exhaust air 
shall operate continuously at 6 air changes per hour (ACH).  Fans shall be monitored for failure and 
shall alarm both the pump room and at the entrance doors to the space if failure is detected.  
Heating shall be accomplished by electric heating and ventilating units to maintain approximately 
50.0°F, except on peak days where the normal ambient design condition is exceeded. 

Restroom: 

The restroom shall be exhausted per code and heated by use of a cabinet wall heater to maintain 
68.0°F.  Exhaust fan shall be controlled by a local wall switch and the heater shall be controlled by a 
thermostat. 

6.6.2  Plumbing 
Domestic water shall be routed within the building to the restroom, hose bibbs, and other plumbing 
fixtures as required.  On-demand type electric water heaters are anticipated to serve the restroom 
sink and to provide tempered water to an eye wash station located in the generator room. 

Waste piping shall discharge to the gravity sewer system. 

6.6.3 Fire Suppression 
A fire protection system is not anticipated for the proposed facility. 
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Section 7 

Site Design 
7.1 Site Plan   
Civil work includes the following and references Proposed Site Plan C-100: 
• Installation of erosion and sediment controls during construction 
• Installation of underground primary electric service and facility grounding system will be required. 

See Section 6.7 Electrical for more detail 
• Installation of perimeter security fence and any gates. Gate operator type, driveway width, and 

details will be determined during detailed design 
• Installation of yard piping for proposed OLSF and pump station including possible retrofits, odor 

control ducting, and drainage 
• Installation of yard piping for potable water/hose bibbs and sewer connections 
• Installation of stormwater controls 
• Site grading and paving 
• Site restoration, including surface treatments, pavement, curbing, concrete sidewalks, and 

perimeter security fence 
While the physical site location is to be determined, criteria for selecting a site should take the 
following into consideration:  
• Installation of 3 MG OLSF and 21 MGD pump station 
• Utility truck turning radius for deliveries and/or maintenance 
• Access drive and turnaround 
• Working clearance space around tanks 
• Crane accessibility 
• Adequate ground compaction to support use of cranes 
• Vehicular access to refuel underground bulk fuel tank. Fuel station will adhere to City of Suffolk 

and State of Virginia requirements 
• Proposed buildings and tanks will be located outside of floodplain 
• Allowance for buffer zone and possible site setbacks along street and possible future 

expansion/tank addition 

7.1.1 Utility Access, Parking, and Driveway 
Truck access and a parking area will be required for operation and maintenance personnel and 
visitors. Truck access should take turning radius, crane access, and possible fire truck access into 
consideration. Access around the OLSF will be provided for maintenance and graded accordingly. 
The site will be prepared for any maintenance of the tank or pump station requiring crane access.  

Parking and accessibility will adhere to City of Suffolk and State of Virginia requirements. Driveway 
encroachments must be approved through Virginia Department of Transportation (VDOT). 
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7.1.2       Fencing 
Fencing includes installation of perimeter security fence and any gates. Per HRSD standards, a 
picket fence should be used where visual screening is less important, but perimeter security is still 
required. A solid fence may be used where visual screening is of primary concern. Standard signage 
to be used to designate property and combined safety sign to be displayed at personnel entrances. 

7.2 Stormwater Management 
A Stormwater Pollution Prevention Plan (SWPPP) that identifies potential sources of pollutants that 
may reasonably be expected to affect the quality of stormwater discharges from the construction site 
should be prepared. The standards contained within the Virginia Stormwater Management Program 
(VSMP) law and regulations, the handbook, and the Virginia Stormwater BMP Clearinghouse website 
are to be used in the preparation of the stormwater management plan. The plan shall identify and 
require the implementation of control measures, and shall include, but not be limited to the inclusion 
of; or the incorporation by reference of, an approved erosion and sediment control plan, an approved 
stormwater management plan, a pollution prevention plan, and a plan to address, if applicable, 
specific waste load allocations when discharging waters with an approved TMDL. Unless otherwise 
specified, the prescribed design storms are the one-year, two-year, and 10- year 24-hour storms 
using the site-specific rainfall precipitation frequency data recommended by the U.S. National 
Oceanic and Atmospheric Administration Atlas 14 Partial duration time series shall be used for the 
precipitation data. The stormwater management plan shall consider all sources of surface runoff and 
all sources of subsurface and groundwater flows converted to surface runoff. Stormwater quality and 
quantity will adhere to City of Suffolk and State of Virginia requirements. 

Storm sewer systems, drainage inlets, ditches, channels, culverts, and waterway crossings shall be 
hydraulically designed in accordance with Chapters 3 through 9 and 12 of the VDOT Drainage 
Manual (VDOT DM), except as amended in these Design Standards. VDOT DM forms are required 
with all design submittals. Positive drainage, above and below ground, shall be provided for all 
projects. 

The site will be graded to facilitate stormwater runoff. Grading completed on site will be done to 
minimize ponding and promote drainage away from structures. Positive surface drainage shall be 
provided. The maximum and minimum grades for drainage as identified in Table 7-1 will be applied 
to new construction. 

 
Table 7-1. Design Grading  

Description  Grading Design Criteria  

Roadways, longitudinal  Minimum 0.3%  

Roadways, transverse  Minimum 2.0%  

Granite pavers in parking areas, sheet flow  
Minimum 1.5%  
Maximum 5.0%  

Curb and gutter valley  Minimum 0.3%  

Walks, transverse  1.5% for drainage as required  

Walks, longitudinal  
Minimum 0.3%  
Maximum 5.0%  

Concrete landings  Maximum 2.0%  
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7.3 Erosion and Sediment Control 
Erosion and sediment controls shall be installed during construction.  An erosion and sediment control 
plan consistent with the requirements of the current Virginia Erosion and Sediment Control Law and 
regulations must be approved prior to the issuance of a land disturbance permit. Erosion and Sediment 
Control Plans shall be signed and sealed by a Virginia Licensed Professional Engineer. All land 
disturbing activities in excess of 2,500 square feet within the Chesapeake Bay Preservation Area 
(CBPA) or 10,000 square feet outside of the CBPA must provide a plan containing adequate measures 
in accordance with the City Erosion and Sedimentation Control Ordinance and the Virginia Erosion and 
Sediment Control Regulations.  
All erosion and sediment control measures must conform to the Virginia Erosion and Sediment Control 
Handbook and Regulations, the minimum standards of the Virginia Department of Environmental 
Quality (DEQ), and the Code of The City of Suffolk. Work should be avoided in the tree drip line area 
and comply with the Virginia Erosion and Sediment Control Handbook and ANSI A3. 

7.4 Permitting Plan 
The following permits and approvals will be required for this project: 

• Driveway encroachments must be approved through VDOT/City of Suffolk 
• SWPPP must be approved by VSMP 
• Stormwater Construction General Permit must be approved through Virginia Department of 

Environmental Quality (VDEQ) 
• Erosion and Sediment Control Plan conforming to Virginia Erosion and Sediment Control 

Program through VDEQ 
• Building Permit through City of Suffolk 
• Conditional Use Permit through City of Suffolk 

The following codes will be used for the final design for this project: 
State of Virginia: 

• Virginia Erosion and Sediment Control Handbook (VESCH) 
• Virginia Stormwater Management Handbook 
• Virginia Administrative Code, 9VAC25-870-62 through 9VAC25-870-92 
• Virginia Administrative Code, 9VAC25-840 

City: 
• City of Suffolk, Department of Public Utilities, Public Facilities Manual Volume II, 2014 

Release 1 
• City of Suffolk, Department of Public Utilities, Public Facilities Manual, Volume I, Second 

Edition  
HRSD: 

• Design and Construction Standards, January 2022 
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Section 8 

Environmental Evaluation 
With site selection not fully completed, a detailed environmental evaluation is still pending at the 
time of this report. BC has started to conduct a desktop review and is currently working with the 
candidate property owners to visit the sites to conduct a preliminary environment assessment of the 
properties.  

8.1 Wetland Delineation 
BC conducted a brief desktop review using online resources, such as property documents and online 
USGS maps. During this assessment BC found that there is possibility of wetlands on the backside of 
all three sites and a drainage path on the edge of the JTF Properties parcels. Figure 8-1 shows the 
possible wetlands and drainage path along the properties. Current proposed site layout does not 
plan on encroach upon these areas. A comprehensive wetlands delineation will be completed upon 
selection of a site.  

 

 
Figure 8-1. Potential Wetland Delineation Map 
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8.2 Protected Species 
8.2.1 Federally Protected Species 
BC conducted a desktop reviewed the USFWS’s Information for Planning and Consultation (IPaC) tool 
in June 2022 to identify federally protected species that are known or expected to occur within the 
vicinity of the project.  

USFWS identified the northern long-eared bat (Myotis septentrionalis) (Threatened), the eastern 
black rail (Laterallus jamaicensis ssp. jamaicensis) (Threatened), the red-cockaded woodpecker 
(Picoides borealis) (Endangered), and Monarch butterfly (Danaus plexippus) (Candidate). Potential 
roosting and nesting sites may be found in the area and with tree-cutting potential being needed 
USFWS may require application for the tree removal. Figures 8-2 and 8-3 provide photographs of the 
species, courtesy of USFWS. 

 

 
Figure 8-2. Northern Long-eared Bat 

 

 
Figure 8-3. Eastern Black Rail (left) and Red-cockaded Woodpecker (right) 
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Figure 8-3. Monarch Butterfly 

 

8.2.2 State Protected Species 
Virginia Endangered Plant and Insect Species Act in the Code of Virginia mandated that the Virginia 
Department of Agriculture and Consumer Services conserve, protect and manage endangered and 
threatened plant and insect species. When the act was passed, it listed ginseng as threatened and 
Virginia round-leaf birch as endangered.  Additionally, a list of endangered and threatened plant and 
insect species since then can be found in VAC5-320-10 which comprises of 25 declared endangered 
species and 17 declared threatened species. These plants and insects will be investigated further in 
the detailed field evaluation. 

8.3 Invasive Species 
Invasive species are organisms that are not indigenous or native to an area that become 
overpopulated and adversely affect or harms the habitats or ecosystems they are introduced into. 
This includes nonindigenous or non-native flora, fauna, insects, and aquatic life. The Virginia 
Department of Conservation and Recreation’s (DCR) Division of Natural Heritage currently identifies 
90 invasive plant species that threaten or potentially threaten natural areas, parks, and other 
protected lands in Virginia.    

An invasive species assessment will be conducted in the next phase of the project. 

8.4 Historical and Cultural Resources 
BC performed a desktop review of the project sites and vicinity utilizing the Virginia Cultural Resource 
Information System (V-CRIS).  The proposed project site is not located in the vicinity of any historically 
significant properties identified via V-CRIS. Once the project site selection is finalized a full review of 
both the historical and cultural resources of the area will be review.  

8.5 Environmental Permits 
Permits for the proposed disturbed area may be required by federal, state, and local regulations and 
restrictions.  Since a full environmental study has not been done on a select site, still to be acquired, 
the full extent of the permits required is not yet determined. Permitting requirements will depend on 
the final design and the requirements of each permitting or compliance program. Permitting will be 
readdressed at each design phase.  
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8.6 Envision  
8.6.1 Overview 
Envision is a framework that “encourages systemic changes in the planning, design, and delivery of 
sustainable, resilient, and equitable civil infrastructure.” Envision was developed and is managed by 
the Institute for Sustainable Infrastructure (ISI) and the framework includes 64 sustainability and 
resilience indicators, also known as “credits,” organized around five categories: 

• Quality of Life 

• Leadership 

• Resource Allocation 

• Natural World 

• Climate and Resilience 

Envision is designed as a holistic sustainability rating system for all types and sizes of both public 
and private infrastructure. Envision was designed to help infrastructure stakeholders implement 
more sustainable projects. The framework provides a structure in which users can more easily 
measure progress and identify potential trade-offs amid this complex mix of objective, subjective, 
quantifiable, and qualitative criteria. The rating scale presented for each sustainability indicator 
helps users identify and align priorities against a common scale. The benefits of using envision can 
be long-tern viability, lower cost through management and stakeholder collaboration, reduce 
negative impacts on the community and the environment, potential to save owners money over time 
through efficiencies, and an increase in public confidence and involvement in decision making. Table 
8-1 shows the verification award levels. 

  
Table 8-1.  Verification Award Levels 

Award Level 
Percent of total 

applicable points  
Verified 20% 

Silver 30% 

Gold 40% 

Platinum 50% 

 

8.6.2 Scoring Results 
The HRSD and BC project team performed an Envision (version 3) workshop for this project on May 
23, 2022. The purpose of the workshop was to work through ISI’s “Envision Checklist (v3)”, which 
was available for download from their website. Prior to the workshop, the BC project team went 
through and completed the checklist with the goal of identifying how the project currently aligns with 
the Envision criteria. During the workshop BC worked with HRSD staff to explore how the criteria can 
improve the project to obtain an even higher level of achievement. 

As the design progress through the next phase BC will revisit the assessment and see if there are 
potential sustainable enhancements to the project that can be achieved. In addition, BC will look to 
see if any design changes have affected any of the credits already accounted for.  
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Table 8-2 summarizes the Envision score resulting from the completion of the checklist. As shown 
the total percentage achieved indicates that during this initial assessment the project would qualify 
for a Gold Award. Detailed scoring can be found in Appendix E.  Figure 8-4 indicates the current 
points verse the remaining points applicable to the project. 

 
Table 8-2.  Envision Credit Analysis 

Credit Category 
Applicable 

Credits 
Achievable 

Credits 
Percentage  

Quality of Life (QL) 156 79 51% 

Leadership (LD) 146 88 59% 

Resource Allocation (RA) 144 30 21% 
Natural World (NW) 210 64 30% 

Climate and Resilience (CR) 190 108 57% 
Total Points / % 848 369 44% 

 

 
Figure 8-4. Envision Current Score vs Possible Points 

 

8.6.3 Next Steps 
The completion of the Envision checklist yielded several additional investigations and action items. 
The following list summarizes the actions that should be considered in future project phases:  

QL 1.4: Minimize Noise and Vibration – These parameters will be discussed with stakeholders, 
considered in the design, and discussed as part of the pre-construction assessment  

QL 1.5: Minimize Light Pollution – Lighting considerations will be discussed with stakeholders and 
meet City of Suffolk requirements.  

QL 3.3: Enhance Views and Local Character – Tank and pressure reducing station aesthetics and 
buffer to be considered. Meet with Stakeholders and HRSD architectural review committee (ARC). 

LD 1.3: Provide for Stakeholder Input – Meet with stakeholders to allow for input and implement into 
design.  

RA 1.1: Support Sustainable Procurement Policies – Review HRSD’s consideration of sustainable 
procurement policies  
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RA 2.3: Use Renewable Energy – Review HRSD’s purchase of “Green Power” program covers energy 
purchase reduction goals utility-wide  

NW 2.3: Reduce Pesticide and Fertilizer Impacts – Confirm HRSD’s pesticide and fertilizer purchase 
and application policies  

CR 1.2: Reduce Greenhouse Gas Emissions – Review HRSD’s purchase of “Green Power” program 
covers greenhouse gas reduction goals utility-wide  

CR 2.3: Evaluate Risk and Resilience – Conduct a threat/hazard/risk assessment and review with 
stakeholders 
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Section 9 

Contractor Procurement  
During scoping of this project, it was unclear which approach HRSD would be pursuing to construct 
the Wilroy PRS and OLSF. Since that time, HRSD has chosen to move forward with Construction 
Management At Risk (CMAR). This approach is a construction management delivery process where a 
construction manager is committed to a schedule and price, either a fixed lump sum or a guaranteed 
maximum price (GMP) based on design milestones. The CMAR initially serves as an advisor to the 
owner providing preconstruction services such as design and constructability reviews as well as 
budget schedule and cost monitoring. There are multiple benefits that CMAR can provide to this 
project which include:  

• Method can be utilized to better control project schedule, an important feature because 
adjacent capital projects have been designed to assume that the tank and PRS are in service 

• Allows for the contractor input during the design, which will be beneficial for the complex and 
impactful construction on a potentially small site, restricted by wetlands and utilities 

• Facilitate a single responsible construction entity to carefully manage the diverse and 
numerous subcontractors required to perform the work, to remain adaptable to changes in 
construction activities by external entities, both on-site and off-site, and to coordinate design 
changes resulting from neighboring projects 

• Allows for the early and best value selection of subcontractors and equipment and to identify 
risks early related to limited resources 

• Allow the contractor to consider the cost saving alternatives during the design and to provide 
a guaranteed maximum price during the final design stage.  

HRSD staff have received approval from the HRSD Commission to proceed with CMAR and will select 
a construction manager prior to the next design phase of the project.  
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Section 10 

Project Cost 
A Class 4 cost opinion was developed in accordance with American Association for the Advancement 
of Cost Estimating (AACE). A Class 4 estimate is defined as a Planning Level or Design Technical 
Feasibility Estimate. Typically, engineering is from 1 to 15 percent complete. Class 4 estimates are 
used to prepare planning level cost scopes or to evaluate alternatives in design conditions and form 
the base work for the Class 3 Project Budget or Funding Estimate. 

Expected accuracy for Class 4 estimates typically range from -30 to +50 percent, depending on the 
technological complexity of the project, appropriate reference information and the inclusion of an 
appropriate contingency determination. In unusual circumstances, ranges could exceed those 
shown. 

This estimate was prepared using quantity take-offs, vendor quotes and equipment pricing furnished 
either by the project team or by the estimator. The estimate includes direct labor costs and 
anticipated productivity adjustments to labor and equipment. Where possible, estimates for work 
anticipated to be performed by specialty subcontractors have been identified.  

Construction labor crew and equipment hours were calculated from production rates contained in 
documents and electronic databases published by R.S. Means, Mechanical Contractors Association 
(MCA), National Electrical Contractors Association (NECA), and Rental Rate Blue Book for 
Construction Equipment (Blue Book).   

This estimate was prepared using BC’s estimating system, which consists of Sage Construction and 
Real Estate 300 estimating software engine (formerly Timberline) using RS Means database, 
historical project data, the latest vendor and material cost information, and other costs specific to 
the project location. 

Electrical estimates are performed using ConEst Intellibid electrical estimating software with 
database provided by Trade Services. The final number from the electrical estimate will be included 
in the Sage estimate, usually as an “electrical subcontract” number.  HRSD will be provided the 
detailed electrical estimate along with the Sage estimate in their deliverable.  

10.1 Estimated Project Costs 
Based on the typical accuracy of a Class 4 estimate, the expected range of costs that includes all 
construction costs, CMAR fee, contingency, mid-project escalation, and BC’s construction services 
fee is: 

Table 10-1.  Opinion of Probable Costs 

Upper Range Estimated Cost Lower Range 
+50%   -30% 

$72,598,551 $48,399,034 $33,879,324 

 
These costs will be refined through final design and in consultation with the selected CMAR. A full 
detail Detailed Estimate can be found in Append H. 
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Contractor markup is based on conventionally accepted values which have been adjusted for project-
area economic factors. Estimate markups are shown in Table 10-2. 
 

Table 10-2.  Estimate Markups 

Item Rate (%) 
Net Cost Markups % 

Labor markup 15 

Materials and process equipment 10 

Equipment (construction-related) 10 

2022 Diesel Fuel Adjustment 6 

Subcontractor 10 

Other – Process Equipment  8 

Material Shipping and Handling 2 

Gross Cost Markups  

Contractor General Conditions 15 

Start-up, Training and O&M 2 

Unknown Construction Contingency 20 

Unknown Market Conditions 10 

Builders Risk, Liability and Auto Insurance 2 

Performance and Payment Bonds 1.5 

CMAR Fee 10 

Escalation to Midpoint of Construction 15.66 

BC CA/CI Fee 10 
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Section 11 

Project Management 
11.1 Project Schedule 
Critical items from the preliminary project schedule are as follows:  
• The design scope and fee will be prepared and reviewed by HRSD to be presented at HRSD 

November 2022 Commission Meeting 
• Selection of the CMAR by December 2022 to coincide with 50% design initiation 
• Full design services shall be performed with a targeted design completion by September 2023  
• Property acquisition represents a critical path item in order to get zoning class rezoned. 

Rezoning and conditional use permit process can take 6-12 months 
• The process of submitting applications for site plan review and any environmental permitting 

agencies shall begin immediately following the 90% design review workshop 

The design is anticipated to be completed by September 2023. The schedule includes 560 days to 
construct the project and provides flexibility on sequencing of the various project elements. Table 11-
1 provides a summary of the project schedule and the full detailed schedule is provided in Appendix 
D. 

Table 11-1. Project Schedule 
Task Completion date 

Final PER Sept 2022 

CMAR Selection Dec 2022 

Final Design Sept 2023 
Construction Start Dec 2023 

Substantial Completion Sept 2025 
Project Completion Dec 2025 

11.2 Risk Register   
A risk register was developed for this project to identify key areas of potential risk for the overall 
project. A detailed project risk register is included in Appendix E. As the project progress through 
design the risk register will be updated to include new risk identified as well as new mitigation 
measures that have been developed.  

11.3  Funding 
HRSD has indicated that it plans to fund the Wilroy PRS and OLSF project with the Virginia Clean 
Water Revolving Loan Fund (VCWRLF). Virginia DEQ, on behalf of the State Water Control Board 
(SWCB), manages the VCWRLF, administers the policy aspects of the program, receives applications, 
develops funding recommendations, and provides assistance and oversight for funded projects.  The 
Virginia Resources Authority (VRA) serves as the financial manager of the VCWRLF. This fund is a 
self-perpetuating fund that provides low interest financing to Virginia local governments and 
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wastewater authorities to assist with improvements to wastewater treatment plants and/or 
collection systems. 

With HRSD’s desire to potentially use VCWRLF to fund this project, BC conducted a review the 
requirements put into place by the VCWRLF to receive funds. DEQ has released procedural 
guidelines for VCWRLF that provides an overview of the activities involved in the planning, design, 
and construction of a VCWRLF project including program requirements and recommendations for the 
successful completion of a project. In addition, the Wastewater Loan Program Design Manual 
provides a brief summary of the program requirements as they relate to the loan recipients so that 
they are fully aware of them and can act accordingly. A brief overview of those requirement and 
recommendations can be found below.  

Applicable laws and regulations: 
• Virginia Public Procurement Act 
• Uniform Financial Report Manual, issued by the Virginia Auditor of Public Accounts pursuant to 

Section 15.1-66, Code of Virginia (1950) Section 15.1-66, Code of Virginia (1950), 
• Office of Management and Budget Circular A-87 and A-102. 
• Single Audit Act (SAA) 
• Davis Bacon Act 
• Minority Business Enterprise/Women's Business Enterprise (MBE/WBE) goals 
• American Iron and Steel Act 
• The Build America, Buy America Act (BABAA) (for new loans) 
• Sewage Collection and Treatment (SCAT) regulations 

Financial management/control system:  

All recipients receiving funds must maintain a financial management/control system for complete 
accountability of loan monies. It is BC understanding that HRSD’s use of the Unifier program for the 
project would meet these requirements for a management and control system. An accountability 
system requires: 
• the overall ability to track and control loan activities  
• a sound accounting system  
• good internal controls  
• compliance with all applicable guidelines  
• proper procurement procedures 
Planning and Design: 
Development of a Preliminary Engineering Proposal (PEP) or planning document is required to be 
completed for the VCWRLF. The PEP is to include an environmental review (similar to National 
Environmental Policy Act [NEPA] reviews), cost-effectiveness analysis, and water and energy 
conservation analysis. The Environmental Assessment, including a project description and site 
location map, must also be forwarded to all necessary review agencies for review and comment. The 
agencies must be given 30 days for review and comment. The recipient must retain copies of the 
transmittal letters as well as all review comments received. 
Upon completion of design, the plans and specifications must be submitted to the Clean Water 
Financing and Assistance Program (CWFAP) for review, comment, and final approval. The CWFAP 
review will focus primarily on the bidding requirements and contract documents, and their 
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conformance with program requirements. Otherwise, processing of the plans and specifications will 
proceed as outlined in the SCAT regulations. 
Plans and Specifications include: 

• Compliance with Equal Employment Opportunity  
• Certification on Non-Segregational Facilities  
• Compliance with Minority and Women's Business Enterprise Goals (MBE/WBE)  
• Compliance with the Civil Rights Act of 1964  
• Compliance with Age Discrimination Act of 1975, Rehabilitation Act of 1973, and the 

prohibition against sex discrimination  
• Compliance with Section 306 of the Clean Air Act and Section 508 of the Clean Water Act  
• Procurement of goods and materials from Small Businesses in Rural Areas of the 

Commonwealth of Virginia wherever practical and feasible 
• Provides that a contractor or subcontractor maintain a drug-free workplace during the 

performance of contract duties for any wastewater revolving loan-assisted project 
• The contractor must demonstrate a "good faith effort" in the solicitation and utilization of 

Minority and Women's Business Enterprises (MBE/WBE) 
• Sewer Use Ordinance - The loan recipient must have an adopted, DEQ-approved, Sewer Use 

Ordinance in place 

Construction 

During the construction phase, the CWFAP will maintain off-site construction monitoring and conduct 
periodic on-site evaluations of construction activities. The purposes of the state oversight program 
are as follows:  
• To provide assistance to loan recipients in all aspects of loan and construction management in 

order to enhance management effectiveness and efficiency so the project is successfully 
completed.  

• To assess the project's compliance with applicable federal and state requirements and loan 
conditions.  

• To ensure that loan recipients maintain appropriate financial and records management systems.  
• To ensure that the project is constructed in substantial accordance with approved plans, 

specifications, and change orders.  
• To verify that payments are being made for work-in-place and to enhance the processing of 

disbursement requests.  
The oversight program includes continuous off-site monitoring, interim project evaluations, a final 
project evaluation, and a final financial evaluation.  
CWFAP will conduct off-site monitoring through the review of evaluation reports, change orders, 
correspondence and review and approval of disbursement requests. Copies of these documents 
should be provided to CWFAP, as appropriate, for this purpose. 

During construction, the loan recipient must provide for full time project inspection unless otherwise 
approved by the CWFAP. Inspections will keep loan recipient aware of construction progress, quality, 
and conformance with plans and specifications. Loan recipient inspections should be documented 
with construction progress reports that can be reviewed by CWFAP during on-site monitoring. The 
loan recipient should also provide CWFAP with the MBE/WBE Utilization report on a quarterly basis.  
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11.3.1.1 Build America, Buy America Act (BABAA) 

At this time, BC is working with HRSD and DEQ to determine if the Build America, Buy America Act 
(BABAA) will apply to the VCWRLF monies that will be distributed for this project.  

On November 15, 2021, Bipartisan Infrastructure Law (Infrastructure Investment and Jobs Act) (Pub. 
L. No. 117-58), which includes BABAA (Pub. L. No. 117-58, §§ 70901-52) was signed into law by 
President Joe Biden. The Build America, Buy America Act (BABAA) requires that none of the funds 
made available for federal assistance programs similar to the Water Infrastructure Finance and 
Innovation Act (WIFIA) funding or State Revolving Fund (SRF) loans, are allocated to projects unless 
all of the iron, steel, manufactured products, and construction materials used in the infrastructure 
projects are produced in the United States. Federal assistance means assistance that non-federal 
entities receive or administer in the form of grants, cooperative agreements, non-cash contributions 
or donations or property, direct assistance, loans, loan guarantees, and other types of financial 
assistance. The BABAA requirements went into effect on May 14, 2022. 

BABAA strengthens the previous American Iron & Steel (AIS) Act requirements and significantly 
increases the products and materials required to be produced in the United States. The Act includes 
the following requirements:  
• All iron and steel used in the project are produced in the United States. This means the 

manufacturing processes, from the initial melting state through the application of coatings, 
occurred in the United States. 

• All manufactured products used in the project are produced in the United States, and the cost of 
the components of the manufactured product that are mined, produced, or manufactured in the 
United States is greater than 55 percent of the total cost of all components of the manufactured 
product. 

• All construction materials are manufactured in the United States. The Office of Management and 
Budget (“OMB”) has released preliminary guidance on what constitutes “Construction Materials” 
which includes all manufacturing processes for the construction material occurred in the United 
States. Currently, all construction material is classified as including an article, material, or supply 
other than an item of primarily iron or steel, a manufactured product, cement and cementitious 
materials, aggregates such as stone, sand, or gravel, or aggregate binding agents or additives 
that are or consist primarily of: 
o Non-ferrous metals 
o Plastic and polymer-based products (including polyvinylchloride, composite building 

materials, and polymers used in fiber optic cables) 
o Glass (including optic glass) 
o Lumber 
o Drywall 
 

The BABAA requirements have the potential to impact the projects in the following ways:  
• Certain manufacturers may no longer be a viable option. 
• Available manufacturers that can meet BABAA may be lesser quality when compared to BC and 

HRSD standard manufacturers.  
• Available manufacturers may not agree to meet specifications requirements and due to 

availability; HRSD may be forced to waive requirements that increase end product quality or 
increase Operations and Maintenance costs/burdens.  
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• Overall project construction costs may increase and strain budgets.  
• Supply chain issues and lead times may increase impacting construction schedules. 

EPA has posted a draft waiver specifically for SRF funded projects. Based on the waiver, all projects 
previously submitted to an applicable state agency prior to May 14, 2022, would be waived from the 
manufactured products and construction material requirements of BABAA. However, they would still 
be required to meet BABAA requirements for United States produced Iron and Steel, which is more 
stringent than the previous AIS Act. The public comment period for this waiver ended on June 29, 
2022. Waivers typically take 4 to 6 weeks to post if approved. 

BC will continue to coordinate with HRSD and follow the regulations as they are clarified. 

11.4  Nearby construction projects   
BC has learned about three nearby projects that will be ongoing during the design and construction 
of the Wilroy PRS and OLSF. These projects consist of a City of Chesapeake raw water main, City of 
Suffolk Wilroy Road/Nansemond Parkway roadway overpass, and a TC Energy large diameter gas 
main. 

Nansemond Parkway/Wilroy Road overpass project 

The purpose of this project is to provide a grade separated crossing of the existing railroad and to 
address safety, geometrics and capacity issues at the intersection of Nansemond Parkway and 
Wilroy Road in the City of Suffolk. The proposed improvements include providing a flyover of the 
existing railroad and to realign Wilroy Road from just north of Bridlewood Lane to approximately 
2200 feet south of the existing Wilroy Road/Nansemond Parkway Intersection. Work includes 200-
foot bridge structure, a sidewalk, multi-use path, drainage improvements, stormwater management 
facilities, and signalization. 

Current Construction Schedule: October 2022 – October 2024 

• Real estate acquisition delays will likely significantly impact this however 

Potential concerns:  
• Traffic congestion to the north of the project while project is being completed 
• Additional concerns/complaints of construction from neighborhoods in vicinity of the project.  

 
 Figure 11-1. Nansemond Parkway/Wilroy Rd Overpass Project alignment 

N 
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Red Top to Lake Gaston Water Treatment Plant 36” Raw Water Transmission Main Section D 

The purpose of this project is to provide an additional raw water transmission main for the City of 
Chesapeake to their Lake Gaston Water Treatment Plant (WTP). This project is located near the 
intersection of Wilroy Road and QVC Drive. The new transition will run through Candidate Site 23, 
one of the potential site selections for the PRS and OLSF, west to east where it then crosses Wilroy 
Road and turns and continues to the south following the railroad tracks.     

Current Construction Schedule: Fall 2022- Fall 2023, Design phase complete 

• This will likely place the Wilroy PRS project construction directly after the water main project 

 Potential concerns:  
• Additional construction traffic in vicinity of our project.  
• Project may need to wait until the water main is in if we were to select that property for 

construction of the PRS and OLSF 

 
Figure 11-2. City of Chesapeake 36” Raw Water Transmission Main Alignment  

 

TC Energy 24” Natural Gas Pipeline 

The purpose of this project is to install a major natural gas transmission main to help serve the 
Hampton Roads area. The project is located near the intersection of Wilroy Rd and QVC Drive and 
would also likely cross through Candidate Site 23.  

Current Construction Schedule: Fall 2023-Fall 25 

Potential concerns:  
• Additional construction traffic in vicinity of our project.  
• Coordination required for tie-in to the HRSD Windsor Line (SF-214) 
• If we were to select the Chesapeake property for construction of the PRS and OLSF additional 

coordination would be needed. 



Wilroy PRS and OLSF PER Section 11 

 

 
11-7 

Use of contents on this sheet is subject to the limitations specified at the end of this document. 
Wilroy PRS and OLSF PER 

 
Figure 11-3. TC Energy 24” Natural Gas Transmission Main Alignment  

 

11.5 Community Outreach 
Though our initial interactions with the City of Suffolk, BC has been able to identify multiple 
stakeholders that are likely to be impacted by the project. These include neighborhoods, local 
businesses and multiple municipalities. Preliminary coordination has occurred with the City of Suffolk 
in the development of this PER to understand how this community may influence the design of the 
project.  Additional coordination with these stakeholders will be required throughout design and 
construction. 

11.5.1  Neighborhoods and Local Business 

11.5.1.1 Neighborhoods 

BC has investigated Civic Leagues and neighboring Homeowner Associations in the area that would 
likely be impacted by the project. To date BC has had limited success identifying any Civil Leagues or 
Homeowner Associations near the project site. BC has identified the Bridlewood Estates, equestrian 
neighborhood, which is located roughly two miles north of the project sites. The Estates have 
expressed their concerns with the Nansemond Parkway/Wilroy Rd Overpass project that is under 
design by the City of Suffolk. While this project is located a few miles away the community could be a 
key stakeholder.    

11.5.1.2 Local Business 

At this time BC has identified a few key stakeholders that are in very close proximity to the three 
preliminary site selections.  

The preliminary sites selections are all in close proximity to The Children’s Center, a nonprofit agency 
that provides children ages birth to five with early childhood education serves. Similarly, Evans 
Farms, a family owned and run local produce farm open to the public, is also located near all three 
sites. These businesses would be key stakeholders. After a final site has been selected and we move 
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through the project design, BC will coordinate with HRSD staff to contact these stakeholders and 
discuss the project.  

BC has identified the following business as other potential stakeholders 
• Magnolia United Methodist Church 
• Seger Electric Company 
• QVC Distribution center  
• Ryan Construction  
• Solenis 
• Other business along Progress Road within the business park. 

11.5.2  Municipalities Departments 
BC has identified several departments with the City of Suffolk (and a few other municipalities) that 
may be key stakeholders. These municipalities departments are the following: 
• City of Suffolk Public Utilities 
• City of Suffolk Public Works 
• City of Suffolk Economic Development Authority 
• City of Suffolk Planning & Community Development 
• City of Portsmouth Public Utilities 
• City of Chesapeake Public Utilities 

Preliminary discussions have been conducted with Suffolk Public Utilities making them aware of the 
project. Suffolk has existing utilities that run along Wilroy Road and the project will also require a 
potable water connection. 

Preliminary discussions have been conducted with the Public Works making them aware of the 
project. Suffolk Public Works is stakeholder for this project since the proposed project improvements 
will impact the roads and stormwater system. 

Preliminary discussions with the Economic Development Authority and Planning & Community 
Development were held in May 2022 during the City’s “Friday morning meeting.” The conversation 
focused on comments and concerns with the PRS and OLSF site selection. It was noted during that 
meeting that the Department of Planning will require a submittal for site plan review. The application 
submission for review can be completed online and should be planned to be submitted right after 
the 90% design review workshop.   

