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Introduction
The City of Virginia Beach Public Works Stormwater Engineering Center (SWEC) is working to
develop a Comprehensive Stormwater Management Plan to address the growing stormwater
challenges facing the City. The process is comprised of two (2) components: Master Drainage
Modeling (MDM) and the Stormwater Master Plan (SWMP).
The focus of the Comprehensive Stormwater Management Plan is the volume of storage and
conveyance capacity in the City’s four major watersheds (Elizabeth River, Lynnhaven River,
Oceanfront, and Southern Rivers) which are made up of 31 drainage basins. In the future, the City
will consolidate the 31 basins into 15 basins. For example, basins 12, 13, 14, and 15 will become
the Upper North Landing River basin. The drainage basins consist of the Primary Stormwater
Management System (PSMS), which includes pipes of 24” diameter or greater, and equivalent
open channels and associated outfalls. Modeling efforts have included evaluating the existing
conditions of the PSMS to determine the extent of flooding under different design storms (typically
the 2-year, 10-year, 25-year, 50-year, and 100-year storm events) and boundary conditions in the
Chesapeake Bay and Atlantic Ocean. These areas of flooding are defined as Simulated Flooding
Areas (SFAs). SWMP efforts will focus on identifying and prioritizing improvements to the PSMS
that will reduce the flooding to more acceptable levels in both current and future conditions.
The first step in the SWMP is to develop a standardized set of criteria, based on consensus from
key stakeholders, that will be used to identify and prioritize PSMS improvements for each SFA
identified as part of the MDM. This memorandum summarizes the process that was used to develop
the SWMP Criteria.

A. Level of Service Assu mptions
Alternatives developed for PSMS improvements for each SFA will achieve a consistent design level
of service (LOS). The only instance that may cause a deviation from the defined LOS is listed in
the last bullet below. The following assumptions are made in defining the LOS for the SWMP:
· LOS for the PSMS will be in accordance with the current Draft Public Works Design
Standards Manual (PWDSM). LOS will also consider NOAA Atlas 14 rainfall with 20%
increase, and future land use.
· No flooding during the 10-year storm.
· Roads shall remain passable (maximum HGL below crown of roadway) during the 100year storm.
· The utilization of backflow prevention devices (i.e. flap gates) will not be considered in the
development of alternatives.
· It is anticipated that some variances to the City Standards will likely be required based on
existing infrastructure and site-specific constraints. LOS reductions will only be
considered upon approval by the City Engineer.

Initial SWMP Criteria Development
A. National Best Practices
The SWEC identified and reviewed over 45 stormwater master plans from localities across the
United States, including coastal and non-coastal communities to initiate development of the SWMP
Criteria. The City selected five (5) of the forty-five (45) master plan documents for further detailed
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review. These master plans were chosen based on the applicability of their evaluation process for
projects using a standardized set of criteria. Plans reviewed in further detail were from the following
communities: Lincoln, Nebraska; Boulder, Colorado; Fredericksburg, Texas; Bend, Oregon; and
Chapel Hill, North Carolina. It should be noted that the coastal community documents reviewed
were not ultimately selected for detailed review because the criteria in the coastal communities
were not as advanced as other cities’ criteria. It should also be noted that geographic location is
not a critical factor in the process of developing criteria.
Specific sections of the selected cities’ stormwater master plans were reviewed to define criteria
for project prioritization. Common themes between the documents included diverse stakeholder
engagement and the need for transparency and documentation throughout the criteria selection
process. See Appendix A for a summary of the five (5) selected stormwater master plans.

B. Model ing Draft Criteria
Initial SWMP Criteria development also included the review of the Stormwater Master Plan Criteria
Memorandum (SWMPC Memorandum) completed by CDM Smith in October 2018. This document
outlined an approach to prepare a SWMP as well as an initial set of criteria. Appendix A includes a
summarized review of the SWMPC Memorandum and Appendix B includes the full Memorandum.

C. Initial SW MP Criteri a
Approximately 40 SWMP Criteria were identified based on the review of national best practices,
the SWMPC Memorandum and specific considerations for the City of Virginia Beach. Through a
collaborative process, the 40 criteria were reduced to 20 as many were combined or removed
because of more detailed discussions. The SWMP Criteria were separated into two (2) categories:
Alternative Selection Criteria and Project Performance Criteria.
The Alternative Selection Criteria will evaluate the multiple alternatives (typically 2-3) to address
each SFA as part of future SWMP efforts. The Alternative Selection Criteria will evaluate
opportunities and challenges associated with implementation of each alternative. The intent of this
process is to ultimately identify the preferred alternative, which will become a project with an
anticipated cost, funded through the Capital Improvement Program (CIP). Ultimately, hundreds or
thousands of projects could be identified across the City.
The Project Performance Criteria will evaluate the merit of individual projects identified as part of
the Alternative Selection Criteria by assessing the relative benefits of implementing one project
versus another. Benefits will include factors such as reduced flooding and increased public safety.
Sections 4 and 5 of this memorandum provide further detail on the initial SWMP Criteria and the
process utilized to finalize the SWMP Criteria. Appendix C presents the SWMP Process Flow Chart
that illustrates how both sets of criteria will be utilized to prioritize projects.