Preliminary discussions have been conducted with the City of Chesapeake Public Utilities making 
them aware of the project. Multiple items have already been discussed such as the potential for 
HRSD to purchase the land that Public Utilities owns (to install their new 36” raw water transmission 
main). BC also began discussing coordination for the construction phase of both projects. 

City of Portsmouth Public Utilities department has be identified a potential stakeholder due to an 
existing 30” water transmission main that runs along Wilroy Road. Once a survey is complete and the 
location of the water main is understood, BC will coordinate with the City of Portsmouth on the 
proposed work.  
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Section 12 

Anticipated Specification Sections 
The following section provides a list of specifications anticipated for the final design of the Wilroy 
PRS and OLSF. These are currently shown in Div 17 format, however may be changed to Div 50 for 
final design. 

 
DIVISION ONE – GENERAL REQUIREMENTS 
 
01010 Summary of Work 
01040 Coordination 
01051 Construction Sequence 
01060 Special Conditions 
01270 Measurement and Payment 
01310 Construction Progress Schedules 
01323 Record Documents 
01340 Submittals 
01400 Quality Control 
01520 Maintenance of Pipeline and Pumping Operations 
01560 Environmental Protection and Special Controls 
01570 Traffic Control 
01600 Material and Equipment 
01650 Facility and Systems Start-up 
01730 Operating and Maintenance Information 
01750 Spare Parts 
01999 Nonbuilding Structures Reference Forms 
 
DIVISION TWO – SITEWORK 
 
02050 Demolition 
02082 Manholes and Structures 
02100 Site Clearing 
02140 Dewatering 
02161 Shoring 
02200 Earthwork 
02270 Erosion and Sedimentation Controls 
02324 Trenching, Backfilling and Compaction 
02500 Asphalt Paving 
02510 Ductile Iron Pipe 
02520 Polyvinyl Chloride Pipe 
02525 Site Concrete 
02531 Line Stops on Sanitary Sewer Force Main Systems 
02610 Valves 
02611 Mechanical Couplings 
02630 Storm Drainage 
02700 Sewerage and Drainage 
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02763 Painted Pavement Markings 
02901 Miscellaneous Work and Cleanup 
02933 Soil Preparation, Plantings and Site Restoration 
 
DIVISION THREE – CONCRETE 
 
03100 Concrete Formwork 
03130 Maintenance of Cast-In-Place Concrete 
03200 Concrete Reinforcement 
03230 AWWA D110 Type II Prestressed Tank 
03250 Concrete Accessories 
03300 Cast-In-Place Concrete 
03481 Precast Concrete Vaults 
03600 Grouting 
 
DIVISION FOUR – MASONRY 
 
04200 Unit Masonry  
 
DIVISION FIVE – METALS 
 
05100 Structural Metals 
05121 Architecturally Exposed Structural Steel Framing 
05210 Open Web Steel Joists 
05311 Steel Roof Decking 
05501 Anchor Bolts 
05505 Miscellaneous Metalwork 
05510 Metal Stairs 
05521 Aluminum Railings 
05523 Metal Fastenings 
05531 Metal Grating and Stair Treads 
 
DIVISION SIX – WOOD AND PLASTICS 
 
06100 Rough Carpentry 
06711 Fiberglass Reinforced Products and Fabrications 
06741 Fiberglass Reinforced Gratings 
 
DIVISION SEVEN – THERMAL AND MOISTURE PROTECTION 
 
07160 Reactive Waterproofing 
07210 Thermal Insulation 
07250 Weather Barriers 
07260 Vapor Retarders 
07411 Formed Metal Roof Panels 
07413 Insulated Metal Wall Panels 
07542 Thermoplastic-Polyolefin Roofing 
07620 Sheet Metal Flashing and Trim 
07710 Roof Specialties 
07841 Penetration Firestopping Systems 
07844 Joint Firestopping 
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07900 Joint Sealants and Expansion Joint Systems 
07905 Joint Fillers 
  
DIVISION EIGHT – DOORS AND WINDOWS 
 
08110 Metal Doors and Frames 
08332 Overhead Coiling Doors 
08710 Door Hardware 
08800 Glazing 
 
DIVISION NINE – FINISHES 
 
09211 Gypsum Board 
09900 Painting and Coatings 
 
DIVISION TEN – SPECIALTIES 
 
10200 Louvers and Vents 
10520 Fire Extinguishers 
 
DIVISION ELEVEN – EQUIPMENT 
 
11000 General Requirements for Equipment 
11002 Rigid Equipment Mounts 
11005 Machine Alignment 
11020 Vibration and Critical Speed Limitations 
11060 Common Motor Requirements for Equipment 
11062 Medium-Voltage Electric Motors 
11069 Adjustable Variable Frequency Drives 
11070 Medium-Voltage Reduced Voltage Motor Controllers 
11346 Submersible Sump Pumps 
11347 Submersible Wastewater Pumps for Variable Speed Dry Pit Installation 
 
  
DIVISION TWELVE – FURNISHINGS 
 
12211 Horizontal Louver Blinds 
 
DIVISION THIRTEEN -- SPECIAL CONSTRUCTION 
 
13010 Tank Flushing Systems 
13579 Odor Control System 
 
DIVISION FOURTEEN – CONVEYING SYSTEMS 
 
14630 Bridge Cranes and Hoists 
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DIVISION FIFTEEN – MECHANICAL 
 
15050 Piping Systems 
15051 Piping System Schedules 
15052 Piping System Schedule, Potable Water 
15053 Common Work Results for HVAC 
15053 Piping System Schedule, Pressurized Wastewater and Drainage 
15055 Piping System Schedule, Building Drainage 
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Section 13 

Limitations 
This document was prepared solely for HRSD in accordance with professional standards at the time 
the services were performed and in accordance with the contract between HRSD and Brown and 
Caldwell dated December 21, 2021. This document is governed by the specific scope of work 
authorized by HRSD; it is not intended to be relied upon by any other party except for regulatory 
authorities contemplated by the scope of work. We have relied on information or instructions 
provided by HRSD and other parties and, unless otherwise expressly indicated, have made no 
independent investigation as to the validity, completeness, or accuracy of such information.  

Further, Brown and Caldwell makes no warranties, express or implied, with respect to this document, 
except for those, if any, contained in the agreement pursuant to which the document was prepared. 
All data, drawings, documents, or information contained this report have been prepared exclusively 
for the person or entity to whom it was addressed and may not be relied upon by any other person or 
entity without the prior written consent of Brown and Caldwell unless otherwise provided by the 
Agreement pursuant to which these services were provided. 
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GEOTECHNICAL DATA REPORT 

HRSD Wilroy Road Sites Preliminary Exploration 
1941-1949 Wilroy Road 
Suffolk, Virginia 

Schnabel Reference 22330066.000 
July 15, 2022 



July 15, 2022 

Mr. Christopher Wilson, PE  
Brown and Caldwell 
301 Bendix Road, Suite 400 
Virginia Beach, VA 23452 

Subject: Project 22330066.000, Geotechnical Data Report, HRSD Wilroy Road Sites 
Preliminary Exploration, 1941-1949 Wilroy Road, Suffolk, Virginia  

Dear Mr. Wilson: 

SCHNABEL ENGINEERING, LLC (Schnabel) is pleased to submit our geotechnical data report for this 
project.  This study was performed in accordance with our proposal dated July 7, 2022, as authorized by 
you.  The overall project is to provide preliminary subsurface data at two adjacent sites.  One site consists 
of  the lots at 1941 and 1949 Wilroy Road and the other site consists of  the lot at 1925 Wilroy Road.  This 
report specially addresses the site at 1941 and 1949 Wilroy Road. 

SITE AND PROJECT DESCRIPTION 

The project site is located at 1941-1949 Wilroy Road in Suf folk, Virginia. This site consists of  two adjacent 
parcels, with a total of  approximately 5.4 acres of  land.  The site has several small structures but 
generally consists woods and some grassy areas.  The site is bound by Executive Court to the northeast, 
Wilroy Road to the southeast, 1925 Wilroy Road to the south, and wetlands to the northwest.  Site grades 
are generally f lat at about EL 20.  

We understand HRSD may develop the property to construct a Pressure Reducing Station and Tank. 
Specif ic details regarding the size and structural loading of  the proposed development were not available 
at this time.   

We obtained the project and site information f rom our site reconnaissance, review of  aerial photography, 
Suf folk County GIS Data, and communication with you. 

SUBSURFACE EXPLORATION AND TESTING PROGRAM 

We performed a subsurface exploration and f ield testing program to identify the subsurface stratigraphy 
underlying the site.  This program included one test boring.  Exploration methods used are discussed 
below.  The appendices contain the results of  our exploration. 
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Test Borings 

Our subcontractor, Fishburne Drilling, Inc., drilled one test boring under our observation on July 12, 2022.  
The Standard Penetration Test (SPT) was performed at selected depths in the boring.  Appendix A 
includes specif ic observations, remarks, and log for the boring; classif ication criteria; drilling methods; and 
sampling protocols.  Figure 2, included at the end of  this report, indicates the approximate test boring 
location.  We will retain soil samples up to 45 days beyond the issuance of  this report, unless you request 
other disposition.   

The SPT samples were obtained using a hydraulically driven automatic trip hammer (ATH).  Most 
correlations with SPT data are based on N-values collected with a safety hammer.  The energy applied to 
the split-spoon sampler using the ATH is about 33 percent greater than that applied using the safety 
hammer, resulting in lower N-values.  The hammer blows shown on the boring log are uncorrected for the 
higher energy.  However, we correct SPT N values for the higher energy when using N values in our 
analyses.  

Soil Laboratory Testing 

Our laboratory performed tests on selected samples collected during the subsurface exploration.  The 
testing aided in the classif ication of materials encountered in the subsurface exploration and provided 
data for this report.  The results of  the laboratory tests are included in Appendix B and are summarized 
for each stratum in the Site Geology and Subsurface Conditions section of  this report.  Selected test 
results are also shown on the boring logs in Appendix A.   

SITE GEOLOGY AND SUBSURFACE CONDITIONS 

Site Geology 

The project site is located within the Coastal Plain Province of  Virginia.  We reviewed existing geologic 
data and information in our f iles, and the Geologic Map and Generalized Cross Sections of the Coastal 
Plain and Adjacent Parts of the Piedmont, Virginia (VA DMME, 1989).  Based on this review, the project 
site is underlain by Pleistocene Age alluvial soils of  the Tabb Formation and the Miocene Age marine 
soils of  the Yorktown Formation.  The Tabb Formation is composed of f luvial and estuarine sand, clay, 
organic soil and peat.  The underlying Yorktown Formation is composed of marine sand and clay.  The 
soils of  the Yorktown Formation are preconsolidated and exhibit relatively high strength.  

Generalized Subsurface Stratigraphy 

We characterized the following generalized subsurface stratigraphy based on the exploration and 
laboratory test data included in the appendices. 

Topsoil: 

The boring encountered 4 inches of  topsoil at the ground surface overlying the onsite soils. 

Stratum A: Tabb Formation 

Below the topsoil, the boring encountered Tabb Formation soils to a depth of  12 f t.  The soils generally 
consist of  sandy lean clay, clayey sand, and silty sand (CL, SC, SM) with varying amounts of  shell 
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f ragments.  The f ine-grained Tabb Formation soils are designated as Stratum A1 on the boring log.  The 
coarse-grained Tabb Formation soils are designated as Stratum A2 on the boring log.  Based on the 
Standard Penetration Testing (SPT) performed, the f ine-grained soils are sof t to stiff, with N-values 
ranging f rom 4 to 12 blows per foot (bpf).  The coarse-grained soils are very loose to medium dense, with 
N-values ranging f rom Weight of  Hammer (WOH) to 10 bpf .   

Index testing performed on a sample of  Stratum A indicated a liquid limit of  26 and a plasticity index of  11.  
The natural moisture contents of  samples f rom this stratum varied f rom about 17 to 39 percent. 

Stratum B: Yorktown Formation 

Below the Tabb Formation soils of  Stratum A, the boring encountered Yorktown Formation soils to a 
depth of  40 f t, the maximum depth of  exploration.  The soils generally consist of  lean clay with sand, 
clayey sand, and silty sand (CL, SC, SM) with varying amounts of  shell f ragments and mica.  The f ine-
grained Yorktown Formation soils are designated as Stratum B1 on the boring log.  The coarse-grained 
Yorktown Formation soils are designated as Stratum B2 on the boring log.  Based on the Standard 
Penetration Testing (SPT) performed, the f ine-grained soils are f irm, with N-values ranging f rom 4 to 5 
bpf .  The coarse-grained soils are loose, with N-values ranging f rom 4 to 6 bpf .   

Groundwater 

We observed groundwater in the boring at a depth of  6 f t, about EL 14.  The test boring log in Appendix A 
include groundwater observations obtained during our subsurface exploration.  We did not obtain long-
term water level readings since we backf illed the test borings upon completion for safety.   

The groundwater levels on the logs indicate our estimate of  the hydrostatic water table at the time of  our 
subsurface exploration.  The f inal design should anticipate the f luctuation of  the hydrostatic water table 
depending on variations in precipitation, surface runof f , pumping, tidal action, evaporation, leaking 
utilities, stream levels, and similar factors.   

RECOMMENDATIONS FOR FINAL GEOTECHNICAL STUDY 

A f inal geotechnical engineering study should be performed for this site during the design phase.  This 
study should include test borings within the proposed pavement areas, structure footprints, and 
stormwater management basins, as applicable.  Additionally, soil laboratory testing to evaluate the 
shrink/swell potential, compaction criteria, strengths, and compressibility of the site soils should be 
performed.   

LIMITATIONS 

We based the preliminary observations submitted in this report on the information revealed by our 
exploration.  We attempted to provide for normal contingencies, but the possibility remains that 
unexpected conditions may be encountered.  A f inal geotechnical study should be performed for this site 
for the design phase. 

This report has been prepared to aid in the evaluation of  this site and to assist in the design of  the project.  
It is intended for use concerning this specif ic project.  
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We have endeavored to complete the services identif ied herein in a manner consistent with that level of  
care and skill ordinarily exercised by members of  the profession currently practicing in the same locality 
and under similar conditions as this project.  No other representation, express or implied, is included or 
intended, and no warranty or guarantee is included or intended in this report, or other instrument of  
service. 

We appreciate the opportunity to be of  service for this project.  Please call us if  you have any questions 
regarding this report.   

Sincerely,  

SCHNABEL ENGINEERING, LLC 

Jonathan T. Baugh, GIT, EIT 
Senior Staf f  Geologist 

Paul T. Johnston, PE 
Associate 

EPW:JTB:PTJ:rl 

Figures  
Appendix A: Subsurface Exploration Data 
Appendix B: Soil Laboratory Test Data 
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FIGURES 

Figure 1:  Site Vicinity Map 
Figure 2:  Boring Location Plan 
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APPENDIX A 

SUBSURFACE EXPLORATION DATA 

Subsurface Exploration Procedures 
General Notes for Subsurface Exploration Logs 
Identif ication of  Soil  
Boring Log, B-01 (North) 
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SUBSURFACE EXPLORATION PROCEDURES 

Test Borings – Mud Rotary 

Drillers advanced the boring using mud rotary drilling techniques.  The boring is advanced with a drill 
string consisting of  a 2 15/16-inch diameter tri-cone roller bit attached to A-sized drilled rods.  Bentonite 
drilling f luid is pumped through the drill rods to f lush cuttings to the surface.  The borehole remains full of  
drilling f luid to maintain the sides of  the borehole.  At the designated depth, the drillers removed the drill 
string and performed the Standard Penetration Test (SPT).  Water level data is indicated on the log. 

Standard Penetration Test Results 

The numbers in the Sampling Data column of  the boring log represent Standard Penetration Test (SPT) 
results.  Each number represents the blows needed to drive a 2-inch O.D., 1⅜-inch I.D.  split-spoon 
sampler 6 inches, using a 140-pound hammer falling 30 inches.  The sampler is typically driven a total of  
18 or 24 inches.  The f irst 6 inches are considered a seating interval.  The total of  the number of  blows for 
the second and third 6-inch intervals is the SPT “N value.”  The SPT is performed according to ASTM 
D1586. 

The SPT samples were obtained using a hydraulically driven automatic trip hammer (ATH).  Most 
correlations with SPT data are based on N-values collected with a safety hammer.  The energy applied to 
the split-spoon sampler using the ATH is about 33 percent greater than that applied using the safety 
hammer, resulting in lower N-values.  The hammer blows shown on the boring logs are uncorrected for 
the higher energy.  However, we correct SPT N values for the higher energy when using N values in our 
analyses.  

Soil Classification Criteria 

The group symbols on the logs represent the Unif ied Soil Classif ication System Group Symbols (ASTM 
D2487) based on visual observation and limited laboratory testing of  the samples.  Criteria for visual 
identif ication of  soil samples are included in this appendix.  Some variation can be expected between 
samples visually classif ied and samples classif ied in the laboratory. 

Pocket Penetrometer Results 

The values following “PP=” in the sampling data column of  the log represent pocket penetrometer 
readings.  Pocket penetrometer readings provide an estimate of  the unconf ined compressive strength of  
f ine-grained soils. 

Boring Locations and Elevations 

The boring location was located using sub-meter GPS equipment. The approximate boring location is 
shown on Figure 2.  The ground surface elevation at the boring location was obtained f rom the Suf folk 
GIS viewer and is indicated on the boring log.  Locations and elevations should be considered no more 
accurate than the methods used to determine them. 
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GENERAL NOTES FOR 
SUBSURFACE EXPLORATION LOGS 

1. Numbers in sampling data column next to Standard Penetration Test (SPT) symbols indicate
blows required to drive a 2-inch O.D., 1⅜-inch I.D. sampling spoon 6 inches using a 140 pound
hammer falling 30 inches.  The Standard Penetration Test (SPT) N value is the number of  blows
required to drive the sampler 12 inches, af ter a 6 inch seating interval.  The Standard Penetration
Test is performed in general accordance with ASTM D1586.

2. Visual classif ication of soil is in accordance with terminology set forth in “Identif ication of  Soil.”
The ASTM D2487 group symbols (e.g., CL) shown in the classif ication column are based on
visual observations.

3. Estimated water levels indicated on the logs are only estimates f rom available data and may vary
with precipitation, porosity of the soil, site topography, and other factors.

4. Refusal at the surface of  rock, boulder, or other obstruction is def ined as an SPT resistance of  50
blows for 1 inch or less of  penetration.

5. The logs and related information depict subsurface conditions only at the specif ic locations and at
the particular time when drilled or excavated.  Soil conditions at other locations may dif fer f rom
conditions occurring at these locations.  Also, the passage of  time may result in a change in the
subsurface soil and water level conditions at the subsurface exploration location.

6. The stratif ication lines represent the approximate boundary between soil and rock types as
obtained f rom the subsurface exploration.  Some variation may also be expected vertically
between samples taken.  The soil prof ile, water level observations and penetration resistances
presented on these logs have been made with reasonable care and accuracy and must be
considered only an approximate representation of  subsurface conditions to be encountered at the
particular location.

7. Key to symbols and abbreviations:

S-1, SPT Sample No., Standard Penetration Test 
5+10+10+10 Number of  blows in each 6-inch increment 

LL Liquid Limit 
MC Moisture Content (percent) 
PL Plastic Limit 
PP Pocket Penetrometer Reading (tsf ) 
%Passing#200 Percent by weight passing a No. 200 Sieve 



IDENTIFICATION OF SOIL 
I. DEFINITION OF SOIL GROUP NAMES (ASTM D2487) SYMBOL GROUP NAME 

Coarse-Grained Soils 
More than 50% retained 
on No. 200 sieve 

Gravels – 
More than 50% of coarse 
fraction 
retained on No. 4 sieve 

Coarse, ¾” to 3” 
Fine, No. 4 to ¾” 

Clean Gravels 
Less than 5% fines 

GW WELL GRADED 
GRAVEL 

GP POORLY GRADED 
GRAVEL 

Gravels with fines 
More than 12% fines 

GM SILTY GRAVEL 
GC CLAYEY GRAVEL 

Sands – 50% or more of coarse 
Fraction passes No. 4 sieve 

Coarse, No. 10 to No. 4 
Medium, No. 40 to No. 10 
Fine, No. 200 to No. 40 

Clean Sands 
Less than 5% fines 

SW WELL GRADED 
SAND 

SP POORLY GRADED 
SAND 

Sands with fines 
More than 12% fines 

SM SILTY SAND 
SC CLAYEY SAND 

Fine-Grained Soils 
50% or more passes 
the No. 200 sieve 

Silts and Clays – 
Liquid Limit less than 50 
Low to medium plasticity 

Inorganic CL LEAN CLAY
ML SILT 

Organic OL ORGANIC CLAY
ORGANIC SILT 

Silts and Clays – 
Liquid Limit 50 or more 
Medium to high plasticity 

Inorganic CH FAT CLAY
MH ELASTIC SILT 

Organic OH ORGANIC CLAY
ORGANIC SILT 

Highly Organic Soils Primarily organic matter, dark in color and organic odor PT PEAT 

II. DEFINITION OF SOIL COMPONENT PROPORTIONS (ASTM D2487)
Examples 

Adjective 
Form 

GRAVELLY 
SANDY 

>30% to <50% coarse grained
component in a fine-grained soil

GRAVELLY LEAN CLAY 

CLAYEY 
SILTY 

>12% to <50% fine grained
component in a coarse-grained soil

SILTY SAND 

“With” WITH GRAVEL 
WITH SAND 

>15% to <30% coarse grained
component in a fine-grained soil

FAT CLAY WITH GRAVEL 

WITH GRAVEL 
WITH SAND 

>15% to <50% coarse grained
component in a coarse-grained soil

POORLY GRADED GRAVEL WITH SAND 

WITH SILT 
WITH CLAY 

>5% to <12% fine grained
component in a coarse-grained soil

POORLY GRADED SAND WITH SILT 

III. GLOSSARY OF MISCELLANEOUS TERMS
SYMBOLS  ............................ Unified Soil Classification Symbols are shown above as group symbols.  A dual symbol “-“ 

indicates the soil belongs to two groups.  A borderline symbol “/” indicates the soil belongs 
to two possible groups. 

FILL ........................................ Man-made deposit containing soil, rock and often foreign matter. 
PROBABLE FILL................... Soils which contain no visually detected foreign matter but which are suspect with regard 

to origin. 
DISINTEGRATED ROCK 
(DR) ........................................

Residual materials with a standard penetration resistance (SPT) between 60 blows per 
foot and refusal.  Refusal is defined as a SPT of 100 blows for 2” or less penetration. 

PARTIALLY WEATHERED 
ROCK (PWR) .........................

Residual materials with a standard penetration resistance (SPT) between 100 blows per 
foot and refusal.  Refusal is defined as a SPT of 100 blows for 2” or less penetration. 

BOULDERS & COBBLES ..... Boulders are considered rounded pieces of rock larger than 12 inches, while cobbles 
range from 3 to 12 inch size. 

LENSES ................................. 0 to ½ inch seam within a material in a test pit. 
LAYERS ................................. ½ to 12 inch seam within a material in a test pit. 
POCKET ................................ Discontinuous body within a material in a test pit. 
MOISTURE CONDITIONS ..... Wet, moist or dry to indicate visual appearance of specimen. 
COLOR .................................. Overall color, with modifiers such as light to dark or variation in coloration. 
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S-01, SPT
1+2+2+3
REC=18", 75%

S-02, SPT
2+4+8+7
REC=21", 88%

S-03, SPT
6+6+4+2
REC=11", 46%

S-04, SPT
1+WOH+1+WOH
REC=24", 100%

S-05, SPT
WOH/18"+1
REC=24", 100%

S-06, SPT
2+2+2+2
REC=23", 96%

S-07, SPT
3+2+2+3
REC=24", 100%

S-08, SPT
2+2+3+2
REC=24", 100%

Topsoil; 4 inches

SANDY LEAN CLAY; moist, brown

Change: gray

SILTY SAND, fine to medium grained
sand; moist, light brown

CLAYEY SAND, fine to medium
grained sand; wet, light orangish brown

SILTY SAND, fine to medium grained 
sand; wet, brown, contains shell 
fragments

SILTY SAND, fine to medium grained 
sand; wet, greenish gray, contains 
shell fragments and mica

TABB
FORMATION

YORKTOWN
FORMATION

A1

A2

B2

PP  = 3.25 tsf

LL = 26
PL = 15
MC = 16.6%
% Passing
#200 = 57.0
PP  = 1.50 tsf

MC = 38.7%

LL = 33
PL = 25
MC = 33.1%
% Passing
#200 = 24.6

Encountered 7/12 --- 6.0' --- ---

Total Depth: 40.0 ftGround Surface Elevation: 20± (ft)

Contractor: Fishburne Drilling, Inc.
Chesapeake, Virginia

Contractor Foreman: R. Hicks

Schnabel Representative: A. Overeem

Equipment: CME-45B (ATV)

Method: 2-15/16" O.D. Tri-cone Roller Bit

Hammer Type: Auto Hammer (140 lb)

Dates    Started:   7/12/22     Finished:   7/12/22

X: 12053811 ft   Y: 3445113 ft   By: Handheld GPS 

Coordinate System:  VA State Plane (S)

Date CavedDepthTime Casing
Groundwater Observations
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1941 - 1949 Wilroy Road
Suffolk, Virginia
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CL

SC

-7.0

-17.0

-20.0
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37.0
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S-09, SPT
3+2+3+2
REC=24", 100%

S-10, SPT
2+2+2+2
REC=24", 100%

S-11, SPT
4+3+3+3
REC=24", 100%

SILTY SAND, fine to medium grained
sand; wet, greenish gray, contains
shell fragments (continued)

LEAN CLAY WITH SAND; wet,
greenish gray, contains shell fragments

CLAYEY SAND, fine to medium
grained sand; wet, greenish gray,
contains shell fragments

YORKTOWN
FORMATION

B2

B1

B2

MC = 39.5%
PP  = 2.50 tsf

PP  = 2.50 tsf

Bottom of Boring at 40.0 ft.
Boring terminated at selected depth.
Boring backfilled with cuttings and borehole plug upon completion.
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SOIL LABORATORY TEST DATA 

Summary of  Laboratory Tests 
Gradation Curves  
Atterberg Limits 
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TO: Director of Engineering 

FROM: HCS 

DATE:  March 28, 2022 

SUBJECT: Hydraulic Analysis for Wilroy PRS and Offline Storage Tank Facilities 
(CIP NP014000) 

___________________________________________________________________ 

EXECUTIVE SUMMARY 
This technical memorandum summarizes the hydraulic analysis results for the Wilroy 
Pressure Reducing Station (PRS) and Offline Storage Facility (OLSF) CIP project 
NP014000.  The objective of this analysis is to re-evaluate the initial design parameters 
introduced in the RWWMP and subsequently in the HRSD’s Integrated Plan High Priority 
Projects Round I (NP-HPP-1) program and confirm their validity based on the latest and 
best information available. 
The purpose of constructing these facilities is to provide pressure relief and increase 
system capacity during wet weather events.   
Recommendations: 
Following the completion of this hydraulic analysis, the following design parameters for 
Wilroy PRS and OLSF facilities are recommended: 
1. Design parameters:

2. Design Considerations:
The design of Wilroy PRS should provide provisions for potential future pump
upgrades to meet future development activity trends in the western part of the City
of Suffolk.

3. Location of Improvements:
Based on the two locations considered for this analysis, Alternative 1 (Alt. 1) and
Alternative 2 (Alt. 2), it is recommended that a property for the improvements should
be selected in proximity to Alt. 2 location.  Alt. 2 location offers the following potential
benefits over Alt. 1:

Wilroy PRS: 
Pumps Flow Range (gpm): 4,000 - 7,000 

Min. – Max. Pressure Relief (TDH): 40 - 80 ft 
Suction Set Point (ft): 30 

OLSF Storage Volume (gal): 3 MG 
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i. Maximum hydraulic relief in the upstream parts of the interceptor system
along Carolina Road and Holland Road corridors thus providing additional
system capacity to accommodate future growth.  Maximizing system
capacity, it will result in minimizing and/or delaying the need for future system
improvements.

ii. Potential construction cost savings in:
- OLSF configuration and elevations
- Smaller pumps/motor hp requirements
- Reduced power service/demand

iii. Maximum OLSF utilization

4. Windsor Line:
The site for the proposed improvements must be selected so that the Windsor Line
(SF-214) will remain on the suction side of the proposed Wilroy PRS and upstream
from the OLSF.

Figure 1. Location of both alternatives, Alt. 1, and Alt. 2 

Windsor Line 
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SECTION A: BACKGROUND & PURPOSE 
The proposed Wilroy PRS and OLSF infrastructure improvements were first identified in 
the RWWMP solution set submitted to EPA in 2014 as part of the Regional Consent 
Decree (CD).  In 2017, HRSD submitted to EPA through amendments of the CD, an 
Integrated Plan (IP) with a list of high priority projects (HPP) including SWIFT.  Since then, 
EPA has encouraged the use of adaptive management approaches featuring iterative 
decision making to manage and address municipal environmental challenges and public 
health issues. As such, HRSD developed the Adaptive Regional Plan (ARP) which 
consists of four (4) phases of projects and initiatives.  The facility improvements under 
consideration were included in Phase 2b of ARP with a target date of completion no later 
than 2030.   
The Wilroy PRS and OLSF as defined in the IP were evaluated using the Regional 
Hydraulic Model (RHM) with a 5-year peak flow recurrence event as an input flow to the 
model.  Based on that evaluation, the following design parameters were identified and 
included in the IP ARP: 

Wilroy PRS: 
Flow: 8,300 gpm 
Maximum Relief (TDH) for pumps: 80 ft 

OLSF size: 2.9 MG 
The main objective for the construction of these facilities is to eliminate SSO events during 
wet weather conditions.  Figure 2 illustrates overflow events as reported by the City of 
Suffolk and HRSD between 2009 and 2022.   

 Figure 2: Reported SSOs by the City of Suffolk & HRSD (2009-2022) 

HRSD Shingle Creek Gravity Interceptor 

Reported SSO event 

LEGEND: 
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Currently, the only PRS operated by HRSD to provide relief for the metro area of the City 
of Suffolk is Pughsville PRS (PRS #134).  This facility is located just south of the Bob 
White Lane and Shoulders Hill Road intersection.  In light of the development trends in 
recent years and potential for growth, in the western parts of City of Suffolk, this PRS no 
longer provides pressure relief for the city.  

Since 2009, approximately 196 capacity weather related overflows events were reported 
by the City of Suffolk representing approximately 33 distinct locations within the City’s 
sanitary sewer system. Reported estimated total volume of water spilled  during those 
events was approximately 3.0 MG. Also, HRSD reported approximately 6 SSO events 
since 2009 with an estimated total volume of 0.6 MG and all of them occurred around the 
Shingle Creek (SG-191,192,193) gravity interceptor or at the receiving station, HRSD 
Suffolk PS #135. 

It is important to note that the City has an on-going pump station rehabilitation/upgrades 
CIP program to address the capacity related overflows.  Since 2016 the city has 
completed numerous pump station projects with various degree of improvements.  
Several pump stations were replaced with new ones, others were retrofitted with new 
pumps to meet current system pressures, and others were converted from terminal pump 
stations to lift stations.  Hence, the frequency and severity of SSO events today may be 
less impactful and scarce.  

Equally, HRSD is addressing the capacity related overflows associated with PS #135 
under CIP NP010620 by replacing the Suffolk PS with two new terminal pump stations 
with a manifold force main connecting to the existing FM interceptor SF-189 at or near 
the intersection of Wilroy Road and East Constance Road.  In addition to the pump station 
replacement, approximately 7,000 LF of the Shingle Creek interceptor will be abandoned 
and/or replaced to divert the flow to the two new stations.  The flow contribution from the 
two new pump stations will be approximately 40% of the total average daily flow conveyed 
to Wilroy PRS and OLSF.   

SECTION B: HYDRAULIC MODELING 

1. Model Files

The following Mike Urban (MU) model files were used for this analysis:
SS_RHM_Build_20161031.mdb 
SS_RHM_Build_20161031.mup 

2. SWMM Output Files

The following SWMM output files were used for this analysis as input flow
parameters files to MU model:
2-Year Event (2YR):
Time-varying groundwater and RDII SWMM flow time series input file for the base 
network scenario was used to generate an output file with a 2-year peak hour 
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recurrence event with a synthetic 4-hour hyetograph. Flow input is based on exist-
ing basins using pre-rehab flow parameters with a rainfall intensity corresponding 
to a Spatial Distribution Factor (SDF) of 0.8. The resulting output file from SWMM 
was used as an input file to MU for this analysis. 

SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF 
5-Year Event (5YR):
One time-varying groundwater and RDII SWMM flow time series input files for the 
base network with a synthetic 4-hour hyetograph and 5-year peak hour recurrence 
event flows was used.  The event represents existing catchments with pre-rehab 
flow parameters, and it is loaded with a rainfall intensity corresponding to a Spatial 
Distribution Factor (SDF) of 0.8.  

SS_RHM_EXIST_PRE-R_RDII_TVGW_5YR_SDF80_20161023.CRF 
In addition to the above MU input files, an additional parameter was included as an 
input to the model to account for sediment depth in the interceptor network: 

SS_Sediment_UpdatedRHM_20161025.ADP 

3. Model Network Setup

The following four model network configurations were used to complete this
analysis:

a. Existing Network:  This network consists of all existing infrastructure currently
servicing the City of Suffolk and its environs. The HRSD Suffolk PS (PS #135)
is in service.  Three Godwin 12-inch bypass pumps were added to the
infrastructure that were not included in the original model files: The first was
added at the HRSD-PS-135, and the other two at two city pump stations, PS-
004 and PS-048 based on feedback HRSD received from city staff.

Also, the catchments for PS-021 and PS-022 were revised to divert the flow
away from the HRSD Shingle Creek gravity interceptor (SG-193). Based on
2018 model submittals by the City of Suffolk, PS-022 is now a terminal pump
station with a direct connection to HRSD SF-265 interceptor. PS-021 service
area flow is diverted to PS-022 gravity collection system.

Finally, the City of Suffolk infrastructure, i.e., terminal pump stations, pump
curves, and force main network included in the MU model reflects the 2016
infrastructure as submitted then by the city to the RHM development  team.
Hence, subsequent improvements and/or upgrades to the City’s system other
than the ones described above were not incorporated to this base network nor
were they incorporated in the following three model networks described below.

b. Suffolk PS Replacement Network:  Under this network, the Suffolk PS (HRSD-
PS-135) is removed from the network and replaced with two new pump station
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facilities, namely, PS-159 and PS-160 in accordance with the latest design 
submittals under CIP NP010620.  Pursuant to the proposed improvements 
included in the design, sections of the existing Shingle Creek gravity interceptor 
were removed from the network.  In addition, some sections of the HRSD 
gravity interceptor were replaced with 24” pipe diameter just upstream from PS-
160. Both stations are at near 100% design.  It is possible some minor design
changes may occur prior to final approval of the conformed plans. However,
these changes will not impact the overall outcome of this analysis.
Also, it is anticipated that the improvements under NP010620 would be 
completed ahead of those proposed under NP014000 by approximately two 
years.   

c. Alt. 1 HPP Network: Under this model network setup, the PRS and OLSF
facilities were added in the network at Alt. 1 location as shown in Figure 1
above.

d. Alt. 2 HPP Network:  Under this model network setup, the PRS and OLSF
facilities were added in the network at Alt. 2 location and as shown in Figure 1
above.