SWMP Criteria Workshop
A. Overview
The development of the initial SWMP Criteria as described above, with stakeholder input during a
workshop setting is a typical practice for stormwater master plan development, as documented in
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the review of national best practices. An interactive, six-hour SWMP Criteria Workshop (Workshop)
was held on August 20th, 2019. This workshop became an integral part of the development of the
SWMP Criteria.
Kimley-Horn worked with the SWEC to create a list of stakeholders for the Workshop. The
approximately 30 attendees included personnel from the following City departments:
·
·
·
·
·
·
·
·
·
·
·
·
·

City Manager’s Office
Public Works Director’s Office
Public Works Operations
Public Utilities
Stormwater Regulatory (Division of Public Works)
Stormwater Engineering Center (Division of Public Works)
Transportation (Division of Public Works)
Agriculture
Housing
Development Services Center (DSC, Division of Planning)
Planning
Strategic Growth Areas (SGA, Division of Planning)
Emergency Management

Stakeholders were organized into three (3) groups. In the morning session, the groups deliberated
on the initial SWMP Criteria and definitions. The overall goal of the morning breakout session was
to receive input and ideas from the various perspectives in attendance. The conclusions from each
group, including any proposed changes to the SWMP Criteria and definitions, were then reported
out to the other groups at the end of the breakout session. Adjustments were made to the
Alternative Selection Criteria and the Project Performance Criteria, as detailed in Sections 4 and
5. The afternoon session focused on assigning weights to the refined SWMP Criteria using an
innovative software tool that utilizes the Analytic Hierarchy Process (AHP) to simplify decision
making when determining relative importance between factors. Appendix E presents the list of
attendees in each of the three (3) groups.

B. Analyti c Hierarchy Process
To assign weights, or relative importance, to the Alternative Selection Criteria and the Project
Performance Criteria, each attendee utilized an online AHP survey supplied by
TransparentChoice®. The AHP is a specific methodology that simplifies the decision-making
process by comparing individual categories, then individual criterion within the category through a
series of multiple pair-wise or “side by side” comparisons. The weighting for each question was
based on a sliding scale. The scale ranged from 0, which meant the two criteria being compared
were “equally important” to 9, which meant a particular criterion was “extremely important” when
compared to the other.
AHP software is becoming a popular tool to gather stakeholder input to increase transparency and
efficiency in broad range decision-making processes. Most notably, several State Departments of
Transportation are utilizing these tools to help manage their Capital Improvement Programs (e.g.
DOT’s in the following states: Texas, Mississippi, Nevada, Pennsylvania, Delaware, Ohio, Utah
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and Arizona). A similar process was also used to assign weights to stormwater master plan criteria
in Fredericksburg, TX as documented during the review of national best practices.
During the facilitation of the survey, results from the group input were observed real-time on the
presentation screen. Input that seemed to diverge from the larger group consensus was
discussed, and attendees were given the opportunity to share their perspective and change their
vote, if appropriate. The individual rankings of each stakeholder are included in the software’s
calculation of the relative weighting for the Alternative Selection Criteria and the Project
Performance Criteria.

Alternative Selection Criteria
As discussed in Section 1, SFAs have been identified across the City as part of the Modeling efforts.
As part of the SWMP, multiple alternatives will be generated that mitigate the flooding at each SFA.
The Alternative Selection Criteria will be used to evaluate each SFA to select the preferred
alternative.

A. Initial Criteria
The initial Alternative Selection Criteria developed, as discussed in Section 2, were presented at
the beginning of the Workshop and consisted of three categories: Environmental Impact,
Operational Impact, and Value. As seen in Figure 1, these criteria evaluate the relative
opportunities and challenges related to project implementation.
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Figure 1. Initial Alternative Selection Criteria presented at SWMP Criteria Workshop
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B. W orkshop Modifi cations
As discussed in Section 3, stakeholder groups examined the criteria and definitions in more
detail. Several themes emerged from the group discussions that changed the criteria categories,
wording, and/or the definitions. Modifications involving criteria names and categories were
implemented in the AHP software tool utilized in the criteria weighting survey session of the
Workshop.
Adjustments to the Alternative Selection Criteria wording made during the Workshop are listed
below:
· Changed “Environmental Impact” to “Environment”
o Changed “Environmental Permitting Difficulty” to “Permitting & Compliance”
o Changed “WQ Enhancement Opportunities” to “Water Quality Enhancements”
· Changed “Operational Impact” to “Constructability & Operations”
o Changed “Future Operation and Maintenance” to “Operation and Maintenance”
o Changed “Reconstruction of Recent Infrastructure” to “Infrastructure Impact”
o Divided Community Disruption into two (2) subcategories: Residential and NonResidential.
· Changed “Value” to “Other Benefits”
o Changed “Cost-share Opportunities” to “Internal Cost Sharing”
o Changed “External Funding Sources” to “External Cost Sharing”
· Changed “Multiple Outcomes” to “Other Accrued Benefits”

C. W orkshop Resul ts
After each stakeholder went through the online AHP survey, the individual weights from each
attendee were combined and averaged by the software for the Alternative Selection Criteria. The
resulting weights (as percentages) are shown in Figure 2.

D. Final Criteria
Additional naming modifications were made to the Alternative Selection Criteria after the
Workshop based on detailed review of the facilitator notes from each break out group. No
adjustments were made to the criteria weights after the conclusion of the workshop. The focus of
the post-workshop modifications was to clarify the individual criteria definitions. Figure 2
represents the final Alternative Selection Criteria weighting (as percentages). Figure 3 presents
the criteria under each category for the final Alternative Selection Criteria weighting. Refer to
Appendix F for the final Alternative Selection Criteria definitions.
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Figure 2. Workshop Results for Alternative Selection Criteria Weighting
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Figure 3. Final Alternative Selection Criteria
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Project Performance Criteria
As discussed in Section 4, the Alternative Selection Criteria will be used to identify the preferred
alternative to resolve a specific SFA. The Project Performance Criteria will be used to evaluate the
benefits of implementing one of these projects versus another within the same or different drainage
basin or watershed.

A. Initial Criteria
The initial Project Performance Criteria developed as discussed in Section 2 were presented at
the beginning of the Workshop and consisted of four categories: Civic Impact, Emergency Access
Flood Mitigation, Nuisance Flood Mitigation, and Street/Structure Flood Mitigation. As presented
in Figure 4, these criteria measure the relative benefits of implementing a project. The benefits
will be quantified by the reduction in the depth, duration, and/or frequency of flooding.
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Figure 4. Initial Project Performance Criteria presented at SWMP Criteria Workshop
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B. W orkshop Modifi cations
As discussed in Section 3, stakeholder groups examined the criteria and definitions in more detail.
A few themes emerged from the group discussions that changed the criteria categories, criteria
wording, and/or the definitions of the criteria. Modifications involving criteria names and categories
were implemented in the AHP software tool utilized in the criteria weighting survey session of the
Workshop.
Adjustments to the Project Performance Criteria wording made during the Workshop are listed
below:
·

·

·

Civic Impact
o Changed “Citizen Complaints” to “Flood Reports”
o Changed “SGA Areas” to “Growth Areas”
Changed “Emergency Access Flood Mitigation” to “Emergency Access”
o Changed “Critical Facility Access” to “Critical Facilities”
o Added “Hurricane Evacuation”
o Renamed “Fire and Rescue Response” to “Rescue Response”
Merged “Nuisance Flood Mitigation” & “Street and Structure Flood Mitigation” into: “Flood
Mitigation”
o Changed “Non-Structural Flooding Reduction” to “Non-Structural”
o Changed “Upstream Flooding Reduction” to “Upstream”
o Changed “Habitable Structure Flooding” to “Habitable Structure”
o Changed “Street Flooding” to “Street”

C. W orkshop Resul ts
After each stakeholder went through the online AHP survey, the individual weights from each
attendee were combined and averaged by the software for the Project Performance Criteria.
The resulting weights (as percentages) are shown in Figure 5.
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Figure 5. Workshop Results for Project Performance Criteria Weighting
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D. Final Criteria
Additional modifications were made to the Project Performance Criteria after the Workshop. The
focus of the post-workshop modifications was to clarify the individual criteria definitions. Based on
input received at the Workshop during the online AHP survey for the Project Performance
Criteria, the following adjustments were made:
·