4. Wilroy PRS Setup
The PRS facility was set-up to run with 3 pumps during the simulated wet weather
event.  After some trial and error, the settings for the 3 pumps were set to operate
as follows:

Pump START: Discharge HGL > 70 ft 
Pump suction set point: 30 ft 

The maximum and minimum speed (VFD) pump curves used for the 3 pumps were 
borrowed from Kempsville PRS; however, they were reduced to match simulated 
pressures and flow regimes at the proposed site of Wilroy PRS.  The pump curves 
are hypothetical and actual pumps and pump curves will be determined during the 
design phase. However, the curves used for this analysis were adequate in 
establishing the hydraulic grade line on the suction side of the PRS while providing 
a minimum relief (TDH) of 70 feet and maintaining the suction set point at 30 ft.  The 
pump curves used for this analysis can be found in Appendix A. 

5. OLSF Setup
For this analysis, the storage tank was configured as a cylinder with a constant
cross-sectional area and a height of 30 feet with a total volume of 3.0M gallons.  The
bottom elevation was set at 0.0 ft with a rim elevation at 30 ft.  The connection point
elevation for the drainpipe to the tank for Alt. 1 and Alt. 2 is 16.69’ and 11.32’
respectively with a total length of 60 ft and a pipe diameter of 30 inches for both
alternatives. The actual configuration of the tank and critical elevations will be
determined during the design phase.
The control valve (CV) regulating the flow diverted to the tank was setup under the
following operating conditions:
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OPEN CV: Pump Discharge HGL > 100 ft and 3 pumps are 
running. 

HOLD CV OPEN: Pump Discharge HGL > 65 ft 
CLOSE CV:  Pump Discharge HGL < 65 ft 

6. Site Alternatives for Improvements
Under this analysis, two sites were considered for locating the proposed Wilroy PRS
and OLSF and are identified in Figure 1 above:
a. Alt. 1:  This location is at the vicinity of the Nansemond Parkway and Upton

Lane intersection. During the development of the RWWMP (Integrated Plan -
IP), this site was used as a potential location of the Improvements. Hence, all
hydraulic analyses conducted up to this point had these improvements at this
location in the model network.

b. Alt. 2: In addition to Alt. 1, a second location was considered in the analysis to
investigate the hydraulic benefits of having the facilities located closer to the
historical town center of Suffolk.  This location in the model network is
immediately downstream from the convergence of the Windsor Line (SF-214)
and Wilroy Road Line (SF-190); therefore, it keeps the Windsor Line on the
suction side of Wilroy PRS. This site is approximately 11,000 LF upstream of
Alt.1 location.
To do a comparison analysis between the two locations in the model network
and to better demonstrate the benefits of one location over the other, identical
HPP improvements were configured at each location with the same pump
settings and conditions in operating the OLSF.

7. Hydraulic Model Simulations

A total of eight (8) hydraulic simulations were run to complete this analysis.  Table 1
below lists all the simulations with their corresponding SWMM input files and model
network setup described in Section B of the report. The purpose for each simulation
is discussed below.

Sim # SWMM Input File Model Network Setup 

Sim1 SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF Existing Net 
Sim1a SS_RHM_EXIST_PRE-R_RDII_TVGW_5YR_SDF80_20161023.CRF Existing Net 
Sim2 SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF Suffolk PS Improvements Net 
Sim3 SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF Alt. 1: HPP Net 
Sim4 SS_RHM_EXIST_PRE-R_RDII_TVGW_5YR_SDF80_20161023.CRF Alt. 1: HPP Net 
Sim5 SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF Alt. 2: HPP Net (Revised) 
Sim6 SS_RHM_EXIST_PRE-R_RDII_TVGW_2YR_SDF80_20161023.CRF Alt. 2: HPP Net 
Sim7 SS_RHM_EXIST_PRE-R_RDII_TVGW_5YR_SDF80_20161023.CRF Alt. 2: HPP Net 

Table 1: List of Hydraulic Model Simulations 
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Sim1:    The results from this simulation establish existing system performance 
during the design storm event.  Also, they provide a point of reference 
(base) by which the Wilroy PRS and OLSF overall performance and 
effectiveness is measured to justify the need for these facilities. 

Sim1a: This simulation was conducted to mainly compare model flow rates vs 
metered flow rates reported in Telog at three monitoring sites during an 
actual storm event that occurred on July 20, 2012.  This event is comparable 
to the design storm used in the model.  

Sim2:   The results from this simulation provide an additional reference point that 
describes system performance during the interim period (approx. 2 years) 
when the PRS and OLSF facilities are being constructed.  

Sim3 and Sim4: 
The results from these two simulations will be compared against the results 
generated from simulations Sim6 and Sim7 to assess the hydraulic benefits 
derived from Alt.1 over Alt.2 locations pertinent to the Wilroy PRS and OLSF 
improvements. 

Sim5:    The results from this simulation are for illustration purpose only and to 
highlight how it impacts Wilroy PRS performance without the assistance of 
OLSF.  As such, the results from this simulation should not be considered 
as a design condition during the PRS pump selection process.  

Sim6 and Sim7:  
The results from these two simulations will be compared against those from 
Sim3 and Sim4 simulations to assess the hydraulic benefits derived from 
Alt. 2 over Alt.1 locations pertinent to the Wilroy PRS and OLSF 
improvements. 

8. Hydraulic Model Results

Table 2 below summarize the results generated from the simulations described
under Section B.7 of this report.

Provided that the configuration and settings for the operation of Wilroy PRS and
OLSF were identical at both locations in the network, a direct comparison of the
hydraulic results between the two alternate sites can be made.  From the results in
Table 1 below, Alt. 2 location offers an optimum hydraulic solution in comparison to
Alt. 1 location.  The discussion below highlights these advantages as observed in
the model.

Storage Volumes:
A comparison between Alt. 1 and Alt. 2 simulations, Sim6 and Sim7 produce
approximately 12% - 16% more volume of water in the OLSF than under
simulations Sim3 and Sim4.
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SSO Volumes: 
Results from Sim6 and Sim7 simulations show approximately 50% reduction in 
overflow volume than under Sim3 and Sim4 simulated overflow volumes.   

Wilroy PRS Performance: 
With the hypothetical pumps provided in the model, the Wilroy PRS provided almost 
the same relief across the board with all simulations at both alternative locations 
when the OLSF is in use. With 3 pumps set to run during the event, the pumps 
provide 70 ft relief under Sim3 and Sim4 simulations and 74 ft under Sim6 and Sim7 
simulations.  The PRS was able to maintain the suction set point at 30 ft in all four 
simulations.  
A closer examination in the PRS performance, one notable difference between Alt.1 
simulations (Sim3 & Sim4) and Alt. 2 simulations (Sim6 & Sim7) is in the maximum 
rate passing thru all three pumps.  Under Sim6 and Sim7, the total maximum rate is 
approximately 12 – 15% less than under Sim3 and Sim4 simulations.  This is directly 
related to the rate diverted to OLSF. Indeed, the model results show the maximum 
diversion rate to the OLSF under Sim6 and Sim7 is 5% and 15% respectively higher 
under Alt. 2 simulations Sim3 and Sim4. 

Finally, under Sim5 simulation, when Wilroy PRS is running without OLSF 
assistance, the pumps are not able to maintain the suction set point at 30 ft. From 
Table 1 results, although the pumps provide 58 ft maximum relief, the HGL on the 
suction side of the pumps is at 120 ft.  This outcome is not desirable as the system 
pressures upstream in the system are approximately 40-ft higher when compared to 
Sim6 HGL.   
Upstream Flow Rates: 
One other parameter to compare between the two alternative locations is the 
maximum rate during the event that is conveyed from upstream to the OLSF and 
PRS facilities.  Under Alt. 2,  the maximum flow rate is approximately 8-9% greater 
than the rate under Alt. 1. What this means as it was stated in the discussion under 
“Storage Volumes” above, more water is moving through the interceptor system in 
lieu of being stored in the city’s collection system. 

System Hydraulic Grade Lines (HGL): 
Another way to compare the results between Alt. 1 and Alt.2 alternatives are the 
hydraulic grade line time series produced under each simulation.   
A comparison of the simulations between the two locations with identical SWMM 
input file to the hydraulic model  are presented in Appendix B side-by-side for easy 
comparison. A time step during the peak hour of the design event simulations was 
selected to plot the HGL profiles illustrating the maximum difference in pressure 
relief between the two alternatives. All HGL profiles were generated representing 
the interceptor system from the end-of-line at Holland Road to the Nansemond 
treatment plant.   
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A. Sim1 vs Sim2 HGL Comparison:
The HGL time series plots produced between these two simulations are almost
identical with approximately 5-10 ft difference between them at the very
upstream end of the interceptor system.  This is expected as under Sim2 the
existing Suffolk PS is replaced with two new terminal pump stations. The
pumps in both stations are proposed as variable frequency drives (VFDs);
hence, their operation can be adjusted to ensure they are running as such that
they don’t lock-out upstream city pump stations during inclement weather
conditions and until Wilroy PRS and OLSF are fully operational.
Finally, this graph provides the benchmark by which system performance is
compared to the other 2 sets of HGL profiles (Sim3 vs Sim6 and Sim4 vs Sim7)
highlighting the value and impact of the proposed Wilroy PRS and OLSF will
have in the overall system performance.

B. Sim3 vs Sim6 HGL Comparison:
Between the two simulations, Sim6 simulation produces a maximum of 30 feet
reduction in system pressures over Sim3 during the peak hour of the event.
The additional 30 feet in HGL reduction at the very end of the system should
be viewed as additional available capacity in the HRSD interceptor system.
Hence, it will allow the system to provide the design level of service and
continue to perform within the HRSD HGL Policy for much more years without
the need for additional improvements in the near future.

C. Sim4 vs Sim7  HGL Comparison:
Similarly to the discussion in section 8.B above,  Sim7 simulation produces a
maximum of 20 ft reduction in system pressures over Sim4 during the peak
hour of the event.

E. Sim5 vs Sim6 HGL Comparison:
This graph is for illustration purposes only and not to be considered as a design
condition for the Wilroy PRS. It is assumed that the OLSF will always be
available to assist the PRS when it is needed.   Under Sim5 simulation, the
OLSF is not activated during the simulation event; hence, Wilroy PRS
performance is downgraded.  The pumps are not keeping with the suction set
point set at 30 feet.  Therefore, the poor performance of the PRs results in two
outcomes:

i. The total simulated SSO volume (300,031 gal) under Sim5 is
approximately 7.24 times greater when compared to the SSO volume
under Sim6 (36,412 gal).

ii. System pressure (HGL) under Sim5 is approximately 43 feet higher
during the peak hour event than under sim6 HGL at the upstream parts
of the interceptor system.
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Table 2: Hydraulic Model Results Summary 
Notes:   

1. Aggregate upstream flow rate represents total flow conveyed to Wilroy PRS and OLSF site

Alt. 2: HPP 
Network 

(OLSF OFF)

Quantified Parameters Sim1 Sim1a Sim2 Sim3 Sim4 Sim5 Sim6 Sim7

OLSF
 Stored Volume (gal): NA NA NA 1,223,236   1,649,801    NA 1,420,225 1,905,100 
OLSF Utilization (%): NA NA NA 41               55 47 64 

Filling Time (min): NA NA NA 288             344              NA 316 360 
Avg. Fill Rate (gpm): NA NA NA 4,082          4,640           NA 4,274 5,321 

Max. Rate (gpm): NA NA NA 6,870          8,055           NA 9,173 10,590 
Wilroy PRS

Min. Suction HGL (ft): NA NA NA 30               30 118 30 30 
Max. Discharge HGL (ft): NA NA NA 100             100              177 103 104 

Max. Relief _TDH (ft): NA NA NA 70               70 59 73 74 
Max. Rate thru pumps during storing (gpm): NA NA NA 7,668          7,805           10,081 6,741 6,624 

Max. Rate thru pumps post storage (gpm): NA NA NA 7,808          7,807           NA 7,133 7,016 
Simulated Overflows (SSO)

Number of events: 16              20              11               4 8 8 2 6 
Total Volume (gal): 430,415     906,602     458,270      71,885        285,998       300,031 36,412 147,584 

Aggregate Upstream Flow Rate:
DW Max (gal): 2,740         2,740         3,143          3,683          3,752           3,143 3,684 3,908 

WW Max (gal): 8,018         7,931         8,273          13,370        14,302         10,081 14,639 15,462 

Alt.  1: HPP Network 
 Suffolk PS 

Replacement 
Network

Alt. 2: HPP Network Existing Network
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SECTION C: Metered vs. Modeled Flow Comparison Analysis 

To confirm the validity of the mode results and to have confidence in the design of the 
facilities with adequate and conservative design parameters, a flow comparison analysis 
between Sim1a simulation flows and metered flows (Telog) was conducted and it is 
discussed below.  Three monitoring sites were considered for this analysis which were 
deemed pertinent to this study: 

i. MMPS #197 - East Constance: This meter captures all the flow conveyed from
three major corridors:  Holland Rd, Carolina Rd, and N. Main Street.

ii. MMPS #174 - Suffolk PS:  This meter includes all the flow generated from the
Shingle Creek gravity interceptor (SG191-193) service area.

iii. MMPS #164 - Pughsville PRS:  This meter captures all the flow upstream from
this PRS location, which includes the flow registered at the two meters described
above.

A map identifying the 3 sites is included in Appendix C.  The first two are located upstream 
from the proposed PRS and OLSF improvements, while the third site is located 
downstream at the Pughsville PRS facility. 
1. Model Design Storms

The model design storms used for this analysis are a 2-YR and 5-YR peak hour
recurrence events described in Section B.2 in the report.  Both events have a
duration of 4 hours producing a rainfall of 2.95” and 3.61” respectively with a special
distribution factor (SDF) equal to 1.0.  For this analysis, the SDF factor applied
throughout the entire Nansemond TP service area is 0.80, which is consistent with
how the current HGL Policy was developed.  Table 3 summarizes the design storm
parameters.

Rainfall (in) 
SDF 2-Year 5-Year

SDF 1.0 2.95 3.61 
SDF 0.8 2.36 2.89 

Duration (hrs) 4 4 
Table 3: Model Design Storms 

The storm event in all simulations occurs on the forth day in the simulation time 
preceded by 3 days of dry weather flow conditions. 

2. Dry Weather Analysis
Table 4 summarizes the dry weather maximum hourly flows between metered and
modeled flows at the three monitoring site locations.  The values for the metered
flow were obtained by a visual inspection of one year (2021) of data as reported in
the Telogers Enterprise Client during dry periods with consistent diurnal flow
patterns.
The modeled dry weather flows were obtained from Sim1a simulation at the exact
same locations where the monitoring sites are located.
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Meter Location Metered 
Flow (gpm) 

Model Flow 
(gpm) 

Avg. DW 
Max 

DW Max. 
Hour Avg. 

East Constance Rd 1,500 1,536 
Suffolk PS 900 2,142 
Pughsville PRS 3,700 3,375 

Table 4: Dry Weather Max Flow (Metered vs Model ) 

Representative dry weather plots reported in Telog at the three monitoring sites are 
shown in Appendix D. 

3. Wet Weather Analysis
For the wet weather flow comparison analysis, the Suffolk PS rain gauge monitoring
site was used to identify storm events like the events used in the hydraulic model.
Based on Post Storm Analysis Synopsis reports prepared by the Data Analysis
Section from 2009 to 2022, Table 5 lists ten (10) wet weather events recorded at the
Suffolk PS rain gauge monitoring facility.  These events produced significant amount
of rainfall, albeit with different intensities and durations.  Only one event which
occurred on July 20, 2012, is comparable with the model 5-YR design storm. This
event produced 3.26” of rain within a 6-hour period.  Hence, Sim1a simulation flows
were used for this comparison analysis.  Under this simulation, the Wilroy PRS and
OLSF are not included in the network and the model is loaded with the 5YR design
storm.
The metered peak hour maximum rates and pressures recorded at the three
monitoring sites are also included in the table.

Table 5: Storm events recorded at the Suffolk PS rain gauge site 

Table 6 below compares the maximum rates and pressures between the 7/20/2012 
storm event and Sim1a simulation results at the three monitoring sites. 

Event Date Event RRII
Rainfall 

(in)
Duration 

(hrs)
Max. Rate 

(gpm)
Pressure 

(ft)
Max. Rate 

(gpm)
Pressure 

(ft)

Max. 
Rate 

(gpm)

Pressure 
(ft)

9/7/2009 5 YR 5.8 36 NA NA 3,200       NA 6,900      41
7/20/2012 5 YR 3.26 6.5 4,100        93 2,800       116 7,500      16
10/9/2013 2-5 YR 4.79 72 3,600        99 4,100       122 6,900      12
7/24/2014 5-10 YR 4.52 21 4,070        115 3,200       138 8,300      16
8/12/2017 2 YR 2.31 12 3,700        99 3,000       125 6,200      9
9/18/2020 5 YR 4.44 12 5,900        116 3,000       133 11,800    10
2/18/2021 NA 1.89 36 5,200        116 2,750       138 8,100      57

8/1/2021 1-2 YR 1.75 28 4,880        127 2,600       145 9,700      21
1/3/2022 1-5 YR 2.13 24 3,500        99 2,600       116 7,600      14

1/16/2022 1 YR 1.76 9 4,422        120 2,500       139 9,000      40

E. Constance MMPS 
#197

Suffolk PS MMPS 
#174

Pughsville PRS 
MMPS # 164
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Meter Location Metered Flow and 
Pressures 

Sim1a Flow and 
Pressures 

Model 
Elevations 

(ft) 

Peak Hour 
Max. Rate 

(gpm) 

Max. Hour 
Pressure 

(ft) 

Peak Hour 
Max. Rate 

(gpm) 

Peak 
Hour 

Pressure 
(ft) 

East Constance Rd 4,100 93 4,593 133 21.8 
Suffolk PS 2,800 116 2,666 144 6.19 
Pughsville PRS 7,500 16 9,197 43 15.69 

Table 6: 7/20/2012 event vs. Sim1a Simulation data 
During the 2012 storm, the City of Suffolk reported two SSO events with an 
estimated total volume of 36,000 gal, whereas the model predicts 15 SSO events 
with a total volume of 873,872.  Hence, a direct comparison between the 2012 
observed flows and model flows cannot be easily made given the disparity in the 
number of SSOs and volumes reported by both methods.   It is reasonable to 
assume the flows in the hydraulic model are more conservative than may first appear 
from the table above. 

SECTION D: Special Design Considerations: 
During the design phase of the improvements and site selection evaluation, the following 
considerations should be considered: 
1. Sea Level Rise and Infrastructure Resiliency

Currently HRSD is undertaking a study to evaluate the impacts of climate change.
With the improvements’ proximity to the Nansemond River basin and its tidal
influence, sea level rise and the potential for flooding must be considered during
design.  Until detailed guidance has been incorporated into the HRSD Standards,
HRSD Planning and Analysis (P&A) Section can be reached for additional guidance.
Additionally, the Mitigation Concepts Summary Report can be made available as a
reference to clarify what flood water pathways could be at the selected site of the
improvements and how to mitigate them. A copy of the report can be made available.

2. Selected City Terminal Pump Stations Analysis
As part of this hydraulic analysis, four city terminal pump stations were evaluated
further because of their proximity to the proposed HPP improvements. Contingent
upon final selection of the site for the improvements, their respective connection
points to the HRSD interceptor system  may end-up being either upstream (Sim3)
or downstream (Sim6) from the Wilroy PRS
The four city pump stations of concern are shown on a map in Appendix F and are
listed below:

SUFF-PS-031, SUFF-PS-014, SUFF-PS-67, and SUFF-PS-111. 
The results from three simulations were considered: Sim1, Sim3, and Sim6.  Sim1 
results represent how the existing HRSD interceptor network potentially may 
perform under the model 2YR design storm.  Under Sim3, all four city pump stations 
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will be upstream from the proposed Wilroy PRS, whereas under Sim6, they will be 
downstream.   
The pump curves in all four pump stations in the hydraulic model were provided by 
the city in 2016.  The model results show that under Sim1, all four pump stations are 
marginal and surcharging at various degrees.  The only exception is SUFF-PS-131, 
which based on the model results is spilling. Under Sim6, all four pump stations 
performed marginally better with no simulated overflows observed.  Under Sim3, 
pump performance in all four pump stations is improved and the pumps are keeping 
with incoming flow.  Table 7 below lists the maximum HGL at the intersection of 
Nansemond Pkwy and Wilroy Road.  

Sim# HGL (ft) 
Sim1 120 
Sim6 95 
Sim3 43 
Table 7: HGL values at the Nansemond Pkwy and Wilroy PRS intersection 

Further investigation to recent submittals by the city and communications with city 
staff confirmed that at least three of the four pump stations setup in the hydraulic 
model is not accurate.  The discussion below explains why these discrepancies 
exist. 
SUFF-PS-014: This pump station was converted in 2019 from a terminal pump 
station to a lift station with an outfall to a gravity manhole that is part of SUFF-PS-
159 collection system. The pumps in this station have a shut-off head at 170 ft.  
SUFF-PS-111 received new impellers in 2021 with a new shut-off head point at 124 
ft.  Of the three city pump stations along Nansemond Pkwy, this station is the furthest 
downstream and closer to the HRSD connection point.   
SUFF-PS-067 is being replaced with a new pump station and it is currently under 
construction.  The new pump station is outfitted with high head flygt pumps and with 
a shut-off head of 135 ft.  Similarly, this station  
SUFF-PS-031: Based on city’s submittals and communications with staff, there has 
been no upgrades/modifications associated with this pump station; hence, the 
pumps in the model are assumed to be accurate with a shut-off head at 115 ft.   
Based on the findings above, all four pump stations will be running closer to their 
design point under Alt. 2 condition (Sim6) than under Alt. 1 condition (Sim3).   

SECTION E: Conclusions 
Based on the hydraulic modeling analysis and results presented in Table 1 above, the 
following conclusions are summarized below:    
A. With the assistance of both Wilroy PRS and OLSF the likelihood of SSO events

within the service area is diminished according to the model by at least six fold under
Sim3 (Alt.1) and by twelve fold  under Sim6 (Alt.2) in comparison to Sim1 simulated
overflows.
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B. The proposed Wilroy PRS and OLSF when operating in tandem will provide much
needed relief pressure in the interceptor system (45ft – 60ft) during inclement
weather conditions.  This is illustrated in the hydraulic grade line plots provided in
Appendix B.

C. Under Sim5 simulation with the OLSF not called to assist, the PRS pumps selected
for this analysis could not maintain the suction set point at 30 ft (HGL). As a result,
the simulated number of SSO events and total volume increased dramatically.  A
closer look between Sim1 and Sim5 HGL profiles shows that indeed the profiles look
identical as you move away and upstream from the PRS location.

D. Two alternative locations were considered for the proposed improvements, Alt. 1
and Alt. 2.  Based on the results and discussion provided above, Alt. 2 provides the
most favorable hydraulic solution.  By moving the PRS and OLSF upstream  and
closer to the City of Suffolk town center by approximately 11,000 LF, it provides
greater flexibility in the design and operation of the system.
Alt. 2 location provides the following potential benefits over Alt. 1 location:

i. Maximum hydraulic relief in the upstream parts of the interceptor system
along Carolina Road and Holland Road corridors. This translates to additional
system capacity which can be available to accommodate future development
activity; thus deferring -if not eliminate- potential future system upgrades even
further.

ii. Potential construction cost savings in:
- OLSF configuration and elevations
- Smaller pumps/motor hp requirements
- Reduced power service/demand

iii. Maximum OLSF utilization
E. Although none of the simulations considered under this analysis resulted in 100%

utilization of the tank, it does not mean it cannot be achieved if required.    Indeed,
maximum utilization of this storage facility may be needed at times to address some
of the wet weather effluent discharge constraints at the Nansemond treatment plant
when the Boat Harbor facility  goes off-line.  A coordination between the two design
teams and all stakeholders involved with both projects may be required to ensure
the Wilroy PRS and OLSF offer optimum utilization while achieving multiple
outcomes.

F. Based on the comparison analysis between metered vs model flows, the hydraulic
model flows generated from both design storms (2YR and 5YR) are conservative;
thus, allowing adequate design capacity for the PRS and OLSF facilities.  As such,
special design  and planning must be considered during the pump selection process
to allow for maximum flexibility and efficiency of the pumps in conjunction with
available metered flow data.

G. Based on the findings with the latest upgrades on the city’s four terminal pump
stations investigated and described in Section D, it further supports that the location
of Wilroy PRS and OLSF being upstream (Alt. 2) from the discharge points of these
stations would not have an adverse impact in their operation.
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SECTION F: Recommendations 
Based on the findings of this analysis and conclusions, the following design 
parameters, and considerations for the Wilroy PRS and OLSF facilities are 
recommended: 
Design parameters: 

Design Considerations: 
The design of Wilroy PRS should provide provisions for potential future pump 
upgrades to meet future development activity trends in the western part of the City 
of Suffolk. 

Location of Improvements: 
Based on the two locations considered for this analysis, Alt. 2 - or in proximity of this 
location is recommended. It provides the best hydraulic solution in both pressure 
relief and maximum storage utilization with greater flexibility in design alternatives 
for the PRS and OLSF.  Furthermore, by locating the improvements closer to the 
western part of the city’s sewer infrastructure, the PRS and OLSF will provide 
additional available capacity in the system, which if it is measured in pressure head 
is approximately 30 ft.  

Windsor Line (SF-214): 
During the property selection evaluation process, consideration must be given so 
that the Winsor Line (SF-214) remains on the suction side of proposed Wilroy PRS 
and upstream from the OLSF.  

SIGNATURE APPROVAL 

Wilroy PRS: 
Pump operating flow range (gpm): 4,000 - 7,000 

Min. – Max. Pressure Relief (TDH): 40 ft - 80 ft 
Suction HGL Set Point (ft): 30 

OLSF Storage Volume (gal): 3 MG 
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Appendix A: Wilroy PRS Assumed Pump Curves & Simulation Data Points 

 

 

Note:  The pump curves illustrated above were assumed to be appropriate for this analysis as 
they produced hydraulic results comparable to how the system should ultimately operate 
once the improvements are in service.  Actual pumps and pump curves will be further 
considered during the design phase of the project. 
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Appendix B: Hydraulic Grade Lines 
Sim1 vs Sim2 HGL Comparison 

Sim3 vs Sim6 HGL Comparison 
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Sim4 vs Sim7  HGL Comparison 

Sim5 vs Sim6 HGL Comparison 

NOTE:   Sim5 is compared against Sim6 for illustration purposes only and not to be considered as a 
design condition for pump selection with Wilroy PRS.  This graph highlights the fact that the 
Wilroy PRS alone without OLSF assistance will not be able to provide necessary relief in the 
upstream reach of the interceptor system. 
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Appendix C: Monitoring Sites 
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Appendix D: Dry Weather Metered Flow Plots 
MMPS #197 East Constance Road 

MMPS #174 Suffolk PS 

MMPS #164 Pughsville PRS 
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Appendix E:  7/20/2012 Recorded Event vs Sim1a (5YR event) 

MMPS #197 East Constance Road (7/20/2012 Event) – Max. Hour Rate: 3,950 gpm 
MMPS #174 Suffolk PS (7/20/2012 Event) – Max. Hour Rate: 2,800 gpm 
MMPS #164 Pughsville PRS (7/20/2012 Event) – Max. Hour Rate: 7,500 gpm 
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Sim1a Max. Hourly Rate: 4,662 gpm Sim1a Max. Hourly Rate: 3,931 gpm 

Sim1a Max. Hourly Rate: 9,541 gpm 
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Appendix F:  Nansemond Pkwy City Terminal Pump Stations 
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Appendix G: Wilroy PRS and OLSF Service area 
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Appendix H:   
Sim1 Simulated SSO events 

Sim2 Simulated SSOs: 
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Sim3 Simulated SSOs 

Sim6 Simulated SSOs 
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Appendix I:  OLSF Influent Rates between Sim3 (Alt.1) and Sim6 (Alt.2) 
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Appendix C: Detailed Site Selection Tables 



Envision Category Criteria + 0 -

No/limited wetlands
>500 ft of 

wetlands 
<500 ft of wetlands  Site on wetlands  

Avoid protected species -

All sites had the same 

endangered 

species/migratory birds

-

Avoid CERCLA/superfund
All sites not near 

superfund sites
- -

Proximity to navigable 

waters

>1000 ft from 

navigable waters

500-1000 ft from 

navigable waters

<500 ft from 

navigable waters

Elevation of site
>500ft from 

floodplain
<500ft from floodplain In floodplain

Nearby threat/hazard
>1500 ft from 

chemical plant

500-1500ft from chemical

plan

<500 ft from chemical 

plant

Likelihood of Owner Selling Yes Unknown No

Zoning Class M-2 zoning class M-1 or A zoning classes
All other zoning 

classes

Existing screening trees Mostly tree cover Some trees No tree cover

Odor
Residential homes 

>1000ft downwind

Residential homes 500-

1000ft downwind

Residential homes 

<500ft downwind

City Property City property Others  -

DPW/Roadway 

Improvement
Others

<1000ft of DPW 

improvement projects  

Adjacent to DPW 

improvement projects 

Soil foundation Loam soil Fine sandy loam soil  
Areas with sink/swell 

potential

Proximity to HRSD FM <200ft of FM 200-1000ft of FM >1000ft of FM

Public Roads Access
<100ft to public 

roads 
100-500ft of public roads >500ft of public roads

Size of Parcel (3 acres 

needed minimum)
>5 acres 3-5 acres <3 acres

No railroad crossing
No need to cross 

railroad tracks  
Near railroad tracks Cross railroad tracks

Hydraulic benefits Southern section Middle section Northern section

Electrical availability

Powerline runs 

adjacent to site 

parcel

Powerline on other side of 

street

Powerline >500ft of 

site 

Potable water availability
>200 ft of water 

pipes
200-1000 ft of water pipes

>1000 ft of water 

pipes

Local community groups - All sites -

Avoid archeological/ 

historical areas
- All sites -

Leadership

Resource Allocation

Table 2-1.  Site Criteria and Scoring

Scoring

Natural World

Climate and Resilience

Quality of Life
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1 304154000 50.1 - 0 + + + + 0 - + 0 0 + + + + +

2 303737000 70.3 0 0 + 0 0 + 0 - 0 0 0 0 0 - - +

3 301897000 4 - 0 + + + + 0 - + + 0 0 + + + 0

4 305035500 35.9 + 0 + 0 0 + - - - 0 0 0 0 + + +

5 300847000 26.8 - 0 + + + + - - + + 0 - + + + +

6 305035300 23.3 0 0 + 0 0 + - - 0 - 0 - 0 + + +

7 301961000 13.3 - 0 + + - + - - + 0 0 - + 0 + +

8 304886400 5.5 + 0 + + + + - - - 0 0 - 0 + + +

9 300853000 29.7 - 0 + + - + - - + - 0 - 0 + 0 +

10 300849000 60 + 0 + + + + - + - + 0 0 0 + + +

11 300850000 14.6 + 0 + + + + - + - + 0 0 0 + + +

12 302112000 11.1 - 0 + 0 - 0 - - + + 0 + - - + +

13 300972300 46.7 0 0 + 0 - - - + + 0 0 + 0 - 0 +

14 300981000 8.9 0 0 + + - + - + + + 0 + 0 + 0 +

15 300972200 1.83 + 0 + + + - - + - - 0 + 0 + + -

16 302531000 4.1 0 0 + 0 - + - + + 0 0 + - + 0 0

17 301899100 15.3 0 0 + - - - - + + - 0 + - + + +

18 302842000 5.4 - 0 + 0 - + 0 + + 0 0 + - + 0 +

19 300616500 3.1 - 0 + - - 0 0 - - + 0 + - 0 - -

20 302591500 10.5 0 0 + - 0 - 0 + 0 + 0 + 0 0 - +

21 304339500 18.3 0 0 + + - 0 0 + + 0 0 + 0 + + +

22 300520000 5.5 + 0 + + + + 0 + + 0 0 + 0 0 + +

23 304649300 4.6 + 0 + + 0 + + - + - + + 0 + + 0

24 303392500 3.31 + 0 + + 0 + + - + - - + 0 0 + 0

25 301260000 2.82 + 0 + + 0 + + - + - 0 + 0 0 + 0

26 304324200 1.47 + 0 + + 0 + + - + - 0 + 0 0 + 0

27 304324300 1.08 + 0 + + 0 + + - + - 0 + 0 0 + 0

Resource Allocation

Table 2-2.  Site Selection Analysis Results  

Site # Parcel ID Acres

Natural World Climate and Resilience Quality of Life



1 304154000 50.1

2 303737000 70.3

3 301897000 4

4 305035500 35.9

5 300847000 26.8

6 305035300 23.3

7 301961000 13.3

8 304886400 5.5

9 300853000 29.7

10 300849000 60

11 300850000 14.6

12 302112000 11.1

13 300972300 46.7

14 300981000 8.9

15 300972200 1.83

16 302531000 4.1

17 301899100 15.3

18 302842000 5.4

19 300616500 3.1

20 302591500 10.5

21 304339500 18.3

22 300520000 5.5

23 304649300 4.6

24 303392500 3.31

25 301260000 2.82

26 304324200 1.47

27 304324300 1.08
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Appendix D: Project Schedule and Risk Register 



ID Task Name Duration Start Finish

1 Wilroy PRS 1024 days Mon 1/10/22 Tue 12/16/25

2 NTP 0 days Mon 1/10/22 Mon 1/10/22

3 Mobilize 13 days Mon 1/10/22 Wed 1/26/22

4 Kickoff Meeting 0 days Wed 1/26/22 Wed 1/26/22

5 Site Selection 82 days Wed 2/2/22 Tue 5/31/22

6 Site Selection Criteria Mtg 0 days Wed 2/2/22 Wed 2/2/22

7 Potential Site Identification 10 days Thu 2/3/22 Thu 2/17/22

8 Site Selection Mtg 0 days Thu 2/17/22 Thu 2/17/22

9 Site Selection TM 2 days Fri 2/18/22 Mon 2/21/22

10 Additional Site Selection Activities 70 days Tue 2/22/22 Tue 5/31/22

11 PER 149 days Wed 2/9/22 Fri 9/9/22

12 Existing PRS and OLSF Review 7 days Fri 2/18/22 Mon 2/28/22

13 Existing PRS and OLSF Review 2 days Fri 2/18/22 Mon 2/21/22

14 Existing Facility Review TM 5 days Tue 2/22/22 Mon 2/28/22

15 Modeling Data Review 2 days Wed 2/9/22 Fri 2/11/22

16 Data Review Meeting 0 days Wed 2/9/22 Wed 2/9/22

17 Mtg Summary 2 days Thu 2/10/22 Fri 2/11/22

18 Workshops 48 days Wed 4/20/22 Tue 6/28/22

19 Process Mech/Hydraulics and Facility Config

Workshop

0 days Wed 4/20/22 Wed 4/20/22

20 Process Controls/Electrical Workshop 0 days Thu 5/26/22 Thu 5/26/22

21 Safety Workshop 0 days Fri 6/10/22 Fri 6/10/22

22 Architectural Approach Workshop 0 days Tue 6/28/22 Tue 6/28/22

23 BIM/Asset Mngmnt Workshop 0 days Fri 6/3/22 Fri 6/3/22

24 Envision Workshop 0 days Mon 5/23/22 Mon 5/23/22

25 Environmental Evaluation 20 days Wed 6/22/22 Wed 7/20/22

26 Permitting Plan 10 days Thu 7/21/22 Wed 8/3/22

27 Contractor Procurement Mtg 0 days Tue 6/14/22 Tue 6/14/22

28 Stakeholder/Community Evaluation 15 days Wed 6/1/22 Tue 6/21/22

29 Design Considerations 41 days Thu 4/21/22 Fri 6/17/22

30 Schematic Drawing Prep 20 days Mon 6/20/22 Mon 7/18/22

31 Cost Estimate 5 days Tue 7/19/22 Mon 7/25/22

32 Prepare Draft PER 10 days Tue 7/19/22 Mon 8/1/22

33 QA/QC 5 days Tue 8/2/22 Mon 8/8/22

34 Draft PER Submittal to HRSD 0 days Mon 8/8/22 Mon 8/8/22

35 HRSD Review 12 days Tue 8/9/22 Wed 8/24/22
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ID Task Name Duration Start Finish

36 PER Review Workshop 0 days Wed 8/24/22 Wed 8/24/22

37 Revise PER 10 days Thu 8/25/22 Wed 9/7/22

38 QA/QC 2 days Thu 9/8/22 Fri 9/9/22

39 Submit Final PER to HRSD 0 days Fri 9/9/22 Fri 9/9/22

40 CMAR Selection Process 60 days Thu 8/4/22 Wed 10/26/22

41 Prepare Final Design Scope 30 days Thu 8/25/22 Wed 10/5/22

42 HRSD Commision Approval Final Design 14 days Thu 10/6/22 Tue 10/25/22

43 50% Design 137 days Mon 9/12/22 Tue 3/21/23

44 Geotechnical 32 days Mon 9/12/22 Tue 10/25/22

45 Level B SUE 20 days Mon 9/12/22 Fri 10/7/22

46 Design 80 days Wed 10/26/22 Tue 2/14/23

47 QA/QC 10 days Wed 2/15/23 Tue 2/28/23

48 Submittal 0 days Tue 2/28/23 Tue 2/28/23

49 Review Workshop with HRSD 15 days Wed 3/1/23 Tue 3/21/23

50 Conditional Use Permit 160 days Wed 3/1/23 Tue 10/10/23

51 Develop Permit Application 20 days Wed 3/1/23 Tue 3/28/23

52 Submittal 0 days Tue 3/28/23 Tue 3/28/23

53 Planning Review 120 days Wed 3/29/23 Tue 9/12/23

54 City Council 20 days Wed 9/13/23 Tue 10/10/23

55 Approval 0 days Tue 10/10/23 Tue 10/10/23

56 90% Design 105 days Wed 3/22/23 Tue 8/15/23

57 Level A SUE 20 days Wed 3/22/23 Tue 4/18/23

58 Design 60 days Wed 4/19/23 Tue 7/11/23

59 QA/QC 10 days Wed 7/12/23 Tue 7/25/23

60 Submittal 0 days Tue 7/25/23 Tue 7/25/23

61 Review Workshop with HRSD 15 days Wed 7/26/23 Tue 8/15/23

62 Construction Documents 50 days Wed 8/16/23 Tue 10/24/23

63 Design 40 days Wed 8/16/23 Tue 10/10/23

64 QA/QC 10 days Wed 10/11/23 Tue 10/24/23

65 Submittal 0 days Tue 10/24/23 Tue 10/24/23

66 Construction 560 days Tue 10/24/23 Tue 12/16/25

67 NTP 0 days Tue 10/24/23 Tue 10/24/23

68 Mobilization 20 days Wed 10/25/23 Tue 11/21/23

69 Construction 540 days Wed 11/22/23 Tue 12/16/25

70 Comissioning 60 days Wed 9/24/25 Tue 12/16/25
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HRSD Wilroy PRS and Tank Revision Date: 7/28/2022

HRSD

Engineer of  Record

Risk 

#
Risk Description

Risk 

Score

Mitigation Actions

(Preventative or Contingency)

1
Limited sites available and single owner of 

probable location
5

2
Construction costs continue to escalate making 

project too expensive.
4

Update construction cost through design phase. Notify HRSD when increase 

cause large increase.

3
VCWRLF  funding requirements limit availability of 

equipment due to new requirements of BABAA.  
2

Coordinate early to ensure enough funds are in current HRSD VCWRLF loan. 

Continual monitor the new BABAA requirements and how they may effect this 

project in the future.

4
HRSD changes operation of tank that makes odor 

control system inappropriate
1 Engage and coordinate with HRSD early. 

5 Error in design documents 1
BC has a rigorist QC program that shall be implemented. A individual project 

Quality Management Plan (QMP) to be implement. 

6 Error in construction quality control 1

Include all performance testing requirements clearly in specifications (i.e. tank 

watertight testing, pump performance testing.etc).  Ensure thorough and 

continuous inspection processes by qualified persons

7 Delays caused by site plan approval. 2 Engage agencies early where possible.

8

If site is wetlands or complex environmental 

permitting the overall implementation timeline will 

be impacted.

2 Engage agencies early where possible.

9 Property is zoned business requires re-zone and 

conditional use permitting with outside agencies.

2 Engage agencies early where possible.

10
Impacts to existing vehicle traffic in the area

1
Appropriate outreach/notification and signage if 

required. 

11  Excessive noise & vibration to neighboring 

residents & business during construction activities

2

Engage stakeholders early and often.  Perform 

detailed pre-construction assessment containing 

mitigation techniques

12
Delays caused by integration of SCADA and Other 

I&C
1

Coordination with HRSD early on.  Coordination on 

schedule implementation with Construction.

13
Backlash from public on facility especially tank.

3 Engage stakeholders and community outreach early.

15
Delays due to extend review times by HRSD

1 Establish review schedule early.

16
Delays due to extend review and approvals by the 

City
1

Establish review schedule early and coordinate reviews and approvals with the 

City

17
Utility conflicts located during construction that 

cause re-design and/or a change order. Causing 

project delays or increased project cost.

2
Perform upfront site review and survey to capture 

all unknowns possible. 

18
Access to utilities need for site (i.e. electrical and 

water service)
1 Cordate early with City.

19

Poor soil conditions lead to inflated costs.  

Additional design complexity and overall 

construction cost.

4

Preform final geotechnical engineering study include one day of in-situ testing, 

such as Dilatometers (DMTs), and several supplemental SPT borings to obtain 

soil samples for laboratory testing and to install at least one temporary 

groundwater monitoring well.

20
City widening Wilroy Road could impact location of 

pipeline and property setbacks.
2

Coordinate early and continually through the project with City of Suffolk. Identify 

point of contact at City of Suffolk.

21

City of Chesapeake is installing a new 24" raw 

water transmission line near Wilroy Road and QVC 

Dr.

2 Coordinate early and continually through the project with City of Chesapeake. 

Identify point of contact at City of Chesapeake.

22

TC Energy is installing a new 24" natural gas to 

replace an existing  12" line  near Wilroy Road and 

QVC Dr.

2 Coordinate early and continually through the project with TC Energy. Identify 

point of contact at TC Energy.

23

Electrical service will be required for this project. 

BC has run into delays due to new service on other 

projects. 

2 Coordinate early and continually through the project with VDOT.   Identify point of 

contact at VDOT.

Untimely HRSD comments / 

approvals

Untimely City comments / approvals

Construction Quality Error

Brown and Caldwell's Internal Risk Register for Projects

Risk Identification

Wilroy Road widening coordination

City of Chesapeake Raw Water line

TC Energy Natural Gas 24" 

replacement

VDOT

Delays with SCADA or other I&C

Access to utilities

Geotechnical

Property Zoning 

Odor Control

Project funding using VCWRLF

Impacts During Construction 

Community

Design Reviews 

Utilities

Site Conditions

Coordination

Noise & Vibration

Vehicle traffic

Claims/Complaints

Utilities conflicts

Design Quality Error

Site Plan Approval

Environmental Impacts delays

Project Quality

Budget

Property Acquisition

Permitting / Third Party Approvals

Property Acquisition

Increasing construction cost

Risk Title

Project Name:

Client Name:

BC's Role:
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Appendix E: Envision Checklist 



Summary Results 

Yes No Improved Enhanced Superior Conserving Restorative Points

QL1.1   Improve Community Quality of Life Assessed 6 1 0 0 0 20 0 20 26 26

QL1.2   Enhance Public Health & Safety Assessed 4 2 0 0 12 0 0 12 20 20

QL1.3   Improve Construction Safety Assessed 4 1 0 0 10 0 -- 10 14 14

QL1.4   Minimize Noise & Vibration Assessed 4 1 0 0 6 0 0 6 12 12

QL1.5   Minimize Light Pollution Assessed 4 2 0 0 6 0 0 6 12 12

QL1.6   Minimize Construction Impacts Assessed 6 0 0 0 0 8 -- 8 8 8

QL2.1   Improve Community Mobility Access Not Applicable 0 0 0 0 0 0 0 0 0 14

Quality of Life QL2.2   Encourage Sustainable Transportation Not Applicable 0 0 -- 0 0 0 0 0 0 16

QL2.3   Improve Access & Wayfinding Assessed 1 3 1 0 0 0 -- 1 14 14

QL3.1   Advance Equity & Social Justice Assessed 3 4 3 0 0 0 0 3 18 18

QL3.2   Preserve Historic & Cultural Resources Assessed 2 4 -- 2 0 0 0 2 18 18

QL3.3   Enhance Views & Local Character Assessed 5 1 0 0 0 11 0 11 14 14

QL3.4   Enhance Public Space & Amenities Not Applicable 0 0 0 0 0 0 0 0 0 14

Yes No Improved Enhanced Superior Conserving Restorative Points

LD1.1   Provide Effective Leadership & Commitment Assessed 3 1 0 0 12 0 -- 12 18 18

LD1.2   Foster Collaboration & Teamwork Assessed 4 0 0 0 0 18 -- 18 18 18

LD1.3   Provide for Stakeholder Involvement Assessed 5 1 0 0 0 14 0 14 18 18

LD1.4   Pursue Byproduct Synergies Not Applicable 0 0 0 0 0 0 0 0 0 18

LD2.1   Establish a Sustainability Management Plan Assessed 2 3 4 0 0 0 -- 4 18 18

LD2.2   Plan for Sustainable Communities Assessed 5 0 0 0 0 0 16 16 16 16

Leadership LD2.3   Plan for Long-Term Monitoring & Maintenance Assessed 5 0 0 0 0 12 -- 12 12 12

LD2.4   Plan for End-of-Life Assessed 2 3 2 0 0 0 -- 2 14 14

LD3.1   Stimulate Economic Prosperity & Development Assessed 2 3 3 0 0 0 -- 3 20 20

LD3.2  Develop Local Skills & Capabilities Not Applicable 0 0 0 0 0 0 0 0 0 16

LD3.3   Conduct a Life-Cycle Economic Evaluation Assessed 2 3 0 7 0 0 0 7 14 14

Assessed Maximum 

Points Available

Assessment Status
Evaluation Questions 

AssessedCredit Assessment 

Status

Economy

Wellbeing

Mobility

Community

Collaboration

Planning

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Total Maximum Points

Total Maximum Points



Yes No Improved Enhanced Superior Conserving Restorative Points

RA1.1   Support Sustainable Procurement Practices Assessed 0 2 0 0 0 0 -- 0 12 12

RA1.2   Use Recycled Materials Assessed 0 1 0 0 0 0 -- 0 16 16

RA1.3   Reduce Operational Waste Not Applicable 0 0 0 0 0 0 -- 0 0 14

RA1.4   Reduce Construction Waste Assessed 0 2 0 0 0 0 -- 0 16 16

RA1.5   Balance Earthwork On Site Assessed 0 1 0 0 0 0 -- 0 8 8

RA2.1   Reduce Operational Energy Consumption Not Applicable 0 0 0 0 0 0 -- 0 0 26

RA2.2   Reduce Construction Energy Consumption Assessed 0 2 0 0 0 0 -- 0 12 12

Resource RA2.3   Use Renewable Energy Assessed 0 1 0 0 0 0 0 0 24 24

 Allocation RA2.4   Commission & Monitor Energy Systems Assessed 0 3 0 0 0 0 -- 0 14 14

RA3.1   Preserve Water Resources Assessed 6 0 0 0 0 0 12 12 12 12

RA3.2   Reduce Operational Water Consumption Assessed 3 1 0 0 0 17 0 17 22 22

RA3.3   Reduce Construction Water Consumption Assessed 2 0 1 0 0 0 -- 1 8 8

RA3.4   Monitor Water Systems Not Applicable 0 0 0 0 0 0 -- 0 0 12

Yes No Improved Enhanced Superior Conserving Restorative Points

NW1.1   Preserve Sites of High Ecological Value Assessed 5 1 0 0 0 16 0 16 22 22

NW1.2   Provide Wetland & Surface Water Buffers Assessed 3 2 0 5 0 0 0 5 20 20

NW1.3   Preserve Prime Farmland Not Applicable 0 0 -- 0 0 0 0 0 0 16

NW1.4   Preserve Undeveloped Land Assessed 0 2 0 0 0 0 0 0 24 24

NW2.1   Reclaim Brownfields Not Applicable 0 0 0 0 0 0 0 0 0 22

NW2.2   Manage Stormwater Assessed 3 1 2 0 0 0 0 2 24 24

NW2.3   Reduce Pesticide & Fertilizer Impacts Assessed 3 1 0 0 0 9 0 9 12 12

Natural NW2.4   Protect Surface & Groundwater Quality Assessed 2 4 2 0 0 0 0 2 20 20

World NW3.1   Enhance Functional Habitats Assessed 2 4 2 0 0 0 0 2 18 18

NW3.2   Enhance Wetland & Surface Water Functions Assessed 6 1 0 0 12 0 0 12 20 20

NW3.3   Maintain Floodplain Functions Assessed 4 1 0 0 0 11 0 11 14 14

NW3.4   Control Invasive Species Assessed 2 4 0 2 0 0 0 2 12 12

NW3.5   Protect Soil Health Assessed 2 2 -- 3 0 0 0 3 8 8

Materials

Energy

Water

Siting

Conservation

Ecology

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available
Total Maximum Points

Total Maximum Points



Yes No Improved Enhanced Superior Conserving Restorative Points

CR1.1   Reduce Net Embodied Carbon Assessed 0 3 0 0 0 0 -- 0 20 20

CR1.2   Reduce Greenhouse Gas Emissions Assessed 0 2 0 0 0 0 0 0 26 26

CR1.3   Reduce Air Pollutant Emissions Assessed 0 5 0 0 0 0 0 0 18 18

CR2.1   Avoid Unsuitable Development Assessed 5 1 0 0 0 12 0 12 16 16

CR2.2   Assess Climate Change Vulnerability Assessed 3 2 0 14 0 0 -- 14 20 20

Climate and CR2.3   Evaluate Risk and Resilience Assessed 5 1 0 0 24 0 -- 24 26 26

Resilience CR2.4   Establish Resilience Goals and Strategies Assessed 4 0 -- 0 0 20 -- 20 20 20

CR2.5   Maximize Resilience Assessed 4 1 0 0 20 0 -- 20 26 26

CR2.6   Improve Infrastructure Integration Assessed 5 0 0 0 0 0 18 18 18 18

Yes No Improved Enhanced Superior Conserving Restorative Points

Total Points
All Credits 

Assessed
138 84 20 33 102 168 46 369 832 1000 0.4

Possible Award Level:

Resilience

Gold

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status

Emissions

Assessed Maximum 

Points Available

Credit Assessment 

Status

Evaluation Questions 

Assessed
Assessment Status Assessed Maximum 

Points Available

Total Maximum Points

Total Maximum Points



Envision Rating System

Pre-Assessment Checklist

          Quality of Life

QL 1.1 Improve Community Quality of Life 20 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified and taken into account community needs, goals, and issues? Yes

B Does the project meet or support the needs and goals of the host and/or affected communities? Yes

C
Has the project team assessed the social impacts the project will have on the host and affected 

communities’ quality of life?
Yes

D
Have the affected communities been meaningfully engaged in identifying how the project meets 

community needs and/or goals?
Yes

E Has the project team addressed negative social impacts? Yes

F
Are the affected communities satisfied that the project addresses their needs and goals as well as 

mitigates negative impacts?
Yes

G
Does the project proactively address long-term social, economic, or environmental changes that impact 

quality of life?
-

Yes = 6 of 7

1. WELLBEING

Intent: Improve the net quality of life of all communities affected by the project and mitigate negative impacts to communities.

Metric: Measures taken to assess community needs and improve quality of life while minimizing negative impacts.

Applicability: It is likely that all projects have the ability to align project objectives with community needs and goals, identified through active 

engagement, in order to achieve broad community satisfaction. It would therefore be difficult to demonstrate that the credit is not relevant or 

applicable to a project seeking an Envision award.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 1.2 Enhance Public Health and Safety 12 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project meet all health and safety regulations and laws for operations? Yes

B
Has the project exceeded minimum legal health and safety requirements as established by regulations 

and laws?
Yes

C Does the project include health and safety improvements for the immediate surroundings? Yes

D Does the project include health and safety improvements for the broader host or affected communities? Yes

E
Can the project team demonstrate that health and safety risks and impacts are not disproportionately 

borne by one community over another?
-

F
Will the project provide critical infrastructure services to communities experiencing, or at risk of 

experiencing, imminent negative health and/or personal safety impacts?
-

Yes = 4 of 6

`

QL 1.3 Improve Construction Safety 10 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have the project owner and contractor (GC/CM) made strong commitments to monitoring and improving 

health and safety?
Yes

B
Does the project include reliable feedback mechanisms to identify risks, conduct hazard analyses, and 

communicate hazards to personnel?
Yes

C Does the project include safety or security training requirements for personnel? Yes

D
Does the project include a comprehensive security plan to protect workers, the public, and sensitive 

information?
Yes

E Does the project include health and/or well-being programs? No

Yes = 4 of 5

Intent: Protect and enhance community health and safety during operation.

Metric: Measures taken to increase safety and provide health benefits on the project site, surrounding sites, and the broader community in a just 

and equitable manner.

Applicability: It is likely that all projects, large and small, have the ability to positively impact health and/or safety in some way. Safety actions can 

be relative to the scale of the project, from repainting a crosswalk to preventing major chemical spills. It would therefore be difficult to demonstrate 

that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Enhance public and worker safety during construction.

Metric: Commitments and measures to monitor safety, provide feedback mechanisms, train personnel, establish security plans, and make health 

programs available.

Applicability: All projects that include construction have the ability to positively impact construction safety. It would therefore be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 1.4 Minimize Noise and Vibration 6 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team assessed the potential for operational noise impacts on the surrounding community 

and/or environment?
Yes

B Has the project mitigated noise generated as a result of the project? Yes

C Does the project set or adopt target noise levels? Yes

D
Has the project team engaged impacted stakeholders on issues of noise and vibration impacts, mitigation 

strategies, and target levels?
Yes

E To what extent will the project maintain or reduce existing noise levels? Select one of the following: No

None 2

Yes = 4 of 5

Metric: The extent that operational noise and vibration is assessed and mitigated, and target levels achieved.

Applicability: Consideration is given to whether the project will have any operational noise. Noises generated by activities induced by the project, 

such as cars on roads, pedestrians in parks, and trucks accessing facilities, are applicable to this credit. Projects that do not include any 

operational noise may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent: Minimize noise and vibrations during operations to maintain and improve community livability.



Envision Framework Pre-Assessment Checklist

QL 1.5 Minimize Light Pollution 6 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team conducted an assessment of lighting needs and impacts for the project? Yes

B Has the project implemented strategies to reduce light pollution? Yes

C Has the project developed a lighting plan establishing lighting zones? Yes

D Will luminaires prevent light emission above 90 degrees? Yes

E
Do all project lights meet backlight, uplight, and glare (BUG) requirements for their respective lighting 

zones?
No

F
Does the project involve the removal or retrofitting of existing lighting so as to significantly reduce overall 

existing lighting?
No

Yes = 4 of 6

Assessment Questions:

Metric: Lighting meets backlight, uplight, and glare requirements for lighting zones.

Applicability: This credit is not applicable if projects do not include any exterior lighting. Certain types of projects may be required to use lighting 

that is incompatible with the credit requirements. This is not considered an acceptable reason for designating the credit as not applicable. Projects 

that are unable to demonstrate achievement in this credit are encouraged to pursue higher performance in other credits.

Intent: Reduce backlight, uplight, and glare without jeopardizing safety during operations.



Envision Framework Pre-Assessment Checklist

QL 1.6 Minimize Construction Impacts 8 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project implemented a construction management plan or policies to address construction 

impacts?
Yes

B Does the construction management plan mitigate noise and/or vibrations? Yes

C
Does the construction management plan address safety and wayfinding for pedestrians and vehicles 

during construction?
Yes

D
Does the construction management plan maintain access to public space and amenities during 

construction?
Yes

E Does the construction management plan address distracting or intrusive lighting during construction? Yes

F
Does the construction management plan or policies include robust feedback mechanisms and 

performance monitoring and reporting for construction impacts?
Yes

Yes = 6 of 6

Intent: Minimize or eliminate the temporary inconveniences associated with construction.

Metric: Extent of issues addressed through construction management plans.

Applicability: Consideration is given to whether the project includes construction activities with the potential to impact the quality of life of 

individuals. Projects that do not include construction impacts (e.g. an internal refurbishment of a private facility or extremely remote site) may apply 

to have this credit deemed not applicable with supporting documentation.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 2.1 Improve Community Mobility and Access 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Is the project consistent with local transportation plans? -

B
Has the project team obtained input from the community and key stakeholders regarding issues of 

mobility and access?
-

C
Does the project include strategies to increase capacity, manage congestion, reduce vehicle distance 

traveled, or lower accident rates?
-

D
Has the project team worked with the community to expand mobility and access options and/or 

incorporate complete streets policies?
-

E Has the project team considered the long-term mobility and access needs of the community? -

F Does the project create new or restore previous connections between communities? -

Yes = -

QL 2.2 Encourage Sustainable Transportation 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Does the project provide convenient access to active, shared, or mass transportation options? -

B
Is the project configured and designed in such a way to encourage active, shared, and/or mass 

transportation options?
-

C Does the project include programs and facilities that support the use of active transportation and transit? -

D
Does the project contribute to a larger integrated active, shared, or mass transportation strategy for the 

community or region?
-

Yes = -

Intent: Plan the project as part of a connected network that supports all transportation modes for the efficient movement of people, goods, and 

services.

Metric: The extent to which the project broadens mode choices, reduces commute times, reduces vehicle distance traveled,

2. MOBILITY

Applicability: Consideration is given to whether the project has any potential to impact mobility. Non-transportation projects that do not include any 

mobility impacts (positive or negative), and can demonstrate no potential for positively impacting mobility, may apply to have this credit deemed not 

applicable with supporting documentation. This credit is inherently applicable to all transportation infrastructure projects.

Assessment Questions:

Intent: Expand accessibility to sustainable transportation choices including active, shared, and/or mass transportation.

Metric: The extent to which active, shared, or mass transportation options are accessible, encouraged, and supported as part of a larger 

integrated transportation network.

Applicability: Consideration is given to whether the project includes transportation infrastructure, or includes the frequent dependence on 

transportation for access to the project. This credit is applicable to all transportation infrastructure. Projects that do not include transportation 

infrastructure and are not accessible, unmanned, or have very small maintenance crews, may apply to have this credit deemed not applicable with 

supporting documentation.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 2.3 Improve Access and Wayfinding 1 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project addressed access, safety, and wayfinding for incident management including evacuation 

and emergency personnel?
Yes

B Does the project utilize access, safety, and signage to protect or minimize impacts on the surroundings? No

C Does the project provide safe public access points for the benefit of the community? No

D
Does the project have a positive and transformative impact on community neighborhood access, safety, 

and/or wayfinding?
No

Yes = 1 of 4

Applicability: Consideration is given to the potential for impacting community access on or around the project site. Infrastructure that is inherently 

inaccessible (e.g., underground) or extremely remote (e.g., inaccessible by public roads) may apply to have this credit deemed not applicable with 

supporting documentation. Default restrictions on public access are not considered acceptable justification for marking the credit not applicable. 

This credit is automatically applicable to any project in proximity to populated areas or other development, adjacent to sensitive sites, or involving 

regular incoming or outgoing traffic.

Assessment Questions:

Intent: Design the project to provide safe and appropriate access in and/or around the project in a way that integrates the project with the 

surrounding community.

Metric: Incorporating and providing clear access, safety, and wayfinding measures to accommodate emergency services and regular vehicular or 

pedestrian traffic.



Envision Framework Pre-Assessment Checklist

QL 3.1 Advance Equity and Social Justice 3 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the stakeholder engagement process take into account the historic context of equity and social 

justice within affected communities?
Yes

B
Has the project team assessed the social impacts the project will have on the host and affected 

communities?
Yes

C
Have key members of the project team made commitments to equity and social justice within their 

organizations?
Yes

D Has the project addressed social impacts related to equity and social justice? No

E Will the impacts and benefits of the project be distributed equitably throughout affected communities? No

F Has the project team empowered communities to engage in the development process? No

G Does the project positively address or correct an existing or historic injustice or imbalance? No

Yes = 3 of 7

3. COMMUNITY

Intent: Ensure that equity and social justice are fundamental considerations within project processes and decision making.

Metric: Degree to which equity and social justice are included in stakeholder engagement, project team commitments, and decision making.

Applicability: This credit can be designated as not applicable for projects that do not impact the surrounding community. For example, the 

installation or refurbishment of systems internal to a facility that do not impact the quality or level of service provided by the infrastructure.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 3.2 Preserve Historic and Cultural Resources 2 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team worked with the community and required regulatory and resource agencies to 

identify historic and cultural resources?
Yes

B
Has the project team developed strategies to document, protect, or enhance historic and cultural 

resources to the project?
Yes

C
Does the identification of historic/cultural resources extend beyond registries to identify important parts of 

the community culture?
No

D Has the project team worked with stakeholders to develop a sensitive design and approach? No

E
Does the project avoid all historic/cultural resources or fully preserve/protect their character-defining 

features?
No

F
Does the project enhance or restore threatened or degraded historic/cultural resources in the community, 

or add a resource to a protected registry?
No

Yes = 2 of 6

Intent: Preserve or restore significant historical and cultural sites and related resources.

Metric: Steps taken to identify, preserve, or restore cultural resources.

Applicability: Project teams that are unable to identify any historic or cultural resources relevant to the project may apply to have this credit 

deemed not applicable with supporting documentation. Supporting documentation should demonstrate how stakeholder engagement activities, 

cultural resource studies, or equivalent, were implemented in an effort to identify possible historic or cultural resources. This credit is applicable to 

all infrastructure projects that impact a historic or cultural resource identified in state/provincial, national, or international registries, or identified 

through stakeholder engagement. This credit is also applicable, and no points achieved, for projects that cannot demonstrate a serious effort was 

made to identify potential historic or cultural resources.

Assessment Questions:



Envision Framework Pre-Assessment Checklist

QL 3.3 Enhance Views and Local Character 11 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team made a reasonable determination of community values and concerns regarding 

protection and enhancement of views and local character?
Yes

B Has the project team implemented specific strategies to preserve or enhance views and local character? Yes

C Has the project team developed or adopted existing guidelines to preserve views and local character? Yes

D
Does the project include a construction management plan to protect important natural or man-made 

features?
Yes

E Does the community support actions taken to preserve or enhance views and local character? Yes

F Will the project result in the restoration or enhancement of views or local character? No

Yes = 5 of 6

QL 3.4 Enhance Public Space and Amenities 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Has the project team assessed and mitigated impacts to existing public space and/or amenities? -

B Does the stakeholder engagement process specifically address issues of public space and amenities? -

C Are public stakeholders satisfied with the project plans involving public space and amenities? -

D
To what extent does the project involve significantly enhancing, creating, or restoring public space and/or 

amenities? Select one of the following: 
2 No

None

Yes = -

Intent: Improve amenities and publicly accessible spaces to enhance community livability.

Metric: Plans and commitments to preserve, conserve, enhance, and/or restore the defining elements of the amenity.

Applicability: This credit is applicable to projects that are publicly accessible or that impact, adjoin, or otherwise connect to existing public spaces 

or amenities. This represents the large majority of infrastructure projects. Designating this credit as not applicable can be difficult. Projects that by 

their nature preclude the possibility of addressing public space or amenities may submit to have this credit deemed not applicable with supporting 

documentation (e.g., mechanical system refurbishments, offshore wind farms, etc.). Not addressing the potential for public space or amenities is 

not sufficient alone to designate this credit not applicable. Infrastructure projects, especially those traditionally viewed as inaccessible, are 

encouraged to consider how they can benefit their surrounding community through the enhancement or provision of public space and amenities.

Assessment Questions:

Intent: Preserve or enhance the physical, natural, and/or community character of the project site and its surroundings.

Metric: Steps taken to assess valued community resources, implement preservation measures, and determine overall satisfaction.

Applicability: Projects that have no public visibility or impact on views, such as underground utilities or the refurbishment of equipment within an 

existing facility, may submit to have this credit deemed not applicable with supporting documentation. Reviewers are unlikely to accept arguments 

that a publicly visible project has no impact on views or local character.

Assessment Questions:



Envision Rating System

Pre-Assessment Checklist

          Leadership

LD 1.1 Provide Effective Leadership and Commitment 12 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have the project owner and project team made written commitments to address the social, 

environmental, and economic aspects of the project?
Yes

B
Is the project supported by a sustainability management policy commensurate with the scope, scale, 

and complexity of the project?
Yes

C
Has the project team periodically revisited project sustainability commitments throughout project 

delivery?
Yes

D Have key members of the project team made organizational commitments to sustainability? No

Yes = 3 of 4

LD 1.2 Foster Collaboration and Teamwork 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Was an interdisciplinary collaborative kickoff meeting held early in the project to define sustainability 

goals?
Yes

B Has project sustainability performance been enhanced as a result of the interdisciplinary collaboration? Yes

C
Did the project team establish regular interdisciplinary and collaborative meetings to set and achieve 

sustainability goals?
Yes

D
Does the process include construction, operations, or maintenance stakeholders, for better 

incorporation of considerations in later project phases?
Yes

Yes = 4 of 4

`

Assessment Questions:

1. COLLABORATION

Intent: Provide effective leadership and commitment to achieve project sustainability goals.

Metric: The degree to which the project owner and project team have made general, and project-specific, sustainability commitments and 

instituted sustainability management policies.

Applicability: It is likely that all projects can benefit from effective leadership and strong commitments to sustainability. It would therefore be 

difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Intent: Enhance project sustainability through interdisciplinary collaboration and teamwork.

Metric: The breadth and inclusivity of interdisciplinary and collaborative meetings and the resulting sustainability performance enhancements.

Applicability: It is likely that all projects can benefit from better collaboration and teamwork in pursuit of more sustainable projects. It would 

therefore be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

LD 1.3 Provide for Stakeholder Involvement 14 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A

Has the project team undertaken a stakeholder mapping exercise to determine stakeholders? Were 

primary and secondary stakeholders identified through a stakeholder mapping process, and 

stakeholder concerns and specific objectives for stakeholder engagement defined?

Yes

B

Has the project team analyzed, planned, and executed the engagement for key project stakeholders? 

Is there a proactive stakeholder engagement process  established with clear objectives where: 

engagement moves beyond education into active dialogue; stakeholder views are monitored, and a 

two-way line of communication is established to reply to inquiries; and sufficient opportunities are 

provided for stakeholders to be involved in decision making? 

Yes

C
Was a lead member of the project team directly involved with stakeholder groups to understand their 

needs?
Yes

D

Has stakeholder engagement feedback been incorporated into project plans, design, and/or decision 

making? Are specific cases in which public input influenced or validated project outcomes, and 

potentially conflicting stakeholder views were evaluated and addressed equitably during decision 

making?

Yes

E
Has the project team sought feedback from stakeholders as to their satisfaction with the engagement 

process and the resulting decisions that were made based on their input?
Yes

F Has the project engaged one or more stakeholders as partners? No

Yes = 5 of 6

Intent: Early and sustained stakeholder engagement and involvement in project decision making.

Metric: Establishment of sound and meaningful programs for stakeholder identification, early and sustained engagement, and involvement in 

project decision making.

Applicability: It is likely that all projects can benefit from stakeholder engagement. Although the types and scope of stakeholders may vary 

depending on the project, it would be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

LD 1.4 Pursue Byproduct Synergies 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team assessed the availability of either internal or external excess resources or 

capacity?
-

B Has the project team identified opportunities for byproduct synergies or reuse? -

C Has the project team actively pursued a byproduct synergy or reuse? -

D
Does the project include a byproduct synergy by utilizing unwanted excess resources or finding 

destinations for the beneficial reuse of unwanted excess resources? Select one of the following:
No

None 2

E

Is the project part of a circular economy, whereby the majority of operational byproducts are 

beneficially repurposed or the majority of operational resources consumed are beneficially 

repurposed?

-

Yes = -

Metric: The extent to which the project team works with external groups to find beneficial use of waste, excess resources, or capacity.

Intent: Critically reconsider whether traditional waste streams can be beneficially reused.

Applicability: It is likely that all projects that use materials or product waste can benefit from byproduct synergies. It would be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

LD 2.1 Establish a Sustainability Management Plan 4 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Are roles and responsibilities for addressing sustainability assigned to key members of the project 

team?
Yes

B

Has a sustainability management plan been developed to assess and prioritize the environmental, 

economic, and social aspects of the project and set project sustainability goals, objectives, and 

targets?

Yes

C
Does the project include a sustainability management plan that contains sufficient processes and 

management controls to address the sustainability goals, objectives, and targets?
No

D Was the sustainability management plan implemented and periodically revisited? No

E
Is the project sustainability management plan adaptable, flexible, and resilient enough to manage 

changes in the environmental, social, or economic conditions of the project over its life?
No

Yes = 2 of 5

Intent: Create a project sustainability management plan that can manage the scope, scale, and complexity of a project seeking to improve 

sustainable performance.

Metric: Extent of organizational policies, authorities, mechanisms, education, and business processes put in place.

Applicability: It is likely that all projects can benefit from a sustainability management plan. It would be difficult to demonstrate that the credit is 

not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

2. PLANNING



Envision Framework

Pre-Assessment Checklist

LD2.2 Plan for Sustainable Communities 16 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Was sustainability considered during project selection/identification? Yes

B Were alternative analyses conducted on sustainability performance during project identification? Yes

C
Was an assessment conducted of the project’s impacts to broader long-term community or regional 

sustainability?
Yes

D Is the project part of a comprehensive sustainable development plan? Yes

E Does the project address an inherently unsustainable condition within the community or region? Yes

Yes = 5 of 5

LD2.3 Plan for Long-Term Monitoring and Maintenance 12 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team considered how to reduce ongoing operational impacts? Yes

B
Is there a clear and comprehensive plan in place for long-term monitoring and maintenance of the 

completed project?
Yes

C Has the monitoring and maintenance plan been communicated with operations and maintenance staff? Yes

D
Have sufficient resources been allocated for long-term monitoring and maintenance of the completed 

project and appropriate training been conducted?
Yes

E Is there a plan in place to re-evaluate and modify the maintenance plan based on monitored data? Yes

Yes = 5 of 5

Intent: Incorporate sustainability principles into project selection/identification in order to develop the most sustainable project for the 

community.