·
·
·

Combined “Rescue Response” with “Critical Facilities” based on comments from
Emergency Management Department.
o The weighting assigned to “Fire and Rescue Response” was evenly divided
between “Critical Infrastructure” and “Hurricane Evacuation.”
Renamed “Critical Facilities” to “Critical Infrastructure”
Changed “Disadvantaged Areas” to “Social Vulnerability”
Based on information provided by the City, Hurricane Evacuation Routes was broken out
into two criterions to capture primary and secondary routes. It should be noted that
secondary routes are still being identified and will be finalized at a later date.
o 25% of the weighting assigned to “Hurricane Evacuation Routes” was assigned
to “Primary Hurricane Evacuation Routes” and the remaining 75% was assigned
to “Secondary Hurricane Evacuation Routes”.
o More weight was assigned to secondary routes since these routes are
anticipated to be more susceptible to flooding than the primary routes.

The final Project Performance Criteria are shown below in Figure 6, and the final criteria and
categories are presented in Figure 7. Appendix F contains the final Project Performance Criteria
definitions.
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Figure 6. Final Project Performance Criteria Weighting
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Figure 7. Final Project Performance Criteria
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Preliminary Scoring
Scoring is the next step in alternative and project development for the SWMP. Using the weights
determined during the workshop, scores will be assigned to each alternative and project based on the
ability to meet the criteria described in the previous sections and in Appendix F. First, the Alternative
Selection Criteria will be scored for a specific SFA. The alternative with the highest score will be
converted into a project. Then the project will be assigned a score based on the Project Performance
Criteria. The last step is to factor in the Benefit-Cost Ratio (BCR) into the final score for each project.
The total scores will be utilized to categorize projects into tiers for implementation.
Table 1 below shows the ranges for the scores that will be assigned to each alternative and project.
Appendix G contains detailed information regarding how a project would score low or high based on
the description of the criteria. In cases where the criterion is binary (“yes” or “no” result), then it will be
treated as follows: if the criteria is met, a score of 8 -10 will be given and if it is not, a score of 0 will be
given.
Table 1. Scoring Scale
Score Ranges for Alternative & Project Scoring (out of 10 possible)
Low Benefit (0 – 3)

Moderate Benefit (4 – 7)

Significant Benefit (8 – 10)

Table 2 shows the Alternative Selection weighting with possible scores, and Table 3 shows the
weighting and possible scores for the Project Selection Criteria for a hypothetical SFA. Table 4 shows
how the scores in the two preceding tables are combined with the BCR to determine the total project
score. To help clarify how the scoring would be achieved, Appendix G contains an example with
calculations.
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Table 2. Alternative Selection Scoring
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Table 3. Project Performance Scoring

Table 4. Total Score Determination
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Conclusion
Consensus has been reached for two sets of SWMP Criteria that will be utilized to identify and
prioritize projects as part of the SWMP based on a review of national best practices, previous
efforts associated with the Master Drainage Modeling, and extensive collaboration with
stakeholders representing multiple City departments.
From this collaboration, the weighting of the Alternative Section Criteria and Project Performance
Criteria was applied to a preliminary scoring matrix. The ultimate goal of the scoring matrix is to
categorize projects into tiers for implementation.
Prior to full-scale implementation of the SWMP Criteria within the four (4) major watersheds, a
case-study of Drainage Basin 8 is recommended to accomplish the following:
·
·
·
·

Refine the scoring scale for the SWMP Criteria
Validate scoring results returned by the SWMP Criteria for developed alternatives
Validate the consideration of the benefit-cost analysis (BCA) into the overall project
prioritization
Validate assumptions for comprehensive Stormwater Master Plans such as:
o Desired level of detail for the development of alternatives to resolve SFA’s
o Desired level of detail for the Opinions of Probable Construction Cost (OPCC)
o Desired process for reducing the design LOS
o Considerations for improvement of upstream SFAs
o Dependency of upstream/downstream projects

Upon completion of the case study area, the finalized SWMP Criteria will be utilized in the
development of the City’s Comprehensive Stormwater Master Plans.
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APPENDIX A
Literature Review Summaries

City of Virginia Beach Stormwater Master Plan: Literature Review Summary

PRIORIT IZ AT ION MET HODOLOGY REPORT FOR URBAN DR AINAGE PROJ ECT S
December 2006
City of Lincoln, Nebraska
The City of Lincoln (City) developed two different ranking systems to prioritize stormwater projects. These criteria were
developed by the City and its consultant, an independent nonprofit, and an engineering peer review group in a series of
meetings and work sessions. The engineering peer group was made up of consultants from different companies. One
ranking system was devoted to closed systems, while the other was devoted to open systems. Even though each ranking
system had its own categories, the scores could be compared directly. Standardized ranking worksheets were developed
to score proposed drainage improvement projects based on the criteria summarized below. The worksheets and criteria
refer to the major and minor storm. The major storm is defined as the 100-year storm, while the minor storm is defined as
the 5-year or 10-year storm (JEO Consulting Group, 2006).
The closed system criteria are:
n

n

n

n

“Structural Flooding: Flooding which causes structures to be encroached by floodwater. The structural flooding
potential was identified through hydrologic and hydraulic analysis, study of topographic maps, field investigation
and recorded historic problems. If structural flooding on a property occurs as a result of the grading or other
changes made by the private entity, the City may choose not to consider structural flooding in its priority ranking.
The structural flooding category is further divided into the severity of the flooding potential by having a higher
multiplier for the minor storm event structural flooding frequency as compared to the major storm event structural
flood frequency” (JEO Consulting Group, 2006, p. 4).
“Non-Structural flooding: Flooding which causes storm water to pond on the street, public or private property
for an extended period without encroaching any structure. The non-structural flooding potential in the study area
was evaluated for the minor storm event and identified through hydrologic and hydraulic analysis, study of
topographic maps, field investigation and recorded historic problems. If non-structural flooding on a property
occurs as a result of the grading or other changes made by the private entity, the City may choose not to consider
non-structural flooding in its priority ranking. The non-structural flooding category is further subdivided to account
for the severity of the flooding by having a higher multiplier for the flooding on arterial street right of way” (JEO
Consulting Group, 2006, p. 4).
“Existing Infrastructure Condition: This category includes the structural condition and maintenance frequency
for a given storm water drainage system. The information for this category was obtained from the City
maintenance staff. This category is subdivided into three categories to address the severity of the problem” (JEO
Consulting Group, 2006, p. 4).
“Miscellaneous Factors: These include health and safety, critical locations, community development,
downstream impacts, complaints, undeveloped/developed area, cost, legal issues and links to other
improvements to be considered in the prioritization system. The ranking points for this category were provided by
the watershed management staff” (JEO Consulting Group, 2006, p. 4).
n

Provides a means for “negative” points, that could be associated with downstream impacts, legal issues, etc.

The open system criteria are:
n
n

Flooding Impact: Same as Structural Flooding criteria for closed systems.
“Culvert Capacity: The amount of flow a structure can convey prior to overtopping. The overtopping frequency
was identified through hydrologic and hydraulic analysis, study of topographic maps and field investigation. The
culvert category is further divided into the severity by having a higher multiplier for the overtopping street type
(arterial street compared to a non-arterial street)” (JEO Consulting Group, 2006, p. 6).
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n

n
n

“Open Channels: This category includes the condition and capacity for the given open channel system. The
information regarding the condition of the channel was obtained from field visits and from City maintenance staff.
This category is subdivided to address the severity of the erosion condition: threatening to structures, roadways
or other infrastructure; or threatening to natural resources or properties. The capacity of the channel was
identified through hydrologic and hydraulic analysis. The open channel category is further divided by having a
higher multiplier based on deficiency: insufficient capacity to convey expected 50-year peak flows; insufficient
capacity to convey expected 100-year peak flows” (JEO Consulting Group, 2006, p. 6).
Condition and Maintenance: Same as Existing Infrastructure Condition criteria for closed systems.
Miscellaneous Factors: Same as Miscellaneous Factors criteria for closed systems.