Metric: The degree to which project selection/identification includes sustainability performance assessments and is part of a larger sustainable 

development plan.

Applicability: Consideration is given to the scope and scale of the project and whether it has the potential to more broadly impact community 

sustainability. For example, small projects that involve the retrofitting or refurbishment of components or systems within an existing facility may 

contribute to improved sustainability performance but may struggle to demonstrate an impact beyond the project site. Small projects that do not 

impact the broader community sustainability, and do not have the potential to impact community sustainability, may apply to have this credit 

deemed not applicable with supporting documentation.

Assessment Questions:

Assessment Questions:

Intent: Put in place plans, processes, and personnel sufficient to ensure that long-term sustainable protection, mitigation, and enhancement 

measures are incorporated into the project.

Metric: Comprehensiveness of long-term monitoring and maintenance plans, implementation goals, and commitment of resources to fund the 

activities.

Applicability: This credit is applicable to all projects that include ongoing monitoring and maintenance. In rare cases where projects do not 

include operation or maintenance activities, projects may apply to have this credit deemed not applicable with supporting documentation.



Envision Framework

Pre-Assessment Checklist

LD2.4 Plan for End-of-Life 2 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team developed an end-of-life plan? Yes

B
Has the project team evaluated opportunities to extend the project’s useful life or beneficially 

repurpose the project after end-of-life?
Yes

C Has the project team assessed potential social, environmental, and economic end-of-life impacts? No

D
Has the project team evaluated the costs and salvage value of the project’s deconstruction, 

decommissioning, or replacement?
No

E Has the project team proactively engaged stakeholders in end-of-life planning? No

Yes = 2 of 5

LD3.1 Stimulate Economic Prosperity and Development 3 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the project create a significant number of new jobs during its design, construction, and 

operation?
Yes

B Does the project provide new operating capacity for business, industry, or the public? Yes

C
Does the project provide additional access, increase the number of choices, and/or increase the 

quality of infrastructure services for business, industry, or the public?
No

D
Does the project improve community attractiveness for business, industry, or the public by generally 

improving the socioeconomic conditions of the community?
No

E Will the project stimulate economic prosperity and further economic development? No

Yes = 2 of 5

Intent: Ensure that the project team is informed by an understanding of the full impacts and costs of the project’s end-of-life.

Metric: The degree to which the project team analyzes, and communicates with stakeholders, the end-of-life impacts, cost, and value.

Applicability: It is likely that all projects can benefit from end-of-life planning. It would be difficult to demonstrate that the credit is not relevant or 

applicable to a project seeking an Envision award.

Assessment Questions:

3. ECONOMY

Assessment Questions:

Intent: Support economic prosperity and sustainable development, including job growth, capacity building, productivity, business attractiveness, 

and livability.

Metric: The extent of job creation, increased operating capacity, access, quality, and/or improved socioeconomic conditions.

Applicability: The scope of this credit is broad, covering commercial, industrial, cultural, and recreational aspects of community development. 

In determining whether this credit is applicable to a project assessment, it is likely that all projects have the ability to support and stimulate 

economic prosperity and sustainable development. It would therefore be difficult to demonstrate that the credit is not relevant or applicable to a 

project seeking an Envision award.



Envision Framework

Pre-Assessment Checklist

LD3.2 Develop Local Skills and Capabilities 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Will the project include training programs for local skill development? -

B
Has the project team identified skill or capability gaps in the local workforce and targeted training 

programs to address them? Select one of the following: 
2 No

None

C Will training, education, or skill development programs continue after project delivery? -

D
Will training and skill development programs specifically target economically depressed, 

underemployed, or disadvantaged communities?
-

Yes = -

LD3.3 Conduct a Life-Cycle Economic Evaluation 7 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has a life-cycle cost analysis been conducted to identify the financial impacts of the whole project? Yes

B
Have life-cycle cost analyses been used to compare alternatives for at least one major project 

component?
Yes

C
Has the project team mapped the social, environmental, and financial costs and benefits of the 

project?
No

D
Has a cost benefit analysis been conducted to identify the financial, social, and environmental impacts 

of the whole project?
No

E
Have cost benefit analyses, including financial, environmental, and social benefits, been used to 

compare the alternatives for at least one major project component?
No

Yes = 2 of 5

Metric: The comprehensiveness of the economic analyses used to determine the net impacts of the project, and their use in assessing 

alternatives to inform decision making.

Applicability: It would be difficult to demonstrate that this credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Expand the knowledge, skills, and capacity of the community workforce to improve their ability to grow and develop.

Metric: The inclusion of current and future training programs, informed by skill or capability gaps, and targeted to economically depressed or 

underemployed communities.

Applicability: For this credit, an alternative compliance path is provided in the Evaluation Criteria and Documentation Guidance for projects 

that are too small to include independent training and skill development. It is therefore unlikely that a project could demonstrate no opportunity 

for education at any point during its planning, design, or construction. When organizational-level training programs are referenced, project 

teams must demonstrate a relevance to the project.

Assessment Questions:

Intent: Utilize economic analyses to identify the full economic implications and the broader social and environmental benefits of the project.



Envision Rating System

Pre-Assessment Checklist

          Resource Allocation

RA1.1 Support Sustainable Procurement Practices 0 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team implemented a sustainable procurement policy or program? No

B
To what extent do materials, supplies, equipment, manufacturers, and suppliers meet sustainable 

procurement policy/program requirements? Select one of the following:
2 No

None

Yes = 0 of 2

RA1.2 Use Recycled Materials 0 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent has the project team used recycled materials, including materials with recycled content 

and/or reused existing structures or materials? Select one of the following:
2 No

None

Yes = 0 of 1

Assessment Questions:

1. MATERIALS

Intent: Develop sustainable procurement policies and programs to source materials and equipment from manufacturers and suppliers that 

implement sustainable practices.

Metric: The extent of sustainable procurement programs, and the percentage of materials sourced from manufacturers and/or suppliers that 

implement sustainable practices.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or operation.

Intent: Reduce the use of virgin natural resources and avoid sending useful materials to landfills by specifying reused materials, including 

structures, and material with recycled content.

Metric: Percentage of project materials that are reused or recycled. Plants, soil, rock, and water are not included in this credit.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or operation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

`

RA1.3 Reduce Operational Waste 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team developed a waste management plan to decrease project waste and divert waste 

from landfills during operation?
-

B
To what extent has the project team reduced waste or diverted waste from landfills? Select one of the 

following:
2 No

None

Yes = -

RA1.4 Reduce Construction Waste 0 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team developed a comprehensive waste management plan to decrease project waste 

and divert waste from landfills during construction?
No

B To what extent has construction waste been diverted from landfills? Select one of the following: 2 No

None

Yes = 0 of 2

Metric: Percentage of total waste diverted from disposal.

Intent: Reduce operational waste and divert waste streams from disposal to recycling and reuse.

Metric: Percentage of total operational waste or byproducts diverted from disposal.

Applicability: This credit is applicable to all projects that produce operational waste or byproducts. Projects that do not include any operational 

waste may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent: Divert construction and demolition waste streams from disposal to recycling and reuse.

Applicability: This credit is applicable to all projects that produce construction waste. Projects that do not include any construction waste may 

apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

RA1.5 Balance Earthwork On Site 0 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent has the project team designed the project to balance cut and fill to reduce the 

excavated material taken off site? Select one of the following:
2 No

None

Yes = 0 of 1

RA2.1 Reduce Operational Energy Consumption 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team determined the estimated annual energy consumption of the project during 

operations?
No

B To what extent has the project reduced operational energy consumption? Select one of the following: 2 No

None

Yes = -

Intent: Minimize the movement of soils and other excavated materials off site to reduce transportation and environmental impacts.

Metric: Percentage of excavated material retained on site or nearby.

Applicability: This credit is applicable to all projects that involve the excavation of qualifying earthwork. Projects that do not include any 

earthwork, or only involve the excavation of excluded material considered contaminated or hazardous, may apply to have this credit deemed 

not applicable with supporting documentation. In rare cases, where the amount of excavated soil is insignificant in comparison to the scale of 

the project, teams may apply to have this credit deemed not applicable with supporting documentation. However, the reviewer may exercise 

his/her discretion in determining what constitutes an insignificant quantity of excavated material in the context of the project.

Assessment Questions:

Intent: Conserve energy by reducing overall operational energy consumption throughout the project life.

Metric: Percentage of operational energy reductions achieved.

Applicability: This credit is applicable to all projects that consume energy during their operation. Projects that do not include operational 

energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of operational 

energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting 

documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of operational 

energy use in the context of the project.

Assessment Questions:

2. ENERGY



Envision Framework

Pre-Assessment Checklist

RA2.2 Reduce Construction Energy Consumption 0 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team conducted planning reviews to reduce energy consumption during construction? No

B
To what extent have energy conservation strategies been implemented during construction? 

(strategies are listed in the Envision Guidance Manual) Select one of the following: 
2 No

None

Yes = 0 of 2

RA2.3 Use Renewable Energy 0 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project meet electricity or fuel needs from renewable sources? Select one of 

the following: 
2 No

None

Yes = 0 of 1

Intent: Conserve resources and reduce greenhouse gases and air pollutant emissions by reducing energy consumption during construction.

Metric: The number of strategies implemented on the project during construction that reduce energy consumption and emissions.

Applicability: This credit is applicable to all projects that consume energy during construction. It would therefore be difficult to demonstrate that 

the credit is not relevant or applicable to a project seeking an Envision award. In rare cases, where the amount of energy used during 

construction is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting 

documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of construction 

energy use in the context of the project.

Assessment Questions:

Intent: Meet operational energy needs through renewable energy sources.

Metric: Extent to which renewable energy sources are incorporated.

Applicability: This credit is applicable to all projects that consume energy (fuel or electricity) during their operation. Projects that do not include 

operational energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of 

operational energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with 

supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of 

operational energy use in the context of the project.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

RA2.4 Commission and Monitor Energy Systems 0 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Does the design incorporate advanced integrated monitoring systems in order to enable more efficient 

operations? Select one of the following:
2 No

None

B To what extent has a commissioning been conducted? Select one of the following: 2 No

None

C Is there a plan for ongoing commissioning of the energy systems throughout the project’s life? No

Yes = 0 of 3

Assessment Questions:

Intent: Ensure efficient functioning and extend useful life by specifying commissioning and monitoring of energy systems.

Metric: The inclusion of monitoring equipment and software, the extent of commissioning, and the commissioning agent’s independence from 

the project.

Applicability: This credit is applicable to all projects that consume energy during their operation. Projects that do not include operational 

energy may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of operational 

energy use is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting 

documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of operational 

energy use in the context of the project.



Envision Framework

Pre-Assessment Checklist

RA3.1 Preserve Water Resources 12 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team conducted a watershed assessment? Yes

B Has the project team estimated the water usage and wastewater generation over the life of the project? Yes

C
Does the project include features to minimize the negative impacts of water usage, and/or watershed-

scale issues?
Yes

D
Does the project have a net-zero impact on the quantity and availability of fresh surface water and 

groundwater supplies without compromising water quality?
Yes

E Is the project part of a watershed-level or regional plan? Yes

F Does the project make a direct net-positive improvement to the watershed? Yes

Yes = 6 of 6

Metric: The extent to which the project considers and contributes to positively addressing broader watershed issues.

Applicability: This credit is applicable to all projects that consume water or impact receiving waters. Projects that do not include any impacts to 

water quantity or quality may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the impact to 

water quantity or quality is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable 

with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant impact to 

water quantity or quality use in the context of the project.

Assessment Questions:

Intent: Assess and reduce the negative net impact on fresh water availability, quantity, and quality at a watershed scale to positively impact the 

region’s water resources.



Envision Framework

Pre-Assessment Checklist

RA3.2 Reduce Operational Water Consumption 17 of 22 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team conducted planning and design reviews to identify potable water reduction 

strategies during operation of the project?
Yes

B To what extent has the project reduced potable water use? Select one of the following: D Yes

The project reduces potable water use by at least 95%.

C
To what extent has the project reduced overall water use (including potable and nonpotable water)? 

Select one of the following: 
C Yes

Overall water use (potable and nonpotable) is reduced by at least 40%.

D Does the project have a net positive impact on water use? No

Yes = 3 of 4

RA3.3 Reduce Construction Water Consumption 1 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team conducted planning reviews to reduce water consumption during construction? Yes

B
To what extent have water conservation strategies been implemented during construction? Select one 

of the following: 
A Yes

At least one (1) potable water conservation strategy is implemented.

Yes = 2 of 2

Intent: Reduce overall water consumption while encouraging the use of greywater, recycled water, and stormwater to meet water needs.

Applicability: This credit is applicable to all projects that consume water during construction. Projects that do not include any operational water 

consumption may apply to have this credit deemed not applicable with supporting documentation. In cases where the amount of water 

consumption during operations is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not 

applicable with supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an 

insignificant quantity of operational energy use in the context of the project.

Assessment Questions:

Metric: Percentage reduction in potable water use and overall water use.

Applicability: This credit is applicable to all projects that consume water during operations. Projects that do not include any operational water 

consumption may apply to have this credit deemed not applicable with supporting documentation. In rare cases, where the amount of water 

consumption is insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with 

supporting documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant quantity of 

operational water use in the context of the project.

Assessment Questions:

Intent: Reduce potable water consumption during construction.

Metric: The number of strategies implemented during construction that reduce potable water consumption.



Envision Framework

Pre-Assessment Checklist

RA3.4 Monitor Water Systems 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Does the design incorporate advanced integrated monitoring systems in order to improve 

performance? Select one of the following:
2 No

None

B Does the project include real-time water monitoring? -

Yes = -

Assessment Questions:

Intent: Improve operational performance by including monitoring capabilities.

Metric: Extent and capability of water monitoring equipment and inclusion of response plans.

Applicability: This credit is applicable to all projects that consume water during their operation or include the conveyance of large quantities of 

water. Projects that do not include operational water use or water conveyance may apply to have this credit deemed not applicable with 

supporting documentation. In rare cases, where the amount of operational water use, or conveyance, is insignificant in comparison to the scale 

of the project, teams may apply to have this credit deemed not applicable with supporting documentation. However, the reviewer may exercise 

his/her discretion in determining what constitutes an insignificant quantity of water use in the context of the project.



Envision Rating System

Pre-Assessment Checklist

          Natural World

NW1.1 Preserve Sites of High Ecological Value 16 of 22 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified whether the site contains areas of high ecological value? Yes

B
Has the project mitigated any areas of high ecological value that are disturbed? Select one of the 

following:
B Yes

Mitigation is on site or an adjacent contiguous parcel of equal or higher ecological value. Temporary 

impacts from construction activities do not decrease the capacity of preserved land.

C Does the project avoid developing or disturbing areas of high ecological value on site? Yes

D Does the project preserve an effective protective buffer zone around areas of high ecological value? Yes

E Was the project intentionally sited to avoid areas of high ecological value? Yes

F Does the project significantly increase the area of high ecological value? -

Yes = 5 of 6

1. SITING

Intent: Avoid placing the project and temporary works on a site that has been identified as being of high ecological value.

Metric: Avoidance of high ecological value sites and establishment of protective buffer zones.

Applicability: Projects that do not contain areas of high ecological value, and cannot demonstrate they actively avoided areas of high 

ecological value, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

NW1.2 Provide Wetland and Surface Water Buffers 5 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified wetlands and surface waters on or near the site? Yes

B
Has the project team determined the type and width of buffer zones necessary to protect wetlands and 

surface waters?
Yes

C
To what extent has the project implemented protective buffer zones around wetlands and surface 

waters? Select one of the following:
B Yes

The project provides a buffer of managed vegetated zones around all wetlands and surface waters. 

Managed zones may include grass. The buffer is of sufficient width to slow surface runoff, and trap 

sediments, pesticides, and other pollutants. Minimum width is 100 ft/30 m unless otherwise justified 

under criterion B.

D Was the project intentionally sited to avoid wetlands and surface waters? No

E
Will the project involve returning previously developed or disturbed sites within the buffer zone to a 

natural state?
No

Yes = 3 of 5

`

NW1.3 Preserve Prime Farmland 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A
Has the project team assessed the project site for soils identified as prime farmland, unique farmland, 

or farmland of importance?
-

B
To what extent will the project protect or preserve prime farmland, unique farmland, or farmland or 

importance? Select one of the following:
2 No

None

C
Has the project team mitigated any damage or disturbance to prime farmland, unique farmland, or 

farmland of importance?
-

D Was the project intentionally sited to avoid prime farmland? -

E Does the project preserve existing farmland for posterity or restore previously disturbed farmland? -

Yes = -

Intent: Identify and protect soils designated as prime farmland, unique farmland, or farmland of importance.

Intent: Protect, buffer, enhance, and restore wetlands, shorelines, and waterbodies by providing natural buffer zones, vegetation, and soil-

protection zones.

Metric: Type and quality of natural buffer zone established around all wetlands, shorelines, and waterbodies.

Applicability: Projects that do not contain wetlands or surface waters, and for which no siting options containing wetlands or surface waters 

were possible or seriously considered, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Metric: Percentage of farmland avoided or preserved during development.

Applicability: Projects that do not contain prime farmland, and for which no siting options containing prime farmland were possible or seriously 

considered, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

NW1.4 Preserve Undeveloped Land 0 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A To what extent is the project located on previously developed land? Select one of the following: 2 No

None

B
Has the project returned developed areas to a condition that supports natural open space, habitat, or 

natural hydrology?
-

Yes = 0 of 2

Intent: Conserve undeveloped land by locating projects on previously developed land.

Metric: Percentage of project development that is located on previously developed land.

Applicability: Assessment of this credit is determined by the extent to which the project is located on previously developed land or previously 

undeveloped land. As all land falls within these two classifications, it would be difficult to demonstrate that the credit is not applicable. Inability 

to locate the project on developed land is not sufficient justification to remove this credit from consideration.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

NW2.1 Reclaim Brownfields 0 of 0 Points

Yes/No

Is this credit applicable? No

Criteria Met?

A Is the project located on a site currently identified as a closed brownfield? -

B Is the project located on a site currently identified as an active brownfield? -

C To what extent has the project mitigated or remediated the site? Select one of the following: 2 No

None

D Has the brownfield site been closed or deregulated? -

Yes = -

Applicability: Project teams that were unable to identify a suitable site may apply to have this credit deemed not applicable with supporting 

documentation that efforts were made. If no evidence is provided that any consideration was given to locating the project on a brownfield, the 

credit is considered applicable and no points achieved.

Intent: Locate projects on sites classified as brownfields.

Metric: The extent of remediation of the brownfield site.

Assessment Questions:

2. CONSERVATION



Envision Framework

Pre-Assessment Checklist

NW2.2 Manage Stormwater 2 of 24 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project infiltrate, evapotranspirate, reuse, and/or treat stormwater on site? 

Select one of the following: 
A Yes

Detain and treat 100% of the 85th percentile local 24-hour event. Ensure compliance with local 

requirements if stricter.

B
To what extent does the completed project limit rate or quantity of runoff compared to existing 

conditions? Select one of the following: 
A Yes

Do not exceed rate or quantity of runoff for the 2-year 24-hour rainfall event relative to the existing 

condition (greenfield, greyfield, or brownfield).

C
Does the project include an erosion, sedimentation, and pollution control plan for all construction 

activities?
Yes

D
Does the project treat stormwater from other sites or does it function as part of a larger stormwater 

management plan?
No

Yes = 3 of 4

NW2.3 Reduce Pesticide and Fertilizer Impacts 9 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Have operational policies and programs been put in place to control the application of fertilizers and 

pesticides?
Yes

B Have runoff controls been put in place to minimize contamination of groundwater and surface water? Yes

C
To what extent has the project team designed landscaping to require fewer pesticides and fertilizers? 

Select one of the following: 
B Yes

Landscaping is designed with plant species that do not require pesticides or fertilizers.

D
Has the project team selected pesticides and fertilizers that have lower toxicity, persistence, and 

bioavailability?
No

Yes = 3 of 4

Intent: Minimize the impact of development on stormwater runoff quantity, rate, and quality.

Metric: Degree to which the project infiltrates, evapotranspirates, reuses, and/or treats stormwater while not exceeding rate or quantity runoff 

targets.

Applicability: This credit is applicable to all projects that impact stormwater runoff. In rare cases, where the impact on stormwater runoff is 

insignificant in comparison to the scale of the project, teams may apply to have this credit deemed not applicable with supporting 

documentation. However, the reviewer may exercise his/her discretion in determining what constitutes an insignificant impact on stormwater 

runoff in the context of the project.

Assessment Questions:

Intent: Reduce non-point-source pollution by reducing the quantity, toxicity, bioavailability, and persistence of pesticides and fertilizers .

Metric: Reductions in quantity, toxicity, bioavailability, and persistence of pesticides and fertilizers used on site, selection of plant species, and 

use of integrated pest management techniques.

Applicability: Consideration is given as to whether the scope of the project includes exterior vegetated areas. Projects that do not include 

exterior vegetated areas may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

NW2.4 Protect Surface and Groundwater Quality 2 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has project team determined the potential for surface water and/or groundwater contamination during 

construction and operations?
Yes

B
Does the project include spill and leak prevention and response plans, and avoid creating new 

pathways for contamination during construction and operations?
Yes

C
Based on the types of impacts identified in criterion A, does the project reduces the risk of quality 

degradation to surface water and/or groundwater? This should include water temperature.
No

D
Have adequate and responsive surface water and/or groundwater quality monitoring and reporting 

systems been incorporated into the project?
No

E
Has the project actively eliminated at least one source of hazardous and/or potentially polluting 

substances, or replaced them with nonhazardous or nonpolluting substances or materials?
No

F Does the project improve surface water and/or groundwater quality? No

Yes = 2 of 6

Intent: Preserve water resources by preventing pollutants from contaminating surface water and groundwater and monitoring impacts during 

construction and operations.

Metric: Designs, plans, and programs instituted to prevent and monitor surface water and groundwater contamination during construction and 

operations.

Applicability: This credit is applicable to all projects that contain or use hazardous and/or potentially polluting substances with the potential to 

contaminate water sources. In addition to chemical use, project teams should consider how chemical leaching from materials may be a source 

of contamination.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

NW3.1 Enhance Functional Habitats 2 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified existing terrestrial habitats and sited the project to minimize impact? Yes

B
Does the project mitigate all disturbances to functional terrestrial (land) habitats? Select one of the 

following:
A Yes

Mitigation measures ensure that existing habitat functions as defined in criteria C, D, and E are 

maintained (i.e., not degraded or lost). Mitigation must occur on or adjacent to the site and follow a 

hierarchy that prioritizes avoidance, minimization, restoration, and compensation.

C Does the project increase the quantity of terrestrial habitat? No

D Does the project improve the quality of any existing or proposed new terrestrial habitat? No

E
Does the project facilitate movement between terrestrial habitats, provide new connections, or remove 

barriers, in order to improve habitat connectivity?
No

F
Does the project return developed land to natural habitat, or set aside existing habitat for permanent 

conservation and protection?
No

Yes = 2 of 6

Intent: Preserve and improve the functionality of terrestrial (land) habitats.

Metric: The number of habitat functions addressed in order to preserve or enhance the net area and quality of functional habitat.

Applicability: Consideration is given to whether the project contains or impacts natural habitat. Projects that do not contain or impact natural 

habitat may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

2. ECOLOGY



Envision Framework

Pre-Assessment Checklist

NW3.2 Enhance Wetland and Surface Water Functions 12 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified impacts to wetland and surface water functions? Yes

B
Does the project minimize and mitigate disturbance to wetland and surface water functions? Select 

one of the following:
A Yes

Efforts are made to avoid and minimize negative impacts to wetland and surface water functions and 

to compensate for remaining unavoidable losses. Mitigation measures must maintain net aquatic 

habitat quality and quantity and follow a hierarchy that prioritizes avoidance, minimization, restoration, 

and compensation

C Does the project protect or restore hydrologic connection? Yes

D Does the project protect or restore water quality? Yes

E Does the project protect or restore aquatic habitat? Yes

F(1) Does the project protect sediment transport and reduce sedimentation? Yes

F(2)
In addition to protecting all existing wetland and surface water functions, can the project demonstrate it 

has restored at least one previously degraded wetlands and/or surface water function?
No

Yes = 6 of 7

Intent: Maintain and restore the ecosystem functions of streams, wetlands, waterbodies, and their riparian areas.

Applicability: Consideration is given to whether the project contains or impacts wetlands or surface waters. This includes direct, indirect, 

and/or cumulative impacts. Projects that do not contain or impact natural wetlands or surface waters may apply to have this credit deemed not 

applicable with supporting documentation

Assessment Questions:

Metric: Number of functions maintained and restored.



Envision Framework

Pre-Assessment Checklist

NW3.3 Maintain Floodplain Functions 11 of 14 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team identified the 100-year or design frequency floodplain in relation to the project 

location?
Yes

B
To what extent does the project preserve vegetated zones within the floodplain? Select one of the 

following: 
D Yes

The project site maintains a net quantity of 100% of natural/vegetated area within the floodplain.

C Does the project mitigate impacts to floodplain functions? Yes

D Was the project intentionally sited to avoid floodplains? Yes

E
Does the project remove structures from the floodplain or return previously developed areas to a 

vegetated state?
No

Yes = 4 of 5

NW3.4 Control Invasive Species 2 of 12 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project avoid introducing invasive species to the site? Yes

B Has the project team conducted a site assessment to determine if invasive species are present? Yes

C
Does the project implement controls for existing infestations of invasive species before, during and 

post-construction?
No

D
Does the project guard against future infestations by supporting the establishment of native and/or 

noninvasive species?
No

E Does the project provide long-term controls to prevent the reintroduction of invasive species? No

F
Does the project include the ongoing control, suppression, or containment of major infestations of 

invasive species after construction?
No

Yes = 2 of 6

Intent: Preserve floodplain functions by limiting development and impacts of development in the floodplain.

Metric: Efforts to avoid floodplains or maintain natural-acting floodplain functions.

Assessment Questions:

Applicability: Projects that are not within the floodplain and do not impact floodplain functions, may apply to have this credit deemed not 

applicable with supporting documentation. Some projects that are not directly within the floodplain may still have an impact on flooding and 

floodplain functions through their handling of stormwater runoff. These projects may also pursue achievement in this credit if they can 

demonstrate a direct connection to the floodplain. There are strong links between this credit and NW2.2 Manage Stormwater, and some project 

components and strategies may apply to both credits.

Assessment Questions:

Intent: Use appropriate noninvasive species, and control or eliminate existing invasive species.

Metric: Degree to which invasive species have been reduced or eliminated.

Applicability: This credit is applicable to all projects with sites that contain invasive species. Project teams that conduct site investigations and 

do not identify existing invasive species may apply to have this credit deemed not applicable with supporting documentation.



Envision Framework

Pre-Assessment Checklist

NW3.5 Protect Soil Health 3 of 8 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team limited the area that is disturbed by development activities? Yes

B
Have vegetated areas disturbed by development activities been restored for appropriate soil type, 

structure, and function to support healthy plant and tree growth?
Yes

C Has the project team implemented a soil protection plan or policies? Select one of the following: 2 No

None

D
Has the project restored appropriate soil type, structure, and function to vegetated areas disturbed by 

previous development?
No

Yes = 2 of 4

Assessment Questions:

Intent: Preserve the composition, structure and function of site soils.

Metric: Degree to which the disruption of soil health has been minimized and restored.

Applicability: This credit is applicable to all projects that impact soils during construction. Projects that do not impact soil (e.g. the internal 

refurbishment of an existing facility) may apply to have this credit deemed not applicable with supporting documentation.



Envision Rating System

Pre-Assessment Checklist

          Climate And Resilience

CR1.1 Reduce Net Embodied Carbon 0 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team determined materials that are the primary contributors to embodied carbon for the 

project during construction and operation?
No

B Has the project team calculated the primary contributors to overall embodied carbon? No

C
To what extent does the project reduce the net embodied carbon of materials used in construction and 

operation? Select one of the following:
2 No

None

Yes = 0 of 3

CR1.2 Reduce Greenhouse Gas Emissions 0 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project reduce greenhouse gas emissions during its operational life? Select 

one of the following:
2 No

None

B Has the project team calculated and reported the annual greenhouse gas emissions of the project? No

Yes = 0 of 2

`

Assessment Questions:

1. Emissions

Intent: Reduce the impacts of material extraction, refinement/manufacture, and transport over the project life.

Metric: Percentage of reduction in net embodied carbon of materials.

Applicability: This credit is applicable to all projects that include the use or consumption of physical materials in construction or operation.

Intent: Reduce greenhouse gas emissions during the operation of the project, reducing project contribution to climate change.

Metric: Percentage of reduction in operational greenhouse gas emissions.

Applicability: This credit is applicable to all projects that consume energy, fuel, or otherwise produce greenhouse gas emissions during their 

operation. Projects that do not include greenhouse gas emissions during operations may apply to have this credit deemed not applicable with 

supporting documentation. However, projects that do not produce greenhouse gas emissions because of intentional planning decisions may 

apply for the Conserving level with supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

CR1.3 Reduce Air Pollutant Emissions 0 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project meet all relevant minimum air quality standards and regulations? No

B
To what extent does the project reduce air pollutant emissions during operations? Select one of the 

following:
2 No

None

C Does the project include the ongoing monitoring and management of direct air pollutant emissions? No

D
Has the project team assessed the materiality of volatile organic compounds to the health of 

construction workers and the project operators?
No

E Does the project remove existing air pollutant sources? No

Yes = 0 of 5

Intent: Reduce emissions of air pollutants: particulate matter (including dust), ground-level ozone, carbon monoxide, sulfur oxides, nitrogen 

oxides, lead, and volatile organic compounds.

Metric: Reduction of air pollutants compared to baseline.

Applicability: This credit is applicable to all projects that directly produce any of the criteria pollutants. Projects that do not include air pollutant 

emissions may apply to have this credit deemed not applicable with supporting documentation. However, projects that do not produce air 

pollutant emissions because of intentional planning decisions to choose non-polluting alternatives may apply for the Conserving level with 

supporting documentation.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

CR2.1 Avoid Unsuitable Development 12 of 16 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team identified potential siting hazards, the vulnerability of the project to the hazard, 

and the potential for the project to exacerbate the hazard?
Yes

B
Can the project team demonstrate that siting and project alternatives were seriously considered in 

order to minimize exposure to risk?
Yes

C Has the project team implemented strategies to mitigate the impact of site hazards? Yes

D
Can the project team demonstrate that the chosen project and site resulted in the lowest exposure to 

site hazards while still meeting project requirements?
Yes

E Was the site chosen to intentionally avoid known site hazards? Yes

F Does the project remove or modify structures subject to frequent damage? No

Yes = 5 of 6

CR2.2 Assess Climate Change Vulnerability 14 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team determined climate change threats to the project and its surroundings? Yes

B Has the project team determined the vulnerability of the project to climate change threats? Yes

C
Has the project team determined the vulnerability of the infrastructure system to climate change 

threats?
Yes

D Has the project team determined the vulnerability of the community to climate change threats? No

E Has the project team or owner shared their climate threat findings? No

Yes = 3 of 5

Metric: The degree to which the project is designed and/or sited to avoid or mitigate site-related risks.

Intent: Minimize or avoid development on sites prone to hazards.

2. RESILIENCE

Applicability: Projects that are not located within regions at risk of site hazards, and therefore cannot demonstrate they actively avoided site 

hazards, may apply to have this credit deemed not applicable with supporting documentation.

Assessment Questions:

Intent: Develop a comprehensive climate change vulnerability assessment.

Metric: Scope and comprehensiveness of climate change vulnerability assessment.

Applicability: This credit is applicable to all projects potentially impacted by climate change, which is the vast majority of infrastructure.

Assessment Questions:



Envision Framework

Pre-Assessment Checklist

CR2.3 Evaluate Risk and Resilience 24 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
To what extent does the project team’s risk assessment include the project, infrastructure system, and 

community? Select one of the following: 
C Yes

The project team draws the assessment boundary for subsequent criteria (B, C, D, and E) around the 

interdependencies of the project, its associated/connected infrastructure system/network, and the 

broader community.

B
Has the project team identified the critical functions and dependencies of the infrastructure asset and 

its primary components?
Yes

C Has the project team identified the threats or hazards to the project and its surroundings? Yes

D
Has the project team identified the vulnerabilities of the critical functions and dependencies of the 

infrastructure asset?
Yes

E
Has the project team evaluated risks by determining the probability of a threat or hazard occurring and 

the associated impacts?
Yes

F
Did the risk evaluation conducted by the project include the participation of the owner and a diverse 

and integrated team of key stakeholders?
No

Yes = 5 of 6

CR2.4 Establish Resilience Goals and Strategies 20 of 20 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Has the project team identified the project performance goals and risk appetite of the owner? Yes

B
Has the project team developed risk management strategies based on a comprehensive risk 

evaluation?
Yes

C Have key stakeholders been engaged in developing resilience goals? Yes

D
Is the project part of, or does it support, larger community resilience or climate change adaptation 

goals?
Yes

Yes = 4 of 4

Assessment Questions:

Intent: Conduct a comprehensive, multihazard risk and resilience evaluation.

Metric: Scope and comprehensiveness of the multihazard risk and resilience evaluation.

Assessment Questions:

Intent: To support increased project and community resilience through the establishment of clear objectives and goals.

Metric: The degree to which resilience goals expand from initial commitments to quantifiable project objectives, long-term operating plans, and 

community-wide development plans.

Applicability: All projects that are exposed to risks would benefit from establishing resilience goals and strategies. It would therefore be difficult 

to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.

Applicability: It is likely that all projects would benefit from a thorough investigation of potential risks. It would, therefore, be difficult to 

demonstrate that the credit is not relevant or applicable to a project seeking an Envision award. Risks are not always major catastrophic events; 

small and large projects alike may consider how crime/vandalism or personal injury are also potential risks with associated impacts.



Envision Framework

Pre-Assessment Checklist

CR2.5 Maximize Resilience 20 of 26 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A
Has the project team developed resilience goals and strategies based on a comprehensive risk 

evaluation?
Yes

B
Has the project team implemented resilience strategies sufficient to address major project risks and 

improve project resilience?
Yes

C
Has the project team periodically monitored the implementation of project resilience strategies and 

reviewed their continued effectiveness throughout project delivery?
Yes

D
Will resilience goals and strategies be incorporated into the ongoing operations and maintenance of 

the project?
Yes

E Does the project include methods for measuring or quantifying resilience performance targets? No

Yes = 4 of 5

CR2.6 Improve Infrastructure Integration 18 of 18 Points

Yes/No

Is this credit applicable? Yes

Criteria Met?

A Does the project increase internal systems integration? Yes

B Will the infrastructure integration reduce the risk of systemic or cascading failures? Yes

C Does the project increase external systems integration? Yes

D Does the project integrate infrastructure networks? Yes

E Does the project integrate data or monitoring systems in order to improve performance? Yes

Yes = 5 of 5

Assessment Questions:

Intent: Increase resilience, life-cycle system performance, and the ability to withstand hazards by maximizing durability.

Metric: The degree to which the project incorporates elements that increase durability, the ability to withstand hazards, and extend useful life.

Applicability: All projects that are exposed to risks would benefit from increased resilience. It would therefore be difficult to demonstrate that 

the credit is not relevant or applicable to a project seeking an Envision award.

Assessment Questions:

Intent: Enhance the operational relationships and strengthen the functional integration of the project into connected, efficient, and diverse 

infrastructure systems.

Metric: The degree to which the project is integrated into other connected systems, where beneficial and appropriate, in order to increase 

resilience and systems performance.

Applicability: It is likely that all infrastructure would, and should, benefit from the application of an integrated systems approach. It would 

therefore be difficult to demonstrate that the credit is not relevant or applicable to a project seeking an Envision award.
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Appendix F: Conceptual Drawings  
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Appendix G: Detailed Opinion of Probable Construction 
Cost 



Memorandum

Date:  August 8, 2022 

To:  Chris Wilson, Virginia Beach 

From: Breeze Walter, Cincinnati, Yadiel Rodriguez, Atlanta 

Reviewed by: William Agster, Denver 

Copy to:  Ryan Foshay, Virginia Beach 

Project No.: 157943-340-**** 

Subject:  Wilroy PRS and Tank 

BODR Design Completion 

Basis of Estimate of Probable Construction Cost 

The Basis of Estimate Report and supporting estimate reports for the subject project are attached.  Please 

call me if you have questions or need additional information. 

Enclosures (3): 

1. Basis of Estimate Report

2. Summary Estimate

3. Detailed Estimate
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BOE HRSD Wilroy BODR 08Aug2022 

Basis of Estimate Report 

Wilroy PRS and Tank 

Introduction 

Brown and Caldwell (BC) is pleased to present this opinion of probable construction cost (estimate) prepared 

for the Wilroy PRS and Tank, HRSD Suffolk, VA. 

Estimated Project Costs 

Based on the typical accuracy of a Class 4 estimate, the expected range of costs is: 

Upper Range Estimated Cost Lower Range 

+50% -30%

$72,598,551 $48,399,034 $33,879,324 

Summary 

This Basis of Estimate contains the following information: 

• Scope of work

• Background of this estimate

• Class of estimate

• Estimating methodology

• Direct cost development

• Indirect cost development

• Bidding assumptions

• Estimating assumptions

• Estimating exclusions

• Allowances for known but undefined work

• Contractor and other estimate markups

Scope of Work 

Scope of work for the project includes: 

• New (1) Pressure Reducing Station (PRS) (pump station) with 80 ft of assistance and approximately

21 MGD capacity which will include new facilities building which will house the new pumps, motors,

valves, piping, sump pumps, electrical room with all new equipment, HVAC, back-up generator,

bathroom for operators.

• (1) 3 million gallons (MG) prestressed Offline Storage tank, tank cleaning mechanisms, discharge

pumps, valving, and piping.
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• The new PRS and storage tank will be constructed on a newly acquired property along Wilroy Road in

Suffolk, VA.

• The first 10 feet depth of soil is not usable as foundation base.   Over excavation for the pump

station and tank foundations will be necessary and include structural backfill prior to foundation

placement.

• Option 1 Architectural Design 1 has been included in the estimate.

• This is a CMAR project and the fee for the CMAR is included in the cost estimate.

• The fee for construction administration and constriction inspections is included in the estimate.

Background of this Estimate 

The attached estimate of probable construction cost is based on documents dated July 2022, received by 

the Estimating and Scheduling Group (ESG).  These documents are described as 5 percent complete based 

on the current project progression, additional or updated scope and/or quantities, and ongoing discussions 

with the project team. Further information can be found in the detailed estimate reports. 

Class of Estimate 

In accordance with the Association for the Advancement of Cost Engineering International (AACE) criteria, 

this is a Class 4 estimate.  A Class 4 estimate is defined as a Planning Level or Design Technical Feasibility 

Estimate.  Typically, engineering is from 1 to 15 percent complete. Class 4 estimates are used to prepare 

planning level cost scopes or to evaluate alternatives in design conditions and form the base work for the 

Class 3 Project Budget or Funding Estimate. 

Expected accuracy for Class 4 estimates typically range from -30 to +50 percent, depending on the 

technological complexity of the project, appropriate reference information and the inclusion of an 

appropriate contingency determination.  In unusual circumstances, ranges could exceed those shown. 

Estimating Methodology 

This estimate was prepared using quantity take-offs, vendor quotes and equipment pricing furnished either 

by the project team or by the estimator.  The estimate includes direct labor costs and anticipated 

productivity adjustments to labor and equipment. Where possible, estimates for work anticipated to be 

performed by specialty subcontractors have been identified.  

Construction labor crew and equipment hours were calculated from production rates contained in 

documents and electronic databases published by R.S. Means, Mechanical Contractors Association (MCA), 

National Electrical Contractors Association (NECA), and Rental Rate Blue Book for Construction Equipment 

(Blue Book).   

This estimate was prepared using BC’s estimating system, which consists of Sage Construction and Real 

Estate 300 estimating software engine (formerly Timberline) using RS Means database, historical project 

data, the latest vendor and material cost information, and other costs specific to the project location. 

Electrical estimates are performed using ConEst Intellibid electrical estimating software with database 

provided by Trade Services.  The final number from the electrical estimate will be included in the Sage 

estimate, usually as an “electrical subcontract” number.  Clients will be provided the detailed electrical 

estimate along with the Sage estimate in their deliverable.   
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Direct Cost Development 

Costs associated with the General Provisions and the Special Provisions of the construction documents, 

which are collectively referred to as Contractor General Conditions (CGC), were based on the estimator’s 

interpretation of the contract documents.  The estimates for CGCs are divided into two groups: a time-related 

group (e.g., field personnel) and non-time-related group (e.g., bonds and insurance).  Labor burdens such as 

health and welfare, vacation, union benefits, payroll taxes, and worker’s compensation insurance are 

included in the labor rates.  No trade discounts were considered. 

Indirect Cost Development 

This project is tax exempt. A percentage allowance for contractor’s home office expense has been included 

in the overall rate markups.  The rate is standard for this type of heavy construction and is based on typical 

percentages outlined in Means Heavy Construction Cost Data. 

The contractor’s cost for builder’s risk, general liability and vehicle insurance has been included in this 

estimate.  Based on historical data, this is typically two to four percent of the overall construction contract 

amount.  These indirect costs have been included in this estimate as a percentage of the gross cost and are 

added after the net markups have been applied to the appropriate items. 

Bidding Assumptions 
The following bidding assumptions were considered in the development of this estimate. 

1. Bidders must hold a valid, current Contractor’s credentials, applicable to the type of project.

2. Bidders will develop estimates with a competitive approach to material pricing and labor productivity,

and will not include allowances for changes, extra work, unforeseen conditions or any other unplanned

costs.

3. Estimated costs are based on a minimum of four bidders.  Actual bid prices may increase for fewer

bidders or decrease for a greater number of bidders.

4. Bidders will account for General Provisions and Special Provisions of the contract documents and will

perform all work except that which will be performed by traditional specialty subcontractors as identified

here:

− Electrical

− HVAC systems

− Precast Tank

Estimating Assumptions 

As the design progresses through different completion stages, it is customary for the estimator to make 

assumptions to account for details that may not be evident from the documents.  The following assumptions 

were used in the development of this estimate. 

1. The takeoff for the electrical is based on a BODR.

2. The electrical proposal is made following the National Electrical Code (NEC).

3. The electrical prices are not based on hard quotes.

4. Security system is not included in electrical estimate.

5. Light fixtures are based on OSHA lumens per sq ft.

6. Dominion Energy (DE) is providing the following items:
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a. Main transformer
b. Primary service feeder
c. Perform the secondary termination on the main transformer

7. Soils are of adequate nature to support the structures. Over excavation is required with structural

backfill. No piles have been included in this estimate.

8. Contractor performs the work during normal daylight hours, nominally 7 a.m. to 5 p.m., Monday through

Friday, in an 8-hour shift.  No allowance has been made for additional shift work or weekend work.

9. Contractor has complete access for lay-down areas and mobile equipment.

10. Equipment rental rates are based on verifiable pricing from the local project area rental yards, Blue

Book rates, and/or rates contained in the estimating database.

11. Contractor markup is based on conventionally accepted values that have been adjusted for project-area

economic factors.

12. Major equipment costs are based on vendor supplied price quotes obtained by the project design team

and/or estimators and on historical pricing of like equipment.

13. Process equipment vendor training using vendors’ standard Operations and Maintenance (O&M)

material is included in the purchase price of major equipment items where so stated in that quotation.

14. Bulk material quantities are based on manual quantity take-offs.

15. There is enough electrical power to feed the specified equipment.  The local power company will supply

power and transformers suitable for this facility.

Estimating Exclusions 

The following estimating exclusions were assumed in the development of this estimate. 

1. Hazardous materials remediation and/or disposal.

2. O&M costs for the project except for the vendor supplied O&M manuals.

3. Utility agency costs for incoming power modifications.

4. Permits beyond those normally needed for the type of project and project conditions.

5. Impacts from COVID-19 including additional labor and management hours required to meet social

distancing, personal protection, and cleaning routines, additional costs of protective equipment, supply

chain impacts, and material shortages.

Allowances for Known but Undefined Work 

The following allowances were made in the development of this estimate. 

1. Arc Flash & Short circuit studies $49,187.

2. PLC & programming $232,272.

3. Instrumentation $75,862.

4. Temporary power $91,043.

5. Plumbing $10,000

6. HVCV $5.00/SF

7. Odor Control Equipment $266,400
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Contractor and Other Estimate Markups 

Contractor markup is based on conventionally accepted values which have been adjusted for project-area 

economic factors.  Estimate markups are shown in Table 1.  

Table 1.  Estimate Markups 

Item Rate (%) 

Net Cost Markups 

Labor markup 15 

Materials and process equipment 10 

Equipment (construction-related) 10 

2022 Diesel Fuel Adjustment 6 

Subcontractor 10 

Other – Process Equipment  8 

Sales Tax – Tax Exempt 0 

Material Shipping and Handling 2 

Gross Cost Markups 

Contractor General Conditions 15 

Start-up, Training and O&M 2 

Undesign/ Undeveloped Construction Contingency 20 

Unknown Market Conditions 10 

Builders Risk, Liability and Auto Insurance 2 

Performance and Payment Bonds 1.5 

CMAR Fee 10 

Escalation to Midpoint of Construction 15.66 

BC CACI Fee 10 

Labor Markup 

The labor rates used in the estimate were derived from RS Means latest national average wage rate tables 

and city cost indexes.  These include base rate paid to the laborer plus fringes.  A labor burden factor is 

applied to these such that the final rates include all employer paid taxes.  These taxes are FICA (which 

covers social security plus Medicare), Workers Comp (which varies based on state, employer experience and 

history) and unemployment insurance.  The result is fully loaded labor rates.  In addition to the fully loaded 

labor rate, an overhead and profit markup is applied at the back end of the estimate. This covers payroll and 

accounting, estimator’s wages, home office rent, advertising and owner profit. 

Materials and Process Equipment Markup 

This markup consists of the additional cost to the contractor beyond the raw dollar amount for material and 

process equipment.  This includes shop drawing preparation, submittal and/or re-submittal cost, purchasing 
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and scheduling materials and equipment, accounting charges including invoicing and payment, inspection of 

received goods, receiving, storage, overhead and profit. 

Equipment (Construction) Markup 

This markup consists of the costs associated with operating the construction equipment used in the project.  

Most GCs will rent rather than own the equipment and then charge each project for its equipment cost.  The 

equipment rental cost does not include fuel, delivery and pick-up charges, additional insurance 

requirements on rental equipment, accounting costs related to home office receiving invoices and payment.  

However, the crew rates used in the estimate do account for the equipment rental cost.  Occasionally, larger 

contractors will have some or all the equipment needed for the job, but to recoup their initial purchasing cost 

they will charge the project an internal rate for equipment use which is like the rental cost of equipment.  

The GC will apply an overhead and profit percentage to each individual piece of equipment whether rented 

or owned. 

To address the significant increase in fuel pricing from early 2022 to the date of this estimate, a 6% Diesel 

Fuel Adjustment markup is applied in addition to the standard equipment markup. 

Subcontractor Markup 

This markup consists of the GC’s costs for subcontractors who perform work on the site.  This includes costs 

associated with shop drawings, review of subcontractor’s submittals, scheduling of subcontractor work, 

inspections, processing of payment requests, home office accounting, and overhead and profit on 

subcontracts. 

Sales Tax (Materials, Process Equipment and Construction Equipment) 

This project is tax exempt.  

Contractor Startup, Training, and O&M Manuals 

This cost markup is often confused with either vendor startup or owner startup.  It is the cost the GC incurs 

on the project beyond the vendor startup and owner startup costs.  The GC generally will have project 

personnel assigned to facilitate the installation, testing, startup and O&M manual preparation for equipment 

that is put into operation by either the vendor or owner.  These project personnel often include an 

electrician, pipe fitter or millwright, and/or I&E technician.  These personnel are not included in the basic 

crew makeup to install the equipment but are there to assist and troubleshoot the startup and proper 

running of the equipment.  The GC also incurs a cost for startup for such things as consumables (oil, fuel, 

filters, etc.), startup drawings and schedules, startup meetings and coordination with the plant personnel in 

other areas of the plant operation.  

Builders Risk, Liability, and Vehicle Insurance 

This percentage comprises all three items.  There are many factors which make up this percentage, 

including the contractor’s track record for claims in each of the categories.  Another factor affecting 

insurance rates has been a dramatic price increase across the country over the past several years due to 

domestic and foreign influences.  Consequently, in the construction industry we have observed a range of 

0.5 to 1 percent for Builders Risk Insurance, 1 to 1.25 percent for General Liability Insurance, and 0.85 to 

1 percent for Vehicle Insurance.  Many factors affect each area of insurance, including project complexity 

and contractor’s requirements and history.  Instead of using numbers from a select few contractors, we 

believe it is more prudent to use a combined 2 percent to better reflect the general costs across the country. 

Consequently, the actual cost could be higher or lower based on the bidder, region, insurance climate, and 

the contractor’s insurability at the time the project is bid. 
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Material Shipping and Handling 

This can range from 2 to 6 percent, and is based on the type of project, material makeup of the project, and 

the region and location of the project.  Material shipping and handling covers delivery costs from vendors, 

unloading costs (and in some instances loading and shipment back to vendors for rebuilt equipment), site 

paperwork, and inspection of materials prior to unloading at the project site.  BC typically adjusts this 

percentage by the amount of materials and whether vendors have included shipping costs in the quotes that 

were used to prepare the estimate.  This cost also includes the GC’s cost to obtain local supplies, e.g., oil, 

gaskets and bolts that may be missing from the equipment or materials shipped. 

Escalation to Midpoint for Labor, Materials and Subcontractors 

In addition to contingency, it is customary for projects that will be built over several years to include an 

escalation to midpoint of anticipated construction to account for the future escalation of labor, material and 

equipment costs beyond values at the time the estimate is prepared.  For this project, the anticipated rate of 

escalation is 6 percent per annum. 

The estimated construction time for this project is 24 months, exclusive of unusual weather or site 

conditions delays.  Construction is anticipated to start January 2024 and be completed by January 2026.  

The escalation factors used in this estimate are calculated from the date of this estimate to the anticipated 

midpoint of construction which is approximately 29.2 months from the date of this estimate. 

Undesigned/Undeveloped Contingency 

The contingency factor covers unforeseen conditions, area economic factors, and general project complexity. 

This contingency is used to account for those factors that cannot be addressed in each of the labor and/or 

material installation costs.  Based on industry standards, completeness of the project documents, project 

complexity, the current design stage and area factors, construction contingency can range from 10 to 

50 percent.   

Performance and Payment Bonds 

Based on historical and industry data, this can range from 0.75 to 3 percent of the project total.  There are 

several contributing factors including such items as size of the project, regional costs, contractor’s historical 

record on similar projects, complexity and current bonding limits.  BC uses 1.5 percent for bonds, which we 

have determined to be reasonable for most heavy construction projects. 
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Phase Item Description Quantity Labor
Amount

Material
Amount

Equip
Amount

Sub
Amount

Other
Amount

Grand Total
Cost/Unit

Gross Total
Costs

01 Total01 Total
01.0 Sitework01.0 Sitework

03330 OC Foundation Slab 240.0 cy 3,962 11,516 113 73.27 /cy 17,58503330 OC Foundation Slab
31240 Dewatering Systems PS 4.0 mo 250,806 372,963 179,637.11 /mo 721,06331240 Dewatering Systems PS
31240 Dewatering Systems Tank 5.0 mo 310,774 430,534 170,747.38 /mo 856,81031240 Dewatering Systems Tank
31250 Shoring Systems PS 122' x 76'x 10' depth 32,320.0 sf 343,706 282,444 220,659 29.94 /sf 967,56431250 Shoring Systems PS 122' x 76'x 10' depth
31250 Shoring Systems Tank 140' diameter 10' depth 8,792.0 sf 93,498 76,833 60,026 29.94 /sf 263,20631250 Shoring Systems Tank 140' diameter 10' depth
31290 _Structure Excavation and Backfill  PS 5,600.0 cy 167,124 43,742 171,169 543,669 183.38 /cy 1,026,90331290 _Structure Excavation and Backfill  PS
31290 _Structure Excavation and Backfill Tank 7,593.3 cy 225,664 57,452 231,923 737,190 182.93 /cy 1,389,05631290 _Structure Excavation and Backfill Tank
32740 Asphaltic Paving & Sidewalks 18,416.0 sf 17,883 121,133 7,958 8.98 /sf 165,46532740 Asphaltic Paving & Sidewalks

01.0 Sitework 1,413,418 593,120 1,495,344 1,280,859 5,407,652

02.0 Yard Piping02.0 Yard Piping
33490 _Trench for Utilities 30" Piping 584.0 lf 50,815 36,378 46,942 127,568 498.99 /lf 291,40833490 _Trench for Utilities 30" Piping
33490 _Trench for Utilities 24" Line 1,000.0 lf 69,673 54,096 72,281 186,976 426.49 /lf 426,49233490 _Trench for Utilities 24" Line
40120 Piping DI Flanged 30" Yard Piping from Road to PS 314.0 lf 46,183 275,237 7,480 1,178.51 /lf 370,05340120 Piping DI Flanged 30" Yard Piping from Road to PS
40120 Piping DI Flanged 30" from PS to Tank 270.0 lf 41,560 290,128 6,412 1,408.05 /lf 380,17540120 Piping DI Flanged 30" from PS to Tank
40120 Piping DI Flanged 24" 1,000.0 lf 94,491 337,851 57 487.12 /lf 487,12440120 Piping DI Flanged 24" 
40120 Temp By Pass 30" 40.0 lf 15,210 845,221 1,107 24,135.57 /lf 965,42340120 Temp By Pass 30" 
40120 Temp By Pass 24" 20.0 lf 7,009 403,872 1,107 23,084.08 /lf 461,68240120 Temp By Pass 24" 

02.0 Yard Piping 324,942 2,242,785 135,386 314,544 3,382,357

03.1 Structural PS03.1 Structural PS
03330 PS Foundation Lower Level 122' x 76' x 2' Thick 686.8 cy 85,729 238,298 3,931 538.78 /cy 370,04203330 PS Foundation Lower Level 122' x 76' x 2' Thick
03330 PS Foundation Upper Level 122' x 16' x 2' Thick 144.6 cy 18,780 51,835 828 557.51 /cy 80,61303330 PS Foundation Upper Level 122' x 16' x 2' Thick
03345 _Concrete Walls Lower level 10' tall x 2' Thick 296.3 cy 80,164 99,357 3,243 699.40 /cy 207,23003345 _Concrete Walls Lower level 10' tall x 2' Thick
03345 _Concrete Walls Upper Level 1' thick x 25' Tall to 31' Tall 479.4 cy 217,111 165,587 6,403 923.14 /cy 442,56303345 _Concrete Walls Upper Level 1' thick x 25' Tall to 31' Tall
03355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 155.9 cy 40,554 105,884 2,206 1,076.32 /cy 167,78603355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 
03370 _Equipment Pad Generator 7.7 cy 1,047 2,361 42 505.94 /cy 3,89803370 _Equipment Pad Generator
03370 _Equipment Pads Electrical Equipment 4.4 cy 1,320 1,794 28 818.05 /cy 3,56003370 _Equipment Pads Electrical Equipment
04220 Interior Walls Upper Level 28' Tall 4,144.0 sf 54,097 51,515 450 29.06 /sf 120,43004220 Interior Walls Upper Level 28' Tall
05121 _Elevated Aluminum Platform, aluminum structure 1,370.0 sf 102,437 402,386 28,771 439.31 /sf 601,84805121 _Elevated Aluminum Platform, aluminum structure
05200 Steel Joists, Joist Girders and Trusses 92.7 ton 73,034 554,476 21,456 7,870.63 /ton 729,89105200 Steel Joists, Joist Girders and Trusses

03.1 Structural PS 674,273 1,673,492 67,358 2,727,860

03.2 Structural Tank03.2 Structural Tank
03330 Tank Foundation 4' Thck average 1,337.8 cy 149,070 433,292 4,251 494.60 /cy 661,64803330 Tank Foundation 4' Thck average
03345 _Concrete Wall - Dividing Wall 6.6 cy 3,154 2,428 129 979.71 /cy 6,49503345 _Concrete Wall - Dividing Wall
46999 Precast Tank 3MG 1.0 LS 2,259,000 2,439,720.00 /LS 2,439,72046999 Precast Tank 3MG 

03.2 Structural Tank 152,224 435,719 4,379 2,259,000 3,107,863

04.1 Architecture Design 104.1 Architecture Design 1
09999 Architecture Finishes - Tank 1.0 LS 356,380 384,890.40 /LS 384,89009999 Architecture Finishes - Tank
09999 Architectural Finishes - PRS 1.0 LS 743,768 803,269.44 /LS 803,26909999 Architectural Finishes - PRS
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Cost/Unit

Gross Total
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32999 Landscaping and Site Development 1.0 LS 76,116 82,205.28 /LS 82,20532999 Landscaping and Site Development
04.1 Architecture Design 1 1,176,264 1,270,365

05.0 HVAC, Plumbing05.0 HVAC, Plumbing
22999 Plumbing Allowance 1.0 LS 10,000 11,000.00 /LS 11,00022999 Plumbing Allowance
23999 HAVC Equipment 1.0 LS 11,190 26,990 803 44,028.51 /LS 44,02923999 HAVC Equipment
23999 Misc. HVAC Allowance 1.0 LS 46,360 50,996.00 /LS 50,99623999 Misc. HVAC Allowance

05.0 HVAC, Plumbing 11,190 26,990 803 56,360 106,025

06.0 Process Pipe06.0 Process Pipe
40120 Piping DI Flanged 30" in PS 211.0 lf 36,216 536,692 7,121 3,085.32 /lf 651,00340120 Piping DI Flanged 30" in PS
40120 Piping DI Flanged 16" in PS 63.0 lf 7,663 58,296 2,137 1,215.61 /lf 76,58440120 Piping DI Flanged 16" in PS
40120 Piping DI Flanged 20" in PS 80.0 lf 10,058 61,654 2,829 1,048.75 /lf 83,90040120 Piping DI Flanged 20" in PS
40120 Piping DI Flanged 10" and 8" in PS 120.0 lf 9,011 50,085 3,126 584.04 /lf 70,08540120 Piping DI Flanged 10" and 8" in PS
40120 Piping DI Flanged 16" and 12" in PS 170.0 lf 17,401 129,095 5,964 1,008.92 /lf 171,51740120 Piping DI Flanged 16" and 12" in PS

06.0 Process Pipe 80,350 835,823 21,177 1,053,089

07.0 Equipment07.0 Equipment
11999 Bridge Crane 1.0 LS 11,495 71,666 782 94,392.71 /LS 94,39311999 Bridge Crane
46999 Drain Pumps 1.0 LS 17,597 3,500 65,636 690,000 845,494.61 /LS 845,49546999 Drain Pumps
46999 OC Equipment Allowance 1.0 LS 7,032 120,000 6,168 149,641.42 /LS 149,64146999 OC Equipment Allowance
46999 Vac-Flush System 1.0 LS 265,680 286,934.40 /LS 286,93446999 Vac-Flush System

07.0 Equipment 36,124 195,166 72,586 955,680 1,376,463

08.0 Electrical and I&C08.0 Electrical and I&C
26002 _Electrical, Instrumentation, and Controls Subcontract 1.0 ls 3,158,362 3,474,197.82 /ls 3,474,19826002 _Electrical, Instrumentation, and Controls Subcontract

08.0 Electrical and I&C 3,158,362 3,474,198

01 Total 2,692,520 6,003,095 1,797,033 3,214,722 5,986,348 21,905,872
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Estimate Totals

Description Rate Hours Amount Totals
Labor 39,002 hrs 3,096,399

Material 6,723,466
Subcontract 3,536,194
Equipment 115,694 hrs 2,084,558

Other 6,465,256
21,905,873 21,905,873

Material Sales Tax - Exempt
Other - Process Eqp Sales Tax - Exempt

Net Markups 21,905,873
Contractor General Conditions 15.00 % 3,285,881

3,285,881 25,191,754
Start-Up, Training, O&M 2.00 % 503,835

503,835 25,695,589
Undesign/Undevelop Contingency 20.00 % 5,139,118

Unknown Market Condtions 10.00 % 2,569,559
7,708,677 33,404,266

Bldg Risk, Liability Auto Ins 2.00 % 668,085
668,085 34,072,351

Payment and Performance Bonds 1.50 % 511,085
511,085 34,583,436

CMAR Fee 10.00 % 3,458,344
3,458,344 38,041,780

Escalation to Midpoint (ALL) 15.66 % 5,957,343
5,957,343 43,999,123

BC CACI Fee 10.00 % 4,399,912
Gross Markups 4,399,912 48,399,035

Total 48,399,035
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Phase Item Description Quantity Labor
Amount

Material
Amount

Equip
Amount

Sub
Amount

Other
Amount Total Cost/Unit Total Net

Amount
01 Total01 Total

01.0 Sitework01.0 Sitework
03330 OC Foundation Slab03330 OC Foundation Slab

31-22-16.10 1100 Fine grading, fine grade for slab on grade,
machine

26.7 sy 34 - 21 - - 2.07 /sy 55

03-05-13.25 1050 Aggregate, stone, 3/4" to 1-1/2", prices per
C.Y., includes material only

17.8 cy - 579 - - - 32.56 /cy 579

03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to
#7, A615, grade 60, incl labor for accessories,
excl material for accessories

3.1 ton 3,385 5,037 - - - 2,707.16 /ton 8,422

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

3.1 ton 130 - 50 - - 58.07 /ton 181

03-21-10.60 2215 Reinforcing in place, crane cost for handling,
add to above, slabs

3.1 ton 142 - 55 - - 63.12 /ton 196

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

37.3 cy - 7,141 - - - 191.27 /cy 7,141

03-31-05.70 2900 Structural concrete, placing, foundation mat,
direct chute, over 20 C.Y., includes vibrating,
excludes material

37.3 cy 338 - 5 - - 9.20 /cy 344

03-35-29.30 0200 Concrete finishing, floors, monolithic, screed,
float and hand trowel finish

240.0 sf 316 - - - - 1.32 /sf 316

03-39-13.50 0300 Curing, sprayed membrane curing compound 2.4 csf 26 46 - - - 29.99 /csf 72
03-35-29.30 2350 Concrete finishing, floor, hardener,

non-metallic, medium service, 0.75 psf, add
240.0 sf 185 95 - - - 1.17 /sf 280

  OC Foundation Slab 240.0 cy 4,556 12,898 131 73.27 /cy 17,585

31240 Dewatering Systems PS31240 Dewatering Systems PS
01-54-33.70 1100 Rent wellpoint 25' long w/fittings & riser pipe

1-1/2" or 2" diameter
973.3 day - - 55,548 - - 57.07 /day 55,548

01-54-33.70 0600 Rent wellpoint header pipe, 8" diameter, 800
gpm, per foot

396.0 day - - 13,541 - - 34.19 /day 13,541

01-54-33.70 0950 Rent wellpoint header pipe, 6" diam, quick
couplg, alum & plastic add, per foot

396.0 day - - 2,997 - - 7.57 /day 2,997

01-54-33.70 1500 Rent wellpoint pump, diesel, 75 HP, 10" suction 486.7 day - - 204,308 - - 419.81 /day 204,308
01-54-33.70 0350 Rent 12" diam wellpoint discharge pipe, per foot 4,000.0 day - - 156,243 - - 39.06 /day 156,243
31-23-19.40 0110 Wellpoints, single stage system, 0.75 labor

hours per LF, installation and removal
396.0 hdr 22,454 - - - - 56.70 /hdr 22,454

31-23-19.40 0410 Wellpoints, pump operation, 4 @ 6 hour shifts,
per 24 hour day

121.7 day 265,972 - - - - 2,186.07 /day 265,972

  Dewatering Systems PS 4.0 mo 288,427 432,637 179,637.11 /mo 721,063

31240 Dewatering Systems Tank31240 Dewatering Systems Tank
01-54-33.70 1100 Rent wellpoint 25' long w/fittings & riser pipe

1-1/2" or 2" diameter
1,216.7 day - - 69,435 - - 57.07 /day 69,435

01-54-33.70 0600 Rent wellpoint header pipe, 8" diameter, 800
gpm, per foot

439.6 day - - 15,031 - - 34.19 /day 15,031
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31240 Dewatering Systems Tank31240 Dewatering Systems Tank

01-54-33.70 0950 Rent wellpoint header pipe, 6" diam, quick
couplg, alum & plastic add, per foot

439.6 day - - 3,327 - - 7.57 /day 3,327

01-54-33.70 1500 Rent wellpoint pump, diesel, 75 HP, 10" suction 608.3 day - - 255,384 - - 419.81 /day 255,384
01-54-33.70 0350 Rent 12" diam wellpoint discharge pipe, per foot 4,000.0 day - - 156,243 - - 39.06 /day 156,243
31-23-19.40 0110 Wellpoints, single stage system, 0.75 labor

hours per LF, installation and removal
439.6 hdr 24,927 - - - - 56.70 /hdr 24,927

31-23-19.40 0410 Wellpoints, pump operation, 4 @ 6 hour shifts,
per 24 hour day

152.1 day 332,464 - - - - 2,186.07 /day 332,464

  Dewatering Systems Tank 5.0 mo 357,391 499,420 170,747.38 /mo 856,810

31250 Shoring Systems PS 122' x 76'x 10' depth31250 Shoring Systems PS 122' x 76'x 10' depth
31-41-16.10 1600 Sheet piling, steel, 27 psf, 20' excavation, per

S.F., drive, extract and salvage, excludes wales
32,320.0 sf 395,262 316,338 255,964 - - 29.94 /sf 967,564

Shoring Systems PS 122' x 76'x 10' depth 32,320.0 sf 395,262 316,338 255,964 29.94 /sf 967,564

31250 Shoring Systems Tank 140' diameter 10' depth31250 Shoring Systems Tank 140' diameter 10' depth
31-41-16.10 1600 Sheet piling, steel, 27 psf, 20' excavation, per

S.F., drive, extract and salvage, excludes wales
8,792.0 sf 107,523 86,053 69,630 - - 29.94 /sf 263,206

Shoring Systems Tank 140' diameter 10'
depth

8,792.0 sf 107,523 86,053 69,630 29.94 /sf 263,206

31290 _Structure Excavation and Backfill  PS31290 _Structure Excavation and Backfill  PS
31-23-16.42 4400 Excavating, bulk bank measure, in sheeting or

cofferdam, with all other equipment, minimum
5,600.0 bcy 47,757 - 45,386 - - 16.63 /bcy 93,142

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

224.0 ecy 680 - 134 - - 3.63 /ecy 813

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

1,041.9 lcy 13,249 30,548 2,419 - - 44.36 /lcy 46,216

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

896.0 ecy 2,718 - 534 - - 3.63 /ecy 3,253

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

629.0 lcy 7,999 18,443 1,460 - - 44.36 /lcy 27,902

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

547.0 ecy 1,659 - 326 - - 3.63 /ecy 1,986

31-23-23.19 BC-0011 Loading trucks, 2.5 C.Y. bucket, front end
loader, wheel mounted

5,600.0 bcy 3,667 - 2,422 - - 1.09 /bcy 6,089

31-23-23.18 0560 Hauling,excavated borrow material,loose cubic
yards,20 mile round trip,0.4 load/hr,base wide
rate,12 cy truck,highway haulers,excludes
loading

7,000.0 lcy 114,464 - 145,876 - - 37.19 /lcy 260,340

02-22-03.30 BC-0006 Dump Charge, typical urban city, fees only, bldg
constr mat'ls

8,435.0 ton - - - - 587,163 69.61 /ton 587,163
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  _Structure Excavation and Backfill  PS 5,600.0 cy 192,193 48,991 198,556 587,163 183.38 /cy 1,026,903

31290 _Structure Excavation and Backfill Tank31290 _Structure Excavation and Backfill Tank
31-23-16.42 4400 Excavating, bulk bank measure, in sheeting or

cofferdam, with all other equipment, minimum
7,593.3 bcy 64,756 - 61,541 - - 16.63 /bcy 126,297

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

303.7 ecy 921 - 181 - - 3.63 /ecy 1,103

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

1,412.7 lcy 17,965 41,421 3,280 - - 44.36 /lcy 62,666

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

1,214.9 ecy 3,686 - 725 - - 3.63 /ecy 4,410

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

781.9 lcy 9,943 22,925 1,815 - - 44.36 /lcy 34,683

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

679.9 ecy 2,062 - 406 - - 3.63 /ecy 2,468

31-23-23.19 BC-0011 Loading trucks, 2.5 C.Y. bucket, front end
loader, wheel mounted

7,593.3 bcy 4,972 - 3,284 - - 1.09 /bcy 8,256

31-23-23.18 0560 Hauling,excavated borrow material,loose cubic
yards,20 mile round trip,0.4 load/hr,base wide
rate,12 cy truck,highway haulers,excludes
loading

9,491.7 lcy 155,208 - 197,800 - - 37.19 /lcy 353,008

02-22-03.30 BC-0006 Dump Charge, typical urban city, fees only, bldg
constr mat'ls

11,437.5 ton - - - - 796,165 69.61 /ton 796,165

  _Structure Excavation and Backfill Tank 7,593.3 cy 259,513 64,346 269,031 796,165 182.93 /cy 1,389,056

32740 Asphaltic Paving & Sidewalks32740 Asphaltic Paving & Sidewalks
31-22-16.10 0100 Fine grading, for roadway, base or leveling

course, large area, 6,000 S.Y. or more
2,046.2 sy 1,365 - 835 - - 1.08 /sy 2,200

32-06-10.10 0400 Sidewalks, driveways, and patios, sidewalk,
concrete, cast-in-place with 6 x 6 - W1.4 x W1.4
mesh, broomed finish, 3,000 psi, 6" thick,
excludes base

710.0 sf 2,782 3,879 - - - 9.38 /sf 6,661

32-06-10.10 0520 Sidewalks, driveways, and patios, sidewalks,
concrete, excludes base, for 8" thick bank run
gravel base, add

710.0 sf 824 1,202 64 - - 2.94 /sf 2,091

32-11-23.23 0304 Base course drainage layers,aggregate base
course for roadways and large paved
areas,crushed stone base,compacted,crushed
1-1/2"stone base,12"deep

1,967.3 sy 3,162 43,956 2,708 - - 25.33 /sy 49,826

32-11-23.23 7000 Base course drainage layers, prepare and roll
sub-base, small areas to 2,500 S.Y.