Appendix A detailed the process of how the CIP prioritization was developed. As mentioned above, the criteria were
developed by the City and its consultant, an independent nonprofit, and an engineering peer review group in a series of
meetings and work sessions. The consulting team first reviewed a series of approaches that were used for other CIP
development programs. Based on this review, the City determined it would use a written scoring approach (JEO
Consulting Group, 2006).
The criteria and scoring system were developed through three meetings with the engineering peer committee, the City
and its consultant (project team), and an independent nonprofit organization. The nonprofit organization served as a
facilitator for the project team and the engineering peer committee. The engineering peer committee was made up of
consultants from various companies. The details of the City employees (departments, titles, etc.) was not provided (JEO
Consulting Group, 2006).
During the first meeting, the participants considered a list of factors that the City had precompiled. They narrowed down
the factors and discussed comments and questions that came up. They also decided the cost of the project would be
considered separately from the criteria (JEO Consulting Group, 2006).
During the second meeting, the participants were given 12 criteria (based on criteria that was determined from the
previous meeting) and asked to distribute 100 points throughout the criteria (higher the points the higher the criteria). The
draft ranking sheet and definitions were sent to the committee for review after this meeting. The final meeting was used to
discuss questions and concerns about the draft ranking sheet (JEO Consulting Group, 2006).
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CIT Y OF BOULDE R STORMWATER MAST ER PL AN – CH APT ER 4 AND 5
June 2007
Boulder, Colorado
City of Boulder (City) used a XPSWMM model, runoff, hydraulic, and water quality calculation to identify hydraulic problem
areas within the City. After the problem areas were identified, the problem areas were broken down into 3 different tiers
“utilizing a point-based matrix using a weighted criteria approach” (HDR Engineering, 2007, p. 36). Systems included in
the Stormwater Master Plan include Major Drainageways, Irrigation Canals, and Storm Drains 18” + diameter totaling 52
miles. Infrastructure was evaluated for the 2- and 5-year storm events as well as the water quality storm for the existing
and future land use scenarios. Ultimately, the future land use scenario was used for problem identification. Problem
override criterion were developed for nodes where the HGL surcharged for less than 15 minutes per day and/or surcharge
depths were less than 0.2 feet, removing 60 model nodes (4%) of flooded nodes (HDR Engineering, 2007).
Six prioritization criteria and definitions were identified. For each problem location, the criterion was given a ranking
between 1-10. The rankings for each criterion were then multiplied by a weighted factor and then added together (HDR
Engineering, 2007). The criteria and weighted factors were:
n

n

n

n

n

n

Problem Extent (13%): “Length of the storm drain system that is identified as a hydraulic problem. This is
intended to be a measure of the extent of the street and associated inlets that are impacted by the surcharged
hydraulic grade line. This criterion is determined for each problem location by calculating the length of the storm
drain system between surcharged and/or flooded nodes” (HDR Engineering, 2007, p. 37).
Flooded Volume (25%): “Volume of flow that exceeds the rim elevation. This is intended to be a measure of the
problem severity by evaluating the volume of runoff that could potentially escape the storm drain system into the
street and result in localized flooding. This criterion is determined as direct output from XPSWMM summed for all
flooded nodes within a problem location. Note this does not include surcharged nodes (HGL within 1-ft of the rim)
and identifies locations with severe flooding potential” (HDR Engineering, 2007, p. 37).
Structure Impact (31%): “Number of buildings or structures potentially impacted by system flooding. This
measures the problem severity for flooded nodes by differentiating node flooding in densely developed areas or
where development is well above the rim of the storm drain system. This criterion is calculated using flooded
node HGL elevations intersected with the surrounding building elevations in the project GIS” (HDR Engineering,
2007, p. 37).
Length of High QRATIO (6%): “The QRATIO is defined as the peak system flow divided by the manning’s full flow
capacity of the pipe. The higher the QRATIO the more severe the capacity problem is in the pipe segment. This is
intended to be another measure of problem severity for a surcharged or flooded system and typically identifies the
cause of the flooded volume and problem extent criterion. This criterion is calculated as direct output from
XPSWMM by multiplying the QRATIO by length for each pipe segment where the QRATIO is greater than 1.1” (HDR
Engineering, 2007, p. 37).
Data Confidence (9%): “General ranking of the amount of data gaps remaining that are adjacent to a problem
node or pipe. This would be a measure of the level of confidence in how the model is predicting actual system
hydraulics with respect to the best available data. For example, if a problem location is a result or partial result of
a model element that was not able to be surveyed, it would rank as a less severe issue. A resulting
recommendation would be for additional data collection in that area” (HDR Engineering, 2007, p. 37).
Water Quality Area of Concern (16%): Identifies problem locations that may have multi-objective solutions. This
identifies if the hydraulic problem area is adjacent to or contains a Water Quality Area of Concern (HDR
Engineering, 2007).

“Due to the large number of problem locations and limitations within the City’s capital budget, a ranking was performed on
the problem areas to group the conveyance problems into three tiers defined as” (HDR Engineering, 2007, p. 36):
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n
n
n

Tier 1: severe problem area
Tier 2: major problem area
Tier 3: minor problem area

Natural breakpoints in the aggregate score for each of the problem areas were used to group the problem locations into
the different tiers. Multiple project alternatives were developed for Tier 1 and 2 problem areas. Conceptual alternatives
utilized the XPSWMM model and GIS and typically considered pipe replacement, hydraulically parallel pipes, flow
diversions, and detention. Tier 1 and 2 alternatives were summarized in fact sheet format including information such as
problem location, problem summary, alternative summary, technical data, benefits, land ownership, permitting, and
implementation considerations (utility relocations, groundwater, MOT, special means and methods, etc.). Alternatives
were not developed for Tier 3 problem areas as they were resolved with pipe replacement (HDR Engineering, 2007).
“Tier 1 problem areas received a more detailed analysis at this concept alternative stage as the problems are generally
more severe” (HDR Engineering, 2007, p. 43).
“Multiple factors were considered in developing each alternative. Although each problem area had unique constraints and
required a different set of improvements, a number of common themes were followed:
n
n
n
n
n