1,967.3 sy 3,056 - 1,989 - - 2.56 /sy 5,045

32-11-26.19 0700 Bituminous-stabilized base courses, for
roadways and large paved areas, liquid
application to gravel base, asphalt emulsion

393.5 gal 101 3,250 67 - - 8.69 /gal 3,418
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32740 Asphaltic Paving & Sidewalks32740 Asphaltic Paving & Sidewalks

32-12-16.13 0200 Plant-mix asphalt paving, for highways and
large paved areas, binder course, 4" thick, no
hauling included

1,967.3 sy 3,798 39,426 1,654 - - 22.81 /sy 44,877

32-12-16.13 0460 Plant-mix asphalt paving, for highways and
large paved areas, wearing course, 3" thick, no
hauling included

1,967.3 sy 3,539 32,500 1,560 - - 19.11 /sy 37,599

32-17-13.26 1300 Pipe bollards, steel, concrete filled/painted, 8' L
x 4' D hole, 6" di

18.0 ea 1,939 11,456 354 - - 763.82 /ea 13,749

  Asphaltic Paving & Sidewalks 18,416.0 sf 20,566 135,669 9,231 8.98 /sf 165,465

01.0 Sitework 1,625,431 664,294 1,734,599 1,383,328 5,407,652

02.0 Yard Piping02.0 Yard Piping
33490 _Trench for Utilities 30" Piping33490 _Trench for Utilities 30" Piping

31-23-16.13 6210 Excavating, trench or continuous footing, sand
and gravel, 1-1/2 C.Y. excavator, 10' to 14'
deep, excludes sheeting or dewatering

1,314.0 bcy 3,018 - 2,316 - - 4.06 /bcy 5,334

01-54-33.40 7070 Rent trench box 12,000 pounds 10' x 20' 36.0 day - - 7,804 - - 216.77 /day 7,804
31-23-23.19 BC-0016 Trench box, move and reset 60.0 ea 5,117 - 3,926 - - 150.71 /ea 9,043
31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and

conduit, crushed stone, 3/4" to 1/2", excludes
compaction

381.7 lcy 4,854 11,191 886 - - 44.36 /lcy 16,930

31-23-23.16 0500 Fill by borrow and utility bedding, for pipe and
conduit, compacting bedding in trench

331.9 ecy 2,237 - 440 - - 8.07 /ecy 2,677

33-05-97.10 0400 Utility line signs, markers, and flags,
underground tape, detectable, reinforced,
aluminum foil core, 2", excludes excavation and
backfill

6.0 clf 24 16 - - - 6.69 /clf 40

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

1,007.4 lcy 12,811 29,537 2,339 - - 44.36 /lcy 44,687

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

876.0 ecy 2,657 - 522 - - 3.63 /ecy 3,180

31-23-23.19 BC-0011 Loading trucks, 2.5 C.Y. bucket, front end
loader, wheel mounted

1,314.0 bcy 860 - 568 - - 1.09 /bcy 1,429

31-23-23.18 0560 Hauling,excavated borrow material,loose cubic
yards,20 mile round trip,0.4 load/hr,base wide
rate,12 cy truck,highway haulers,excludes
loading

1,642.5 lcy 26,858 - 34,229 - - 37.19 /lcy 61,087

02-22-03.30 BC-0006 Dump Charge, typical urban city, fees only, bldg
constr mat'ls

1,979.2 ton - - - - 137,774 69.61 /ton 137,774

01-54-33.50 5400 Roadway plate, steel, 1" x 8' x 20' 30.0 day - - 1,424 - - 47.47 /day 1,424
  _Trench for Utilities 30" Piping 584.0 lf 58,437 40,744 54,453 137,774 498.99 /lf 291,408

33490 _Trench for Utilities 24" Line33490 _Trench for Utilities 24" Line

Page 5



Estimate Detail Report 8/8/2022 11:17 AM
Project Number: 157943-340-*****
Estimate Issue: 1

Due Date: 7/29/2022

Wilroy PRS and Tank Estimator:      Breeze Walter

Phase Item Description Quantity Labor
Amount

Material
Amount

Equip
Amount

Sub
Amount

Other
Amount Total Cost/Unit Total Net

Amount
33490 _Trench for Utilities 24" Line33490 _Trench for Utilities 24" Line

31-23-16.13 1000 Excavating, trench or continuous footing,
common earth, 1-1/2 C.Y. excavator, 10' to 14'
deep, excludes sheeting or dewatering

1,925.9 bcy 4,866 - 3,734 - - 4.47 /bcy 8,600

01-54-33.40 7070 Rent trench box 12,000 pounds 10' x 20' 60.0 day - - 13,006 - - 216.77 /day 13,006
31-23-23.19 BC-0016 Trench box, move and reset 100.0 ea 8,528 - 6,543 - - 150.71 /ea 15,071
33-41-23.19 0400 Geotextile subsurface drainage filtration,

drainage material, pea stone fill in trench
476.3 cy 2,518 15,603 460 - - 39.01 /cy 18,581

33-05-97.10 0400 Utility line signs, markers, and flags,
underground tape, detectable, reinforced,
aluminum foil core, 2", excludes excavation and
backfill

10.0 clf 40 26 - - - 6.69 /clf 67

31-23-23.16 0100 Fill by borrow and utility bedding, for pipe and
conduit, crushed stone, 3/4" to 1/2", excludes
compaction

1,533.3 lcy 19,499 44,958 3,560 - - 44.36 /lcy 68,017

31-23-23.23 7000 Compaction, around structures and trenches, 2
passes, 18" wide, 6" lifts, walk behind, vibrating
plate

1,333.3 ecy 4,045 - 795 - - 3.63 /ecy 4,840

31-23-23.19 BC-0011 Loading trucks, 2.5 C.Y. bucket, front end
loader, wheel mounted

1,925.9 bcy 1,261 - 833 - - 1.09 /bcy 2,094

31-23-23.18 0560 Hauling,excavated borrow material,loose cubic
yards,20 mile round trip,0.4 load/hr,base wide
rate,12 cy truck,highway haulers,excludes
loading

2,407.4 lcy 39,366 - 50,169 - - 37.19 /lcy 89,535

02-22-03.30 BC-0006 Dump Charge, typical urban city, fees only, bldg
constr mat'ls

2,900.9 ton - - - - 201,934 69.61 /ton 201,934

01-54-33.50 5400 Roadway plate, steel, 1" x 8' x 20' 100.0 day - - 4,747 - - 47.47 /day 4,747
  _Trench for Utilities 24" Line 1,000.0 lf 80,124 60,588 83,846 201,934 426.49 /lf 426,492

40120 Piping DI Flanged 30" Yard Piping from Road to PS40120 Piping DI Flanged 30" Yard Piping from Road to PS
40-05-19.20 A301002

200000
Pipe Plain End-Ductile Iron--C-151    30 Inch
(750mm)

314.0 lf - 96,453 - - - 307.17 /lf 96,453

40-05-19.20 A302412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    30 Inch (750mm)

2.0 ea - 20,789 - - - 10,394.46 /ea 20,789

40-05-19.20 A302414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    30 Inch (750mm)

2.0 ea - 42,346 - - - 21,173.23 /ea 42,346

40-05-19.10 A302426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    30 Inch (750mm)

4.0 ea - 8,627 - - - 2,156.65 /ea 8,627

40-05-05.00 L303466
010000

Pipe Erection-Handle Fittings-Metal-Std    30
Inch (750mm)

4.0 ea 800 - - - - 200.09 /ea 800

40-05-62.00 A306437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    30 Inch (750mm)

2.0 ea - 131,236 - - - 65,617.82 /ea 131,236

40-05-51.00 L304062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    30 Inch (750mm)

2.0 ea 1,123 - - - - 561.63 /ea 1,123

40-05-19.10 A303002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    30 Inch (750mm)

4.0 ea - 759 - - - 189.87 /ea 759

40-05-19.20 L304002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    30 Inch (750mm)

314.0 lf 36,189 - - - - 115.25 /lf 36,189
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40120 Piping DI Flanged 30" Yard Piping from Road to PS40120 Piping DI Flanged 30" Yard Piping from Road to PS

40-05-05.00 A303400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    30 Inch
(750mm)

5.0 ea 762 5,636 - - - 1,279.71 /ea 6,399

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

2,466.2 sqft 1,593 2,420 - - - 1.63 /sqft 4,013

40-05-05.00 L309048
000000

Field Testing-Hydrotest-Non-Specific    30 Inch
(750mm)

314.0 lf 3,590 - - - - 11.43 /lf 3,590

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

100.0 mh 6,466 - 6,198 - - 126.64 /mh 12,664

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

40.0 mh 2,586 - 2,479 - - 126.64 /mh 5,065

  Piping DI Flanged 30" Yard Piping from
Road to PS

314.0 lf 53,110 308,266 8,677 1,178.51 /lf 370,053

40120 Piping DI Flanged 30" from PS to Tank40120 Piping DI Flanged 30" from PS to Tank
40-05-19.20 A301002

200000
Pipe Plain End-Ductile Iron--C-151    30 Inch
(750mm)

270.0 lf - 82,937 - - - 307.17 /lf 82,937

40-05-19.20 A302411
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell45-Non-Specific    30 Inch (750mm)

5.0 ea - 49,020 - - - 9,803.97 /ea 49,020

40-05-19.20 A302412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    30 Inch (750mm)

1.0 ea - 10,394 - - - 10,394.46 /ea 10,394

40-05-19.20 A302414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    30 Inch (750mm)

1.0 ea - 21,173 - - - 21,173.23 /ea 21,173

40-05-19.10 A302426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    30 Inch (750mm)

8.0 ea - 17,253 - - - 2,156.65 /ea 17,253

40-05-05.00 L303466
010000

Pipe Erection-Handle Fittings-Metal-Std    30
Inch (750mm)

7.0 ea 1,401 - - - - 200.09 /ea 1,401

40-05-62.00 A306437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    30 Inch (750mm)

2.0 ea - 131,236 - - - 65,617.82 /ea 131,236

40-05-51.00 L304062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    30 Inch (750mm)

2.0 ea 1,123 - - - - 561.63 /ea 1,123

40-05-19.10 A303002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    30 Inch (750mm)

8.0 ea - 1,519 - - - 189.86 /ea 1,519

40-05-19.20 L304002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    30 Inch (750mm)

270.0 lf 31,118 - - - - 115.25 /lf 31,118

40-05-05.00 A303400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    30 Inch
(750mm)

5.0 ea 762 5,636 - - - 1,279.71 /ea 6,399

40-05-07.00 A306044
000000

Pipe Support    30 Inch (750mm) 3.0 ea 412 374 - - - 261.80 /ea 785

40-05-07.00 A306045
000000

Hanger Rod    30 Inch (750mm) 3.0 ea 343 2,430 - - - 924.17 /ea 2,773

40-05-07.00 A306043
000000

Hilti-Chemical Anchor - Pipe Support Size     30
Inch (750mm)

11.0 ea 419 891 - - - 119.10 /ea 1,310

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

2,120.6 sqft 1,370 2,081 - - - 1.63 /sqft 3,450

40-05-05.00 L309048
000000

Field Testing-Hydrotest-Non-Specific    30 Inch
(750mm)

270.0 lf 3,087 - - - - 11.43 /lf 3,087
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40120 Piping DI Flanged 30" from PS to Tank40120 Piping DI Flanged 30" from PS to Tank

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

80.0 mh 5,173 - 4,958 - - 126.64 /mh 10,131

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

40.0 mh 2,586 - 2,479 - - 126.64 /mh 5,065

  Piping DI Flanged 30" from PS to Tank 270.0 lf 47,794 324,943 7,437 1,408.05 /lf 380,175

40120 Piping DI Flanged 24" 40120 Piping DI Flanged 24" 
40-05-19.20 A241002

200000
Pipe Plain End-Ductile Iron--C-151    24 Inch
(600mm)

1,000.0 lf - 139,625 - - - 139.62 /lf 139,625

40-05-19.20 A242416
000000

Fitting Flanged & Bolted-Ductile Iron-Reducer 1
Dia-Non-Specific    24 Inch (600mm)

3.0 ea - 20,336 - - - 6,778.56 /ea 20,336

40-05-19.20 A242414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    24 Inch (600mm)

3.0 ea - 45,202 - - - 15,067.46 /ea 45,202

40-05-19.10 A242426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    24 Inch (600mm)

10.0 ea - 14,378 - - - 1,437.76 /ea 14,378

40-05-05.00 L243466
010000

Pipe Erection-Handle Fittings-Metal-Std    24
Inch (600mm)

5.0 ea 829 - - - - 165.79 /ea 829

40-05-62.00 A246437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    24 Inch (600mm)

3.0 ea - 106,949 - - - 35,649.51 /ea 106,949

40-05-51.00 L244062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    24 Inch (600mm)

3.0 ea 1,091 - - - - 363.59 /ea 1,091

40-05-19.10 A243002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    24 Inch (600mm)

10.0 ea - 1,364 - - - 136.35 /ea 1,364

40-05-19.20 L244002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    24 Inch (600mm)

1,000.0 lf 91,927 - - - - 91.93 /lf 91,927

40-05-05.00 A243400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    24 Inch
(600mm)

10.0 ea 762 6,702 - - - 746.44 /ea 7,464

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

6,283.2 sqft 4,059 6,165 - - - 1.63 /sqft 10,223

40-05-05.00 L249048
000000

Field Testing-Hydrotest-Non-Specific    24 Inch
(600mm)

1,000.0 lf 9,147 - - - - 9.15 /lf 9,147

33-14-17.15 8420 Water service connection, tapping sleeves with
rubber gaskets, 24" x 24", excludes excavation
and backfill

3.0 ea 850 37,674 66 - - 12,863.41 /ea 38,590

  Piping DI Flanged 24" 1,000.0 lf 108,665 378,393 66 487.12 /lf 487,124

40120 Temp By Pass 30" 40120 Temp By Pass 30" 
40-05-19.20 A301002

200000
Pipe Plain End-Ductile Iron--C-151    30 Inch
(750mm)

40.0 lf - 12,287 - - - 307.17 /lf 12,287

40-05-19.20 A302412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    30 Inch (750mm)

4.0 ea - 41,578 - - - 10,394.46 /ea 41,578

40-05-19.20 A302414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    30 Inch (750mm)

4.0 ea - 84,693 - - - 21,173.23 /ea 84,693

40-05-19.10 A302426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    30 Inch (750mm)

4.0 ea - 8,627 - - - 2,156.65 /ea 8,627

40-05-05.00 L303466
010000

Pipe Erection-Handle Fittings-Metal-Std    30
Inch (750mm)

8.0 ea 1,601 - - - - 200.09 /ea 1,601
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40120 Temp By Pass 30" 40120 Temp By Pass 30" 

40-05-62.00 A306437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    30 Inch (750mm)

8.0 ea - 524,943 - - - 65,617.82 /ea 524,943

40-05-51.00 L304062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    30 Inch (750mm)

8.0 ea 4,493 - - - - 561.62 /ea 4,493

40-05-19.10 A303002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    30 Inch (750mm)

4.0 ea - 759 - - - 189.86 /ea 759

40-05-19.20 L304002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    30 Inch (750mm)

40.0 lf 4,610 - - - - 115.25 /lf 4,610

40-05-05.00 A303400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    30 Inch
(750mm)

20.0 ea 3,049 22,545 - - - 1,279.71 /ea 25,594

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

314.2 sqft 203 308 - - - 1.63 /sqft 511

40-05-05.00 L309048
000000

Field Testing-Hydrotest-Non-Specific    30 Inch
(750mm)

40.0 lf 457 - - - - 11.43 /lf 457

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

10.0 mh 647 - 620 - - 126.64 /mh 1,266

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

10.0 mh 647 - 620 - - 126.64 /mh 1,266

33-14-17.15 8420 Water service connection, tapping sleeves with
rubber gaskets, 30" x 30", excludes excavation
and backfill

2.0 ea 567 25,116 44 - - 12,863.41 /ea 25,727

22-20-00.31 BC-0306 Piping line stop, 30'' dia 2.0 ea 1,219 225,792 - - - 113,505.29 /ea 227,011
  Temp By Pass 30" 40.0 lf 17,492 946,648 1,284 24,135.57 /lf 965,423

40120 Temp By Pass 24" 40120 Temp By Pass 24" 
40-05-19.20 A241002

200000
Pipe Plain End-Ductile Iron--C-151    24 Inch
(600mm)

20.0 lf - 2,793 - - - 139.63 /lf 2,793

40-05-19.20 A242412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    24 Inch (600mm)

2.0 ea - 15,930 - - - 7,964.98 /ea 15,930

40-05-19.20 A242414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    24 Inch (600mm)

2.0 ea - 30,135 - - - 15,067.47 /ea 30,135

40-05-19.10 A242426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    24 Inch (600mm)

2.0 ea - 2,876 - - - 1,437.77 /ea 2,876

40-05-05.00 L243466
010000

Pipe Erection-Handle Fittings-Metal-Std    24
Inch (600mm)

4.0 ea 663 - - - - 165.79 /ea 663

40-05-62.00 A246437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    24 Inch (600mm)

4.0 ea - 142,598 - - - 35,649.51 /ea 142,598

40-05-51.00 L244062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    24 Inch (600mm)

4.0 ea 1,454 - - - - 363.59 /ea 1,454

40-05-19.10 A243002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    24 Inch (600mm)

2.0 ea - 273 - - - 136.34 /ea 273

40-05-19.20 L244002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    24 Inch (600mm)

20.0 lf 1,839 - - - - 91.93 /lf 1,839

40-05-05.00 A243400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    24 Inch
(600mm)

10.0 ea 762 6,702 - - - 746.44 /ea 7,464
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40120 Temp By Pass 24" 40120 Temp By Pass 24" 

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

125.7 sqft 81 123 - - - 1.63 /sqft 204

40-05-05.00 L249048
000000

Field Testing-Hydrotest-Non-Specific    24 Inch
(600mm)

20.0 lf 183 - - - - 9.15 /lf 183

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

10.0 mh 647 - 620 - - 126.64 /mh 1,266

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

10.0 mh 647 - 620 - - 126.64 /mh 1,266

33-14-17.15 8420 Water service connection, tapping sleeves with
rubber gaskets, 24" x 24", excludes excavation
and backfill

2.0 ea 567 25,116 44 - - 12,863.41 /ea 25,727

22-20-00.31 BC-0306 Piping line stop, 30'' dia 2.0 ea 1,219 225,792 - - - 113,505.29 /ea 227,011
  Temp By Pass 24" 20.0 lf 8,061 452,337 1,284 23,084.08 /lf 461,682

02.0 Yard Piping 373,683 2,511,919 157,047 339,708 3,382,357

03.1 Structural PS03.1 Structural PS
03330 PS Foundation Lower Level 122' x 76' x 2' Thick03330 PS Foundation Lower Level 122' x 76' x 2' Thick

31-22-16.10 1100 Fine grading, fine grade for slab on grade,
machine

1,030.2 sy 1,322 - 808 - - 2.07 /sy 2,130

03-05-13.25 1050 Aggregate, stone, 3/4" to 1-1/2", prices per
C.Y., includes material only

686.8 cy - 22,362 - - - 32.56 /cy 22,362

03-15-13.50 1300 Waterstop, PVC, ribbed type, split, 3/8" thick x
6" wide

396.0 lf 1,422 2,556 - - - 10.05 /lf 3,978

03-15-13.50 5250 Waterstop, fittings, rubber, flat, dumbbell or
center bulb, field union, 3/8" thick x 9" wide

33.0 ea 308 1,282 - - - 48.18 /ea 1,590

03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to
#7, A615, grade 60, incl labor for accessories,
excl material for accessories

60.1 ton 65,386 97,303 - - - 2,707.15 /ton 162,689

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

60.1 ton 2,519 - 970 - - 58.07 /ton 3,490

03-21-10.60 2215 Reinforcing in place, crane cost for handling,
add to above, slabs

60.1 ton 2,739 - 1,054 - - 63.12 /ton 3,793

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

721.2 cy - 137,934 - - - 191.27 /cy 137,934

03-31-05.70 2950 Structural concrete, placing, foundation mat,
pumped, over 20 C.Y., includes vibrating,
excludes material

721.2 cy 7,749 - 1,307 - - 12.56 /cy 9,056

03-35-29.30 0250 Concrete finishing, floors, monolithic, machine
trowel finish

9,272.0 sf 9,010 - 420 - - 1.02 /sf 9,429

03-39-13.50 0300 Curing, sprayed membrane curing compound 92.7 csf 1,000 1,780 - - - 29.99 /csf 2,780
03-35-29.30 2350 Concrete finishing, floor, hardener,

non-metallic, medium service, 0.75 psf, add
9,272.0 sf 7,133 3,676 - - - 1.17 /sf 10,809

  PS Foundation Lower Level 122' x 76' x 2'
Thick

686.8 cy 98,589 266,894 4,560 538.78 /cy 370,042
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03330 PS Foundation Upper Level 122' x 16' x 2' Thick03330 PS Foundation Upper Level 122' x 16' x 2' Thick
31-22-16.10 1100 Fine grading, fine grade for slab on grade,

machine
216.9 sy 278 - 170 - - 2.07 /sy 449

03-05-13.25 1050 Aggregate, stone, 3/4" to 1-1/2", prices per
C.Y., includes material only

144.6 cy - 4,708 - - - 32.56 /cy 4,708

03-15-13.50 1300 Waterstop, PVC, ribbed type, split, 3/8" thick x
6" wide

276.0 lf 991 1,781 - - - 10.05 /lf 2,773

03-15-13.50 5250 Waterstop, fittings, rubber, flat, dumbbell or
center bulb, field union, 3/8" thick x 9" wide

23.0 ea 215 893 - - - 48.18 /ea 1,108

03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to
#7, A615, grade 60, incl labor for accessories,
excl material for accessories

12.7 ton 13,766 20,485 - - - 2,707.15 /ton 34,251

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

12.7 ton 530 - 204 - - 58.07 /ton 735

03-21-10.60 2215 Reinforcing in place, crane cost for handling,
add to above, slabs

12.7 ton 577 - 222 - - 63.12 /ton 799

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

151.8 cy - 29,039 - - - 191.27 /cy 29,039

03-31-05.70 2950 Structural concrete, placing, foundation mat,
pumped, over 20 C.Y., includes vibrating,
excludes material

151.8 cy 1,631 - 275 - - 12.56 /cy 1,907

03-35-29.30 0250 Concrete finishing, floors, monolithic, machine
trowel finish

1,952.0 sf 1,897 - 88 - - 1.02 /sf 1,985

03-39-13.50 0300 Curing, sprayed membrane curing compound 19.5 csf 211 375 - - - 29.99 /csf 585
03-35-29.30 2350 Concrete finishing, floor, hardener,

non-metallic, medium service, 0.75 psf, add
1,952.0 sf 1,502 774 - - - 1.17 /sf 2,276

  PS Foundation Upper Level 122' x 16' x 2'
Thick

144.6 cy 21,598 58,055 960 557.51 /cy 80,613

03345 _Concrete Walls Lower level 10' tall x 2' Thick03345 _Concrete Walls Lower level 10' tall x 2' Thick
03-11-13.85 9260 Cip concret forms,walls,steel framed plywd,over

8'16'hg,based 50 us purchsd forms,4 us bracing
lumber,includes erecting,bracing,stripping and
cleaning

8,000.0 sfca 49,051 6,030 - - - 6.89 /sfca 55,081

03-15-05.95 3050 Form oil, up to 800 S.F. per gallon, coverage,
includes material only

21.3 gal - 536 - - - 25.13 /gal 536

03-21-10.60 0700 Reinforcing steel, in place, walls, #3 to #7,
A615, grade 60, incl labor for accessories, excl
material for accessories

25.9 ton 21,626 41,978 - - - 2,453.28 /ton 63,604

03-21-10.60 2010 Reinforcing in place, unloading & sorting, add -
walls, cols, beams

25.9 ton 1,087 - 419 - - 58.07 /ton 1,505

03-21-10.60 2225 Reinforcing, crane cost for handling, add to
above, walls, cols, beams

25.9 ton 1,181 - 455 - - 63.12 /ton 1,636
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03345 _Concrete Walls Lower level 10' tall x 2' Thick03345 _Concrete Walls Lower level 10' tall x 2' Thick

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

311.1 cy - 59,506 - - - 191.27 /cy 59,506

03-31-05.70 5350 Structural concrete, placing, walls, pumped, 15"
thick, includes vibrating, excludes material

311.1 cy 11,143 - 1,880 - - 41.86 /cy 13,023

03-35-29.60 0700 Concrete finishing, walls, sandblast, light
penetration

4,000.0 sf 8,099 3,230 1,009 - - 3.08 /sf 12,338

  _Concrete Walls Lower level 10' tall x 2'
Thick

296.3 cy 92,188 111,279 3,762 699.40 /cy 207,230

03345 _Concrete Walls Upper Level 1' thick x 25' Tall to 31' Tall03345 _Concrete Walls Upper Level 1' thick x 25' Tall to 31' Tall
03-11-13.85 9460 Cip concret forms,walls,steel framed plywd,over

16'20'h,based 50 us purchsd forms,4 us bracing
lumber,includes erecting,bracing,stripping and
cleaning

23,008.0 sfca 158,705 17,343 - - - 7.65 /sfca 176,048

03-11-13.85 8620 C.I.P. concrete forms, pilasters/piers, plywood,
2 use, includes erecting, bracing, stripping and
cleaning

1,920.0 sfca 16,053 5,813 - - - 11.39 /sfca 21,866

03-15-05.95 3050 Form oil, up to 800 S.F. per gallon, coverage,
includes material only

66.5 gal - 1,671 - - - 25.13 /gal 1,671

03-21-10.60 0700 Reinforcing steel, in place, walls, #3 to #7,
A615, grade 60, incl labor for accessories, excl
material for accessories

33.3 ton 27,768 53,899 - - - 2,453.28 /ton 81,667

03-21-10.60 2010 Reinforcing in place, unloading & sorting, add -
walls, cols, beams

33.3 ton 1,396 - 537 - - 58.07 /ton 1,933

03-21-10.60 2225 Reinforcing, crane cost for handling, add to
above, walls, cols, beams

33.3 ton 1,517 - 584 - - 63.12 /ton 2,101

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

503.4 cy - 96,280 - - - 191.27 /cy 96,280

03-31-05.70 5350 Structural concrete, placing, walls, pumped, 15"
thick, includes vibrating, excludes material

503.4 cy 18,030 - 3,041 - - 41.86 /cy 21,071

03-35-29.60 0700 Concrete finishing, walls, sandblast, light
penetration

12,944.0 sf 26,209 10,453 3,265 - - 3.08 /sf 39,927

  _Concrete Walls Upper Level 1' thick x 25'
Tall to 31' Tall

479.4 cy 249,677 185,458 7,428 923.14 /cy 442,563

03355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 03355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 
05-35-13.50 6000 Metal decking, non-cellular composite, galv, 3"

deep, 16 gauge
11,224.0 sf 15,018 61,761 665 - - 6.90 /sf 77,443

05-35-13.50 7200 Sheet metal edge closure form, to 12", w/2
bends, 16 ga

428.0 lf 1,111 3,064 190 - - 10.20 /lf 4,365

03-21-10.60 0400 Reinforcing steel, in place, elevated slabs, #4 to
#7, A615, grade 60, incl labor for accessories,
excl material for accessories

5.6 ton 4,843 9,087 - - - 2,482.05 /ton 13,929
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03355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 03355 Slab over Metal Decking (Standard Flute Depths) 122' x 92' 

03-21-10.60 2050 Reinforcing in place, unloading & sorting, add to
above - decks

5.6 ton 235 - 91 - - 58.07 /ton 326

03-21-10.60 2220 Reinforcing steel, crane cost for handling,
maximum, add

5.6 ton 672 - 259 - - 165.91 /ton 931

03-31-05.35 0402 Concrete, ready mix, regular weight, elevated
decks, 5000 psi

163.7 cy - 39,888 - - - 243.69 /cy 39,888

03-31-05.70 1400 Structural concrete, placing, elevated slab,
pumped, less than 6" thick, includes vibrating,
excludes material

163.7 cy 5,025 - 848 - - 35.88 /cy 5,873

03-35-29.30 0275 Finishing elev slab, manual screed, bull float,
machine float & trowel

11,224.0 sf 10,903 - 508 - - 1.02 /sf 11,411

03-39-13.50 0310 Curing, sprayed membrane curing compound,
elevated decks

112.2 csf 1,211 1,924 - - - 27.93 /csf 3,135

03-35-29.30 2300 Concrete finishing, floor, hardener,
non-metallic, light service, 0.50 psf, add

11,224.0 sf 7,619 2,866 - - - 0.93 /sf 10,485

  Slab over Metal Decking (Standard Flute
Depths) 122' x 92' 

155.9 cy 46,637 118,590 2,559 1,076.32 /cy 167,786

03370 _Equipment Pad Generator03370 _Equipment Pad Generator
03-11-13.65 3050 C.I.P. concrete forms, slab on grade, edge,

wood, 7" to 12" high, 4 use, includes erecting,
bracing, stripping and cleaning

61.6 sfca 255 86 - - - 5.53 /sfca 341

03-15-05.12 5200 Chamfer strip, wood, 3/4" wide 61.6 lf 55 10 - - - 1.05 /lf 65
03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to

#7, A615, grade 60, incl labor for accessories,
excl material for accessories

0.3 ton 373 555 - - - 2,707.20 /ton 929

03-21-10.60 2420 Reinforcing steel, in place, dowels, deformed, 2'
long, #5, A615, grade 60

62.0 ea 178 116 - - - 4.74 /ea 294

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

0.4 ton 16 - 6 - - 58.07 /ton 23

03-31-05.35 0405 Concrete, ready mix, regular weight,
slabs/mats, 5000 psi

7.7 cy - 1,877 - - - 243.69 /cy 1,877

03-31-05.70 4350 Structural concrete, placing, slab on grade,
pumped, up to 6" thick, includes vibrating,
excludes material

7.7 cy 255 - 43 - - 38.64 /cy 298

03-35-29.30 0020 Concrete finishing, floors, monolithic, screed
finish

208.0 sf 72 - - - - 0.35 /sf 72

  _Equipment Pad Generator 7.7 cy 1,205 2,644 49 505.95 /cy 3,898

03370 _Equipment Pads Electrical Equipment03370 _Equipment Pads Electrical Equipment
03-11-13.65 3000 C.I.P. concrete forms, slab on grade, edge,

wood, to 6" high, 4 use, includes erecting,
bracing, stripping and cleaning

125.5 lf 377 66 - - - 3.53 /lf 443

03-15-05.12 5200 Chamfer strip, wood, 3/4" wide 125.5 lf 112 20 - - - 1.05 /lf 132
03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to

#7, A615, grade 60, incl labor for accessories,
excl material for accessories

0.4 ton 422 628 - - - 2,707.14 /ton 1,050
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03370 _Equipment Pads Electrical Equipment03370 _Equipment Pads Electrical Equipment

03-21-10.60 2420 Reinforcing steel, in place, dowels, deformed, 2'
long, #5, A615, grade 60

126.0 ea 362 235 - - - 4.74 /ea 597

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

0.5 ton 20 - 8 - - 58.08 /ton 28

03-31-05.35 0405 Concrete, ready mix, regular weight,
slabs/mats, 5000 psi

4.4 cy - 1,061 - - - 243.69 /cy 1,061

03-31-05.70 4350 Structural concrete, placing, slab on grade,
pumped, up to 6" thick, includes vibrating,
excludes material

4.4 cy 144 - 24 - - 38.64 /cy 168

03-35-29.30 0020 Concrete finishing, floors, monolithic, screed
finish

235.0 sf 82 - - - - 0.35 /sf 82

  _Equipment Pads Electrical Equipment 4.4 cy 1,518 2,010 32 818.05 /cy 3,560

04220 Interior Walls Upper Level 28' Tall04220 Interior Walls Upper Level 28' Tall
04-22-10.28 0350 Concrt block,high strngt,hollow,3500

psi,12"8"16",inclds mortar and horzntl joint
rnfrcng every other course,excluds scffldn,grout
and verticl rnfrcng

4,144.0 sf 39,861 21,949 - - - 14.92 /sf 61,810

04-05-19.26 0250 Masonry reinforcing bars, truss type steel joint
reinforcing, mill standard galvanized, 12" wide

31.1 clf 775 1,227 - - - 64.42 /clf 2,002

04-05-19.26 0020 Masonry reinforcing bars, #5 and #6 reinforcing
steel bars, placed horizontally, ASTM A615

6,216.0 lb 3,876 5,973 - - - 1.58 /lb 9,849

04-05-19.26 0060 Masonry reinforcing bars, #5 and #6 reinforcing
steel bars, placed vertically, ASTM A615

3,232.3 lb 2,481 3,106 - - - 1.73 /lb 5,587

04-05-16.30 2000 Grout, for bond beams, lintels and concrete
masonry unit (CMU) cores, C476, includes
material only

1,740.5 cf 9,202 12,140 515 - - 12.56 /cf 21,858

04-05-16.30 0800 Grout, door frames, 3' x 7' opening, 2.5 C.F. per
opening

1.0 opng 31 17 2 - - 50.01 /opng 50

04-05-16.30 0850 Grout, door frames, 6' x 7' opening, 3.5 C.F. per
opening

2.0 opng 82 49 5 - - 67.91 /opng 136

04-05-19.26 X9000 Allow - shoring and bracing at CMU walls
(percentage wall area)

828.8 sfwa 592 334 - - - 1.12 /sfwa 926

04-05-23.13 0180 Control joint, PVC, 12" wall 1,000.0 lf 2,078 4,383 - - - 6.46 /lf 6,461
07-19-19.10 0300 Silicone water repellants, sprayed on CMU, 2

coat
8,288.0 sf 1,287 7,872 - - - 1.11 /sf 9,159

07-92-10.10 1800 Caulking & Sealants, butyl based, bulk, in
place, 77 LF per gallon, 1/2" x 1/2"

1,000.0 lf 1,946 646 - - - 2.59 /lf 2,592

  Interior Walls Upper Level 28' Tall 4,144.0 sf 62,212 57,697 522 29.06 /sf 120,430

05121 _Elevated Aluminum Platform, aluminum structure05121 _Elevated Aluminum Platform, aluminum structure
05-14-23.05 0020 Aluminum, structural shapes, under 1 ton, 1" to

10" members
8,064.9 lb 11,131 35,842 5,023 - - 6.45 /lb 51,996

05-14-23.05 0020 Aluminum, structural shapes, under 1 ton, 1" to
10" members

4,368.8 lb 6,030 19,416 2,721 - - 6.45 /lb 28,166

05-14-23.05 0020 Aluminum, structural shapes, under 1 ton, 1" to
10" members

16,920.0 lb 23,352 75,195 10,539 - - 6.45 /lb 109,086
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05121 _Elevated Aluminum Platform, aluminum structure05121 _Elevated Aluminum Platform, aluminum structure

05-12-04.40 BC-0006 Aluminum plate, structural, for bases &
connections, shop fabricated

2,325.1 lb 1,712 24,064 775 - - 11.42 /lb 26,551

05-12-04.40 BC-2200 Bolt, hex head, 316SS, 3/4" dia x 2" L, incl nut
& washer

1,296.0 each 8,931 7,107 - - - 12.38 /each 16,038

03-82-16.10 0700 Concrete impact drilling, for anchors, up to 4" D,
1" dia, in concrete or brick walls and floors,
includes bit cost, layout and set up time, excl
anchor

376.0 ea 5,021 88 - - - 13.59 /ea 5,109

05-05-19.10 1435 Chemical anchor, 1" diameter x 11-3/4" L, in
concrete, brick or stone, incl layout, drilling,
threaded rod & epoxy cartridge

376.0 ea 20,797 6,232 1,963 - - 77.11 /ea 28,992

03-62-13.50 0350 Grout, non-shrink, for column and machine
bases, non-metallic, 2" deep

127.8 sf 2,634 2,505 - - - 40.20 /sf 5,140

05-53-13.10 0148 Floor grating, aluminum, 2-1/4" x 3/16" bearing
bars @ 1-3/16" OC, cross bars @ 4" OC, over
300 S.F., field fabricated from panels

1,370.0 sf 3,557 92,064 157 - - 69.91 /sf 95,778

05-53-13.10 0400 Floor grating, aluminum, field fabricated from
panels, for straight banding, add

279.0 lf - 1,812 - - - 6.50 /lf 1,812

05-52-13.50 0220 Railing, pipe, aluminum, dark anodized finish, 3
rails, 3'-6" high, posts @ 5' OC, 1-1/2" diameter,
shop fabricated

558.0 lf 10,574 71,245 468 - - 147.47 /lf 82,288

05-53-13.10 0700 Floor grating, aluminum, field fabricated from
panels, for straight toe plate, add

558.0 lf - 7,156 - - - 12.82 /lf 7,156

05-12-04.40 BC-0011 Stair, field fabricated no landings, aluminum,
3'-6" W, incl railing, stringers, grating treads w/
safety nosing, per riser

110.0 risr 22,230 104,350 11,647 - - 1,256.62 /risr 138,228

05-51-33.13 0400 Ladder, shop fabricated, aluminum, 20" W,
bolted to concrete, excl cage

60.0 vlf 1,833 3,595 81 - - 91.82 /vlf 5,509

  _Elevated Aluminum Platform, aluminum
structure

1,370.0 sf 117,802 450,672 33,374 439.31 /sf 601,848

05200 Steel Joists, Joist Girders and Trusses05200 Steel Joists, Joist Girders and Trusses
05-21-19.10 8000 Open web trusses, factory fabricated WT

chords, average cost
92.7 ton 73,205 604,428 24,034 - - 7,566.29 /ton 701,667

07-81-16.10 X9040 Sprayed fireproofing, avg cost per ton, open
web joist, girders, truss

92.7 ton 10,783 16,585 855 - - 304.35 /ton 28,224

  Steel Joists, Joist Girders and Trusses 92.7 ton 83,989 621,013 24,889 7,870.63 /ton 729,891

03.1 Structural PS 775,414 1,874,311 78,136 2,727,860

03.2 Structural Tank03.2 Structural Tank
03330 Tank Foundation 4' Thck average03330 Tank Foundation 4' Thck average

31-22-16.10 1100 Fine grading, fine grade for slab on grade,
machine

1,003.3 sy 1,288 - 787 - - 2.07 /sy 2,075

03-05-13.25 1050 Aggregate, stone, 3/4" to 1-1/2", prices per
C.Y., includes material only

668.9 cy - 21,779 - - - 32.56 /cy 21,779
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03330 Tank Foundation 4' Thck average03330 Tank Foundation 4' Thck average

03-21-10.60 0600 Reinforcing steel, in place, slab on grade, #3 to
#7, A615, grade 60, incl labor for accessories,
excl material for accessories

117.1 ton 127,359 189,527 - - - 2,707.15 /ton 316,886

03-21-10.60 2005 Reinforcing in place, unloading & sorting, add to
above - slabs

117.1 ton 4,907 - 1,890 - - 58.07 /ton 6,797

03-21-10.60 2215 Reinforcing in place, crane cost for handling,
add to above, slabs

117.1 ton 5,334 - 2,054 - - 63.12 /ton 7,388

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

1,404.7 cy - 268,667 - - - 191.27 /cy 268,667

03-31-05.70 2900 Structural concrete, placing, foundation mat,
direct chute, over 20 C.Y., includes vibrating,
excludes material

1,404.7 cy 12,725 - 200 - - 9.20 /cy 12,926

03-35-29.30 0200 Concrete finishing, floors, monolithic, screed,
float and hand trowel finish

9,030.0 sf 11,896 - - - - 1.32 /sf 11,896

03-39-13.50 0300 Curing, sprayed membrane curing compound 90.3 csf 974 1,734 - - - 29.99 /csf 2,708
03-35-29.30 2350 Concrete finishing, floor, hardener,

non-metallic, medium service, 0.75 psf, add
9,030.0 sf 6,947 3,580 - - - 1.17 /sf 10,527

  Tank Foundation 4' Thck average 1,337.8 cy 171,430 485,287 4,931 494.60 /cy 661,648

03345 _Concrete Wall - Dividing Wall03345 _Concrete Wall - Dividing Wall
03-11-13.85 9260 Cip concret forms,walls,steel framed plywd,over

8'16'hg,based 50 us purchsd forms,4 us bracing
lumber,includes erecting,bracing,stripping and
cleaning

358.0 sfca 2,195 270 - - - 6.89 /sfca 2,465

03-15-05.95 3050 Form oil, up to 800 S.F. per gallon, coverage,
includes material only

1.0 gal - 24 - - - 25.12 /gal 24

03-21-10.60 0700 Reinforcing steel, in place, walls, #3 to #7,
A615, grade 60, incl labor for accessories, excl
material for accessories

0.5 ton 415 805 - - - 2,453.30 /ton 1,219

03-21-10.60 2010 Reinforcing in place, unloading & sorting, add -
walls, cols, beams

0.5 ton 21 - 8 - - 58.09 /ton 29

03-21-10.60 2225 Reinforcing, crane cost for handling, add to
above, walls, cols, beams

0.5 ton 23 - 9 - - 63.10 /ton 31

03-31-05.35 0350 Structural concrete,ready mix,normal
weight,4500 psi,includes local
aggregate,sand,portland cement and
water,excludes all additives and treatments

7.0 cy - 1,331 - - - 191.27 /cy 1,331

03-31-05.70 5350 Structural concrete, placing, walls, pumped, 15"
thick, includes vibrating, excludes material

7.0 cy 249 - 42 - - 41.86 /cy 291

03-35-29.60 0700 Concrete finishing, walls, sandblast, light
penetration

358.0 sf 725 289 90 - - 3.08 /sf 1,104

  _Concrete Wall - Dividing Wall 6.6 cy 3,627 2,719 149 979.71 /cy 6,495

46999 Precast Tank 3MG 46999 Precast Tank 3MG 
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46999 Precast Tank 3MG 46999 Precast Tank 3MG 

33-16-36.16 0600 Aboveground water utility storage tanks,
prestress concrete, 3,000,000 gallons, excludes
foundation., pipes or pumps Quoted by CROM
5-17-2022

1.0 ea - - - 2,396,520 2,396,520.00 /ea 2,396,520

33-16-36.16 ---- Add for the Flushing well 1.0 ea 43,200 43,200.00 /ea 43,200
Precast Tank 3MG 1.0 LS 2,439,720 2,439,720.00 /LS 2,439,720

03.2 Structural Tank 175,058 488,006 5,080 2,439,720 3,107,863

04.1 Architecture Design 104.1 Architecture Design 1
09999 Architecture Finishes - Tank09999 Architecture Finishes - Tank

07-00-00.01 ---- Roofing Quoted by Guernsey Tingle 8/1/2022 1.0 LS 186,146 186,145.56 /LS 186,146
03-00-00.01 ---- Exterior of Tank Quoted by Guernsey Tingle

8/1/2022
1.0 LS 198,745 198,744.84 /LS 198,745

  Architecture Finishes - Tank 1.0 LS 384,890 384,890.40 /LS 384,890

09999 Architectural Finishes - PRS09999 Architectural Finishes - PRS
08-00-00.01 ---- EXTERIOR WALLS Quoted by Guernsey Tingle

8/1/2022
1.0 LS 317,949 317,948.76 /LS 317,949

08-00-00.01 ---- EXTERIOR WINDOWS Quoted by Guernsey
Tingle 8/1/2022

1.0 LS 101,029 101,028.60 /LS 101,029

08-00-00.01 ---- EXTERIOR PERSONNEL DOORS Quoted by
Guernsey Tingle 8/1/2022

1.0 LS 20,943 20,943.36 /LS 20,943

08-00-00.01 ---- EXTERIOR SPECIALTY  Doors Quoted by
Guernsey Tingle 8/1/2022

1.0 LS 10,989 10,989.00 /LS 10,989

08-00-00.01 ---- ROOFING Quoted by Guernsey Tingle 8/1/2022 1.0 LS 201,312 201,312.00 /LS 201,312
08-00-00.01 ---- PARTITIONS Quoted by Guernsey Tingle

8/1/2022
1.0 LS 42,103 42,102.72 /LS 42,103

08-00-00.01 ---- INTERIOR PERSONNEL DOORS Quoted by
Guernsey Tingle 8/1/2022

1.0 LS 20,943 20,943.36 /LS 20,943

08-00-00.01 ---- WALL FINISHES Quoted by Guernsey Tingle
8/1/2022

1.0 LS 30,978 30,977.64 /LS 30,978

08-00-00.01 ---- FLOORING & FLOOR FINISHES Quoted by
Guernsey Tingle 8/1/2022

1.0 LS 17,658 17,658.00 /LS 17,658

08-00-00.01 ---- CEILING & CEILING FINISHES Quoted by
Guernsey Tingle 8/1/2022

1.0 LS 39,366 39,366.00 /LS 39,366

  Architectural Finishes - PRS 1.0 LS 803,269 803,269.44 /LS 803,269

32999 Landscaping and Site Development32999 Landscaping and Site Development
32-00-00.01 ---- Lanscaping Quoted by Guernsey Tingle

8/1/2022
1.0 LS 70,523 70,522.92 /LS 70,523

32-00-00.01 ---- Site Imporvements Quoted by Guernsey Tingle
8/1/2022

1.0 LS 11,682 11,682.36 /LS 11,682

  Landscaping and Site Development 1.0 LS 82,205 82,205.28 /LS 82,205

04.1 Architecture Design 1 1,270,365 1,270,365
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05.0 HVAC, Plumbing05.0 HVAC, Plumbing
22999 Plumbing Allowance22999 Plumbing Allowance

22-05-00.10 BC-0001 Allowance - Piping, Building Service/Domestic 1.0 ls - - 11,000 - 11,000.00 /ls 11,000
  Plumbing Allowance 1.0 LS 11,000 11,000.00 /LS 11,000

23999 HAVC Equipment23999 HAVC Equipment
23-34-03.00 BC-0091 Fans, in-line cntfgl, sply/exhaust, 1,520 CFM,

16'' dia conn
1.0 ea 700 1,204 931 - - 2,835.43 /ea 2,835

23-83-33.10 6020 Electric heating, unit heater, heavy duty, 480
volt, 4 kW, includes fan & mounting bracket

2.0 ea 200 1,154 - - - 676.65 /ea 1,353

23-81-43.10 1080 Heat pump,air air split system,7.5 ton
cooling,33 mbh heat @ 0degf,includs outside
cndnsng unit only,excluds intrcnn
tubing,curbs,pads and ductwork

1.0 ea 2,489 4,172 - - - 6,660.53 /ea 6,661

23-81-26.10 1030 Split ductless system, cooling only, single zone,
ceiling mount, 3 ton cooling

2.0 ea 1,866 11,200 - - - 6,533.20 /ea 13,066

23-37-15.40 2520 Louver, aluminum, extruded, with screen, mill
finish, dual combination, manual operation,
intake or exhaust

140.0 sf 4,441 7,291 - - - 83.80 /sf 11,732

23-37-15.40 2520 Louver, aluminum, extruded, with screen, mill
finish, dual combination, manual operation,
intake or exhaust

100.0 sf 3,172 5,208 - - - 83.80 /sf 8,380

  HAVC Equipment 1.0 LS 12,869 30,229 931 44,028.51 /LS 44,029

23999 Misc. HVAC Allowance23999 Misc. HVAC Allowance
23-05-00.00 BC-0001 Allowance - HVAC $5.00/sf 9,272.0 sqft - - - 50,996 - 5.50 /sqft 50,996

  Misc. HVAC Allowance 1.0 LS 50,996 50,996.00 /LS 50,996

05.0 HVAC, Plumbing 12,869 30,229 931 61,996 106,025

06.0 Process Pipe06.0 Process Pipe
40120 Piping DI Flanged 30" in PS40120 Piping DI Flanged 30" in PS

40-05-19.20 A301002
200000

Pipe Plain End-Ductile Iron--C-151    30 Inch
(750mm)

211.0 lf - 64,814 - - - 307.17 /lf 64,814

40-05-19.20 A302412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    30 Inch (750mm)

1.0 ea - 10,394 - - - 10,394.47 /ea 10,394

40-05-19.20 A302416
000000

Fitting Flanged & Bolted-Ductile Iron-Reducer 1
Dia-Non-Specific    30 Inch (750mm)

1.0 ea - 12,322 - - - 12,322.04 /ea 12,322

40-05-19.20 A302414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    30 Inch (750mm)

11.0 ea - 232,906 - - - 21,173.23 /ea 232,906

40-05-19.10 A302426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    30 Inch (750mm)

4.0 ea - 8,627 - - - 2,156.65 /ea 8,627

40-05-19.10 A302424
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Blind-Non-Specific    30 Inch (750mm)

1.0 ea - 4,706 - - - 4,706.28 /ea 4,706

40-05-05.00 L303466
010000

Pipe Erection-Handle Fittings-Metal-Std    30
Inch (750mm)

14.0 ea 2,801 - - - - 200.09 /ea 2,801
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40120 Piping DI Flanged 30" in PS40120 Piping DI Flanged 30" in PS

40-05-62.00 A306437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    30 Inch (750mm)

3.0 ea - 196,853 - - - 65,617.82 /ea 196,853

40-05-51.00 L304062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    30 Inch (750mm)

3.0 ea 1,685 - - - - 561.63 /ea 1,685

40-05-19.10 A303002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    30 Inch (750mm)

4.0 ea - 759 - - - 189.86 /ea 759

40-05-19.20 L304002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    30 Inch (750mm)

211.0 lf 24,318 - - - - 115.25 /lf 24,318

40-05-05.00 A303400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    30 Inch
(750mm)

4.0 ea 610 4,509 - - - 1,279.72 /ea 5,119

40-05-07.00 A306044
000000

Pipe Support    30 Inch (750mm) 2.0 ea 274 249 - - - 261.79 /ea 524

40-05-07.00 A306045
000000

Hanger Rod    30 Inch (750mm) 2.0 ea 229 1,620 - - - 924.18 /ea 1,848

40-05-07.00 A306043
000000

Hilti-Chemical Anchor - Pipe Support Size     30
Inch (750mm)

8.0 ea 305 648 - - - 119.10 /ea 953

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

1,657.2 sqft 1,071 1,626 - - - 1.63 /sqft 2,696

40-05-05.00 L309048
000000

Field Testing-Hydrotest-Non-Specific    30 Inch
(750mm)

211.0 lf 2,413 - - - - 11.43 /lf 2,413

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

40.0 mh 2,586 - 2,479 - - 126.64 /mh 5,065

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

40.0 mh 2,586 - 2,479 - - 126.64 /mh 5,065

22-20-03.00 BC-0227 Pipe coupling, sleeve-type, Dresser style, 30" 3.0 ea 2,483 9,219 3,302 - - 5,001.02 /ea 15,003
27-20-03.00 BC-0031 30" Magnetic flowmeters, 150# AWWA flanges 2.0 ea 287 51,843 - - - 26,065.38 /ea 52,131

  Piping DI Flanged 30" in PS 211.0 lf 41,648 601,095 8,260 3,085.32 /lf 651,003

40120 Piping DI Flanged 16" in PS40120 Piping DI Flanged 16" in PS
40-05-19.20 A201002

200000
Pipe Plain End-Ductile Iron--C-151    16 Inch
(400mm)

63.0 lf - 4,798 - - - 76.16 /lf 4,798

40-05-19.20 A202416
000000

Fitting Flanged & Bolted-Ductile Iron-Reducer 1
Dia-Non-Specific    16 Inch (400mm)

2.0 ea - 5,770 - - - 2,884.87 /ea 5,770

40-05-19.20 A202414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    16 Inch (400mm)

3.0 ea - 14,624 - - - 4,874.66 /ea 14,624

40-05-19.10 A202426
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Cls 125    16 Inch (400mm)

2.0 ea - 575 - - - 287.63 /ea 575

40-05-19.10 A202424
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Blind-Cls 125    16 Inch (400mm)

1.0 ea - 489 - - - 488.98 /ea 489

40-05-05.00 L203466
010000

Pipe Erection-Handle Fittings-Metal-Std    16
Inch (400mm)

6.0 ea 720 - - - - 120.05 /ea 720

40-05-62.00 A206437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    16 Inch (400mm)

3.0 ea - 37,709 - - - 12,569.65 /ea 37,709

40-05-51.00 L204062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    16 Inch (400mm)

3.0 ea 816 - - - - 272.13 /ea 816

40-05-19.10 A203002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    16 Inch (400mm)

2.0 ea - 152 - - - 75.94 /ea 152
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40120 Piping DI Flanged 16" in PS40120 Piping DI Flanged 16" in PS

40-05-19.20 L204002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    16 Inch (400mm)

63.0 lf 3,803 - - - - 60.37 /lf 3,803

40-05-05.00 A203400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    16 Inch
(400mm)

1.0 ea 76 281 - - - 356.92 /ea 357

40-05-07.00 A206044
000000

Pipe Support    16 Inch (400mm) 1.0 ea 95 62 - - - 157.58 /ea 158

40-05-07.00 A206045
000000

Hanger Rod    16 Inch (400mm) 1.0 ea 46 405 - - - 450.66 /ea 451

40-05-07.00 A206043
000000

Hilti-Chemical Anchor - Pipe Support Size     16
Inch (400mm)

3.0 ea 114 168 - - - 94.18 /ea 283

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

263.9 sqft 170 259 - - - 1.63 /sqft 429

40-05-05.00 L209048
000000

Field Testing-Hydrotest-Non-Specific    16 Inch
(400mm)

63.0 lf 384 - - - - 6.10 /lf 384

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

  Piping DI Flanged 16" in PS 63.0 lf 8,813 65,292 2,479 1,215.61 /lf 76,583

40120 Piping DI Flanged 20" in PS40120 Piping DI Flanged 20" in PS
40-05-19.20 A221002

200000
Pipe Plain End-Ductile Iron--C-151    20 Inch
(500mm)

80.0 lf - 8,733 - - - 109.16 /lf 8,733

40-05-19.20 A222412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    20 Inch (500mm)

1.0 ea - 5,141 - - - 5,140.74 /ea 5,141

40-05-19.20 A222414
000000

Fitting Flanged & Bolted-Ductile
Iron-Tee-Non-Specific    20 Inch (500mm)

3.0 ea - 25,260 - - - 8,420.05 /ea 25,260

40-05-19.10 A222426
000000

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Non-Specific    20 Inch (500mm)

4.0 ea - 3,834 - - - 958.51 /ea 3,834

40-05-19.10 A222424
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Blind-Cls 125    20 Inch (500mm)

1.0 ea - 869 - - - 869.28 /ea 869

40-05-05.00 L223466
010000

Pipe Erection-Handle Fittings-Metal-Std    20
Inch (500mm)

5.0 ea 715 - - - - 142.92 /ea 715

40-05-62.00 A226437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    20 Inch (500mm)

1.0 ea - 20,594 - - - 20,594.34 /ea 20,594

40-05-51.00 L224062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    20 Inch (500mm)

1.0 ea 317 - - - - 316.94 /ea 317

40-05-19.10 A223002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    20 Inch (500mm)

4.0 ea - 416 - - - 103.97 /ea 416

40-05-19.20 L224002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    20 Inch (500mm)

80.0 lf 6,092 - - - - 76.15 /lf 6,092

40-05-05.00 A223400
006200

Make Up Bolted Joint incl B-7 Nuts, Bolts, 1/16
Inch Rubber Gasket-Cls 150 (PN20)    20 Inch
(500mm)

1.0 ea 76 495 - - - 571.70 /ea 572

40-05-07.00 A226044
000000

Pipe Support    20 Inch (500mm) 1.0 ea 137 93 - - - 230.66 /ea 231
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Equip
Amount

Sub
Amount

Other
Amount Total Cost/Unit Total Net

Amount
40120 Piping DI Flanged 20" in PS40120 Piping DI Flanged 20" in PS

40-05-07.00 A226045
000000

Hanger Rod    20 Inch (500mm) 1.0 ea 46 467 - - - 512.94 /ea 513

40-05-07.00 A226043
000000

Hilti-Chemical Anchor - Pipe Support Size     20
Inch (500mm)

3.0 ea 114 187 - - - 100.41 /ea 301

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

418.9 sqft 271 411 - - - 1.63 /sqft 682

40-05-05.00 L229048
000000

Field Testing-Hydrotest-Non-Specific    20 Inch
(500mm)

80.0 lf 610 - - - - 7.62 /lf 610

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

22-20-03.00 BC-0161 Pipe coupling, sleeve-type, Dresser style, 20" 1.0 ea 603 2,551 802 - - 3,956.12 /ea 3,956
  Piping DI Flanged 20" in PS 80.0 lf 11,567 69,052 3,281 1,048.75 /lf 83,900

40120 Piping DI Flanged 10" and 8" in PS40120 Piping DI Flanged 10" and 8" in PS
40-05-19.20 A161002

200000
Pipe Plain End-Ductile Iron--C-151    8 Inch
(200mm)

88.0 lf - 2,234 - - - 25.39 /lf 2,234

40-05-19.20 A171002
200000

Pipe Plain End-Ductile Iron--C-151    10 Inch
(250mm)

32.0 lf - 1,016 - - - 31.73 /lf 1,016

40-05-19.20 A162412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    8 Inch (200mm)

3.0 ea - 2,761 - - - 920.25 /ea 2,761

40-05-19.10 A162426
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Cls 125    8 Inch (200mm)

8.0 ea - 511 - - - 63.89 /ea 511

40-05-19.10 A172426
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Cls 125    10 Inch (250mm)

4.0 ea - 366 - - - 91.58 /ea 366

40-05-05.00 L163466
010000

Pipe Erection-Handle Fittings-Metal-Std    8
Inch (200mm)

3.0 ea 201 - - - - 66.85 /ea 201

40-05-65.23 A166435
016200

Valve Flanged & Bolted-Cast Steel-Check-Cls
150 (PN20)    8 Inch (200mm)

3.0 ea - 13,670 - - - 4,556.81 /ea 13,670

40-05-62.00 A166437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    8 Inch (200mm)

3.0 ea - 11,291 - - - 3,763.79 /ea 11,291

40-05-62.00 A176437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    10 Inch (250mm)

3.0 ea - 15,978 - - - 5,326.12 /ea 15,978

40-05-51.00 L164062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    8 Inch (200mm)

6.0 ea 851 - - - - 141.78 /ea 851

40-05-51.00 L174062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    10 Inch (250mm)

3.0 ea 550 - - - - 183.40 /ea 550

40-05-19.10 A163002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    8 Inch (200mm)

8.0 ea - 276 - - - 34.47 /ea 276

40-05-19.10 A173002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    10 Inch (250mm)

4.0 ea - 177 - - - 44.13 /ea 177

40-05-19.20 L164002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    8 Inch (200mm)

88.0 lf 2,354 - - - - 26.75 /lf 2,354

40-05-19.20 L174002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    10 Inch (250mm)

32.0 lf 1,229 - - - - 38.42 /lf 1,229

40-05-07.00 A166044
000000

Pipe Support    8 Inch (200mm) 2.0 ea 152 62 - - - 107.38 /ea 215
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40120 Piping DI Flanged 10" and 8" in PS40120 Piping DI Flanged 10" and 8" in PS

40-05-07.00 A176044
000000

Pipe Support    10 Inch (250mm) 1.0 ea 76 31 - - - 107.36 /ea 107

40-05-07.00 A166045
000000

Hanger Rod    8 Inch (200mm) 2.0 ea 61 374 - - - 217.38 /ea 435

40-05-07.00 A176045
000000

Hanger Rod    10 Inch (250mm) 1.0 ea 30 343 - - - 373.10 /ea 373

40-05-07.00 A166043
000000

Hilti-Chemical Anchor - Pipe Support Size     8
Inch (200mm)

4.0 ea 91 125 - - - 54.01 /ea 216

40-05-07.00 A176043
000000

Hilti-Chemical Anchor - Pipe Support Size     10
Inch (250mm)

1.0 ea 23 37 - - - 60.25 /ea 60

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

268.1 sqft 173 263 - - - 1.63 /sqft 436

40-05-05.00 L169048
000000

Field Testing-Hydrotest-Non-Specific    8 Inch
(200mm)

88.0 lf 268 - - - - 3.05 /lf 268

40-05-05.00 L179048
000000

Field Testing-Hydrotest-Non-Specific    10 Inch
(250mm)

32.0 lf 122 - - - - 3.81 /lf 122

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

22-20-03.00 BC-0216 Pipe coupling, sleeve-type, Dresser style, 8" 3.0 ea 731 2,591 - - - 1,107.53 /ea 3,323
22-20-03.00 BC-0217 Pipe coupling, sleeve-type, Dresser style, 10" 3.0 ea 863 3,989 1,147 - - 1,999.71 /ea 5,999

  Piping DI Flanged 10" and 8" in PS 120.0 lf 10,363 56,096 3,626 584.04 /lf 70,085

40120 Piping DI Flanged 16" and 12" in PS40120 Piping DI Flanged 16" and 12" in PS
40-05-19.20 A181002

200000
Pipe Plain End-Ductile Iron--C-151    12 Inch
(300mm)

120.0 lf - 5,331 - - - 44.43 /lf 5,331

40-05-19.20 A201002
200000

Pipe Plain End-Ductile Iron--C-151    16 Inch
(400mm)

50.0 lf - 3,808 - - - 76.16 /lf 3,808

40-05-19.20 A182412
000000

Fitting Flanged & Bolted-Ductile
Iron-Ell90-Non-Specific    12 Inch (300mm)

4.0 ea - 6,981 - - - 1,745.31 /ea 6,981

40-05-19.10 A182426
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Cls 125    12 Inch (300mm)

10.0 ea - 1,363 - - - 136.30 /ea 1,363

40-05-19.10 A202426
006100

Fitting Flanged & Bolted-Cast Iron-Flange
Thr-Cls 125    16 Inch (400mm)

8.0 ea - 2,301 - - - 287.63 /ea 2,301

40-05-05.00 L183466
010000

Pipe Erection-Handle Fittings-Metal-Std    12
Inch (300mm)

4.0 ea 406 - - - - 101.46 /ea 406

40-05-65.23 A186435
016200

Valve Flanged & Bolted-Cast Steel-Check-Cls
150 (PN20)    12 Inch (300mm)

4.0 ea - 31,571 - - - 7,892.74 /ea 31,571

40-05-62.00 A186437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    12 Inch (300mm)

4.0 ea - 26,077 - - - 6,519.17 /ea 26,077

40-05-62.00 A206437
016200

Valve Flanged & Bolted-Cast Steel-Plug-Cls
150 (PN20)    16 Inch (400mm)

4.0 ea - 50,279 - - - 12,569.65 /ea 50,279

40-05-51.00 L184062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    12 Inch (300mm)

8.0 ea 2,078 - - - - 259.77 /ea 2,078

40-05-51.00 L204062
006200

Pipe Erection-Handle Valves-Metal-Cls 150
(PN20)    16 Inch (400mm)

4.0 ea 1,088 - - - - 272.12 /ea 1,088
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40120 Piping DI Flanged 16" and 12" in PS40120 Piping DI Flanged 16" and 12" in PS

40-05-19.10 A183002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    12 Inch (300mm)

10.0 ea - 546 - - - 54.59 /ea 546

40-05-19.10 A203002
1900SC

Shop Fabrication-Cast Iron-Shop Cut & Thread
& Attach Flange-Class C    16 Inch (400mm)

8.0 ea - 608 - - - 75.95 /ea 608

40-05-19.20 L184002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    12 Inch (300mm)

120.0 lf 5,680 - - - - 47.34 /lf 5,680

40-05-19.20 L204002
0000P1

Pipe Erection-Straight Run-Ductile
Iron-Non-Specific    16 Inch (400mm)

50.0 lf 3,019 - - - - 60.37 /lf 3,019

40-05-07.00 A186044
000000

Pipe Support    12 Inch (300mm) 2.0 ea 191 62 - - - 126.44 /ea 253

40-05-07.00 A206044
000000

Pipe Support    16 Inch (400mm) 1.0 ea 95 62 - - - 157.56 /ea 158

40-05-07.00 A186045
000000

Hanger Rod    12 Inch (300mm) 2.0 ea 61 748 - - - 404.27 /ea 809

40-05-07.00 A206045
000000

Hanger Rod    16 Inch (400mm) 1.0 ea 46 405 - - - 450.65 /ea 451

40-05-07.00 A186043
000000

Hilti-Chemical Anchor - Pipe Support Size     12
Inch (300mm)

5.0 ea 114 218 - - - 66.47 /ea 332

40-05-07.00 A206043
000000

Hilti-Chemical Anchor - Pipe Support Size     16
Inch (400mm)

2.0 ea 76 112 - - - 94.18 /ea 188

09-91-06.41 BC-0001 Coatings & paints, B & C coating system E-1
(Epoxy, metal pipe)

586.4 sqft 379 575 - - - 1.63 /sqft 954

40-05-05.00 L189048
000000

Field Testing-Hydrotest-Non-Specific    12 Inch
(300mm)

120.0 lf 549 - - - - 4.57 /lf 549

40-05-05.00 L209048
000000

Field Testing-Hydrotest-Non-Specific    16 Inch
(400mm)

50.0 lf 305 - - - - 6.10 /lf 305

40-05-05.00 XL60906
4009000

Pipe Erection-Handle Pipe-Construction
Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

40-05-05.00 XL60906
4010000

Pipe Erection-Handle Fittings and
Valves-Contruction Equipment

20.0 mh 1,293 - 1,240 - - 126.64 /mh 2,533

22-20-03.00 BC-0166 Pipe coupling, sleeve-type, Dresser style, 12" 4.0 ea 1,431 6,263 1,903 - - 2,399.11 /ea 9,596
22-20-03.00 BC-0219 Pipe coupling, sleeve-type, Dresser style, 16" 4.0 ea 1,908 7,277 2,537 - - 2,930.31 /ea 11,721

  Piping DI Flanged 16" and 12" in PS 170.0 lf 20,012 144,587 6,919 1,008.92 /lf 171,517

06.0 Process Pipe 92,402 936,122 24,565 1,053,089

07.0 Equipment07.0 Equipment
11999 Bridge Crane11999 Bridge Crane

41-22-13.13 0625 Overhead bridge crane, under hung hoist,
electric operating, 2 girder, 25 ton, 50' span

1.0 ea 11,664 77,840 839 - - 90,342.90 /ea 90,343

41-22-13.10 0210 Crane rail, box beam bridge, running track only,
104 lb per yard, 20' piece, excl. equipment

76.0 lf 1,555 2,426 69 - - 53.29 /lf 4,050

  Bridge Crane 1.0 LS 13,219 80,266 908 94,392.71 /LS 94,393

46999 Drain Pumps46999 Drain Pumps
46-06-18.00 BC-0106 Pump, cntfgl, horiz mtd, end suct,vert splt,sgl

stg 35HP,6''D Quoted by Sherwood-Logan
5-19-2022

3.0 ea 6,598 1,680 58,000 - 162,000 76,092.60 /ea 228,278
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46999 Drain Pumps46999 Drain Pumps

46-06-18.00 BC-0166 Pump, cntfgl, horiz mtd, horiz splt, sgl stg,
140HP,12''D Quoted by Sherwood-Logan
5-19-2022

4.0 ea 13,639 2,240 18,138 - 583,200 154,304.20 /ea 617,217

Drain Pumps 1.0 LS 20,237 3,920 76,138 745,200 845,494.61 /LS 845,495

46999 OC Equipment Allowance46999 OC Equipment Allowance
46-06-00.00 BC-0066 Odor control tower, complete w/ media 1.0 ea 5,176 100,800 5,110 - - 111,086.00 /ea 111,086
46-06-00.00 BC-0071 Odor control , radial blower 1.0 ea 2,911 33,600 2,044 - - 38,555.42 /ea 38,555

  OC Equipment Allowance 1.0 LS 8,087 134,400 7,155 149,641.42 /LS 149,641

46999 Vac-Flush System46999 Vac-Flush System
46-06-00.00 ---- Vac-Flush System 1.0 LS 286,934 286,934.40 /LS 286,934

  Vac-Flush System 1.0 LS 286,934 286,934.40 /LS 286,934

07.0 Equipment 41,543 218,586 84,200 1,032,134 1,376,463

08.0 Electrical and I&C08.0 Electrical and I&C
26002 _Electrical, Instrumentation, and Controls Subcontract26002 _Electrical, Instrumentation, and Controls Subcontract

26-00-00.02 BC-0006 EI&C Subcontract, from electrical estimate
report

1.0 ls - - - 3,474,198 - 3,474,197.82 /ls 3,474,198

  _Electrical, Instrumentation, and Controls
Subcontract

1.0 ls 3,474,198 3,474,197.82 /ls 3,474,198

08.0 Electrical and I&C 3,474,198 3,474,198

01 Total 3,096,399 6,723,466 2,084,558 3,536,194 6,465,256 21,905,872
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Estimate Totals

Description Rate Hours Amount Totals
Labor 39,002 hrs 3,096,399

Material 6,723,466
Subcontract 3,536,194
Equipment 115,694 hrs 2,084,558

Other 6,465,256
21,905,873 21,905,873

Material Sales Tax - Exempt
Other - Process Eqp Sales Tax - Exempt

Net Markups 21,905,873
Contractor General Conditions 15.00 % 3,285,881

3,285,881 25,191,754
Start-Up, Training, O&M 2.00 % 503,835

503,835 25,695,589
Undesign/Undevelop Contingency 20.00 % 5,139,118

Unknown Market Condtions 10.00 % 2,569,559
7,708,677 33,404,266

Bldg Risk, Liability Auto Ins 2.00 % 668,085
668,085 34,072,351

Payment and Performance Bonds 1.50 % 511,085
511,085 34,583,436

CMAR Fee 10.00 % 3,458,344
3,458,344 38,041,780

Escalation to Midpoint (ALL) 15.66 % 5,957,343
5,957,343 43,999,123

BC CACI Fee 10.00 % 4,399,912
Gross Markups 4,399,912 48,399,035

Total 48,399,035
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