To minimize capital expenditures, the existing infrastructure was used to the maximum extent possible.
Land acquisition, in terms of size and ownership and potential development pressures, was considered when
locating system improvements.
Where feasible, system improvements were located in public property, right-of-way.
Where canal capacity problems exist, storm drain flows entering the canal system were eliminated if practical.
For problem areas that discharge to a canal, alternatives were investigated that remove the outfall to the canal by
diverting flow to a major drainageway or storm drain with sufficient capacity” (HDR Engineering, 2007, p. 43).

“The identification of the preferred alternative was based on a qualitative assessment of the information presented in the
fact sheets. In addition, factors including alignment opportunities, utility constraints, land ownership, perceived cost and
whether the project could be connected with other planned City capital improvements were also considerations in
identifying the preferred alternative” (HDR Engineering, 2007, p. 44).
The recommended implementation plan lists problem areas in order according to spatial location from upper left
to lower right within each sub basin and do not indicate the improvement priority (HDR Engineering, 2007).
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CITY OF FREDERICKSB URG DR AIN AGE MAST ER PL AN – CH APT ER 3
August 26, 2016
Fredericksburg, Texas
The City of Fredericksburg (City) developed a prioritization system for stormwater projects with help from an engineering
consultant. First, the consultant worked with City stakeholders and identified seven different ranking criteria (Freese and
Nichols, Inc., 2016). These ranking criteria were:
n
n
n
n
n
n
n

Street Flooding Hazard
Infrastructure Damage
Frequency of Flooding
At Risk Velocity
Project Cost
Availability of External Funding
Land Acquisition Needs

Then the consultant used a “Pairwise” process to assign ranks 1-7. The pair wise process involved stakeholders weighing
each criterion against the other. The results were then added together and used to rank each of the seven (7) criteria. The
highest score was ranked 1 and the lowest score was ranked 7. The different criteria were then given a description and a
point system (0-10) to assign to the category to be used to score the projects (Freese and Nichols, Inc., 2016). For
example:
n

“Infrastructure Damage – This category is used to account for the cost of damage that may be caused to public
infrastructure as a result of the situation to continue unabated. Because it is best to prevent significant damage to
the infrastructure before safety becomes an issue and costs escalate dramatically, areas with a higher cost
potential for damage will receive a higher point value for this category. Project scoring is based on damage
potential cost using engineering judgment” (Freese and Nichols, Inc., 2016, p. 9).

Note: Freese and Nichols, Inc. (2016). City of Fredericksburg Drainage Master Plan. Fredericksburg, Texas.
Criteria weights were then multiplied to the scores to develop the final score. The final deliverable included a prioritized list
of projects. The intent of the list is to provide the City with a method for determining which projects receive priority and not
an implementation schedule (Freese and Nichols, Inc., 2016).
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CITY OF BEN D ST ORMWAT ER MAST ER PL AN – CH APT ER 4
July 2014
Bend, Oregon
To prioritize their storm water flooding problems, the City of Bend (City) first identified 35 areas that experience chronic
flooding. The City and its consultant met and discussed which top 5 flooding problems would be further analyzed. Initially,
the City identified 13 criteria that they considered (URS, 2014). These criteria were:
n
n
n
n
n
n
n
n
n
n
n
n

Concerns about safety, health, and fire
Regulatory compliance
Magnitude of impact
Costs for repair
History of flooding – length of problem
Whether a solution is apparent
Property damage (actual and perceived)
Access
Effects on water quality
Number of complaints
Severity of flooding
Whether flooding is private or public

Equity – solutions needed across the City and not focused in one area
They narrowed down their criteria to three to help identify the 5 high-priority areas to the following:
n

Safety/health/fire
n

n

Property damage
n

n

“The Fire and Life criteria have to do with ensuring that the standards for protecting the public are met,
including not only access for emergency vehicles, but also timely response of emergency vehicles. Safety
involves the protection of drinking water and includes decommissioning or treating dry wells in drinking water
protection areas (DWPA)” (URS, 2014, p. 4-9).

“Property damage includes damage by flooding structures and can also include heavy erosion of yards and
landscaping” (URS, 2014, p. 4-9).

Magnitude of impact
n

“Magnitude of impact considers the number of people affected by the problem and the amount of public
benefit gained by the solution” (URS, 2014, p. 4-9).

Ten sites were chosen for field survey and field visits with an engineer and a hydrogeologist “to determine drainage areas,
identify flows generated from the 2- and 25-year storm event, identify potential solutions, and determine whether
infiltration is a workable solution based on the underlying soils” (URS, 2014, p. 4-9). Based on these investigations, each
of the 10 areas were ranked high, medium, or low priority for each of the three criterion summarized above.
Documentation of the qualitative/quantitative assessment is not provided. Based on rankings, the 5 high-priority areas
were identified. Conceptual solutions and fact sheets were developed for each of the 5 areas. Each solution includes a
water quality component (URS, 2014).
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T OWN OF CHAPEL H ILL ST ORMWAT ER MANAGE MENT PROGR AM MAST ER PL AN
PHASE 1 REPO RT – APPEND IX 3
October 2008
Chapel Hill, North Carolina
In the Chapel Hill Phase 1 report, the Town of Chapel Hill (Town) provided a spreadsheet in the appendices that
summaries the preliminary prioritization methodology that the Town uses for prioritizing a project (Jewell Engineering
Consultants, PC, 2008). These categories include:
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

Public Safety/Public Health
Property damage
Regulatory Mandates
Water Quality Benefits
Stream Restoration Benefits
MS4 Operation & Maintenance
Source of Problem
Permitting Requirements
Mitigation Requirements
Complexity of Project
Impact of Project
Community Character
Innovative Technologies
Cost of Project
Cost Sharing

The Town plans to develop and maintain flexibility in defining specific ratings for each of the criteria. Importantly, once the
relative weights and rating factors are established they will be applied consistently from project to project. Should
controlling regulations or other environmental factors change, the model framework is flexible to be adapted to new
conditions. This approach is also consistent with the strategy inherent in developing the stormwater program master plan.
The report does not however explain how the weights and ratings were developed for the above criteria. An example of
the project prioritization ranking is presented in following section (Jewell Engineering Consultants, PC, 2008).
The Town also performed a stakeholder exercise, where in three Stakeholders Stormwater staff, Stormwater Advisory
Board, and Manager’s Office were asked to rank the ten council-adopted stormwater goals and the Town’s relative
strength of various stormwater program components (Jewell Engineering Consultants, PC, 2008). The results of these
exercises are presented in Tables 13 & 14.In addition to the above two prioritizations, the Town also performed a larger
survey with both internal and external stakeholders to obtain an overall feedback on the Town’s stormwater management
program. The Town received 793 responses of the 3,000 mailed surveys (Jewell Engineering Consultants, PC, 2008).
Survey results are presented in Appendix 4.
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Appendix 3

CIP Rating Model

Town of Chapel Hill Stormwater Management Program
Stormwater CIP Priority Rating System
General Information:

Project Number:

2008 - 003

Project Name: Burning Tree Drive Culvert Replacement & Stream Restoration (EXAMPLE ONLY)
Location:
Scope:

Burning Tree Drive @ Cleland Dr
Culvert at Burning Tree Drive undersized and requires analysis and upgrade
Stabilize and restore stream both upstream and downstream of Burning Tree culvert
Evaluate connecting street drainage system along Cleland

Preliminary Cost Estimate ($):

Evaluate downstream impacts of culvert upgrade

Comments:

Rated By:
Date:

$650,000

Complaints from neighborhood residents over the years
Minor flooding impacts to residential property, relatively infequent
Golf course located downstream
May be able to "bank" credits for stream restoration beyond requirements for culvert impacts
0
Stormwater Staff Member

Preliminary CIP Rating (%)

23-Jul-08

Preliminary Benefit Index:

46.4
0.442

[100% = maximum rating]
[1.0 = maximum benefit index]

Basic CIP Eligibility Criteria:
A-

Project must be located within corporate limits of Chapel Hill

[Y = YES

N = NO]

B-

Project must receive and/or convey public stormwater runoff

[Y = YES

N = NO]

C-

Project must be consistent with and advance Stormwater Management Program goals

[Y = YES

N = NO]

D-

Project must be consistent with overall Town policies and goals

[Y = YES

N = NO]

Y
Y
Y
Y

[Y = YES

N = NO]

Y

* Project must satisfy Basic CIP Eligibility Criteria A, B, C, and D

Weight

Weighted
Project Points

Weighted Maximum
Available Points

% Project
Points

% Maximum
Available Points

% Contribution to
Benefit Index

1.00

6

6.0

10.0

12.4

60.0

20.9

0.092

No safety / health hazard (0)

Intermediate safety / health hazard

High safety / health hazard

0.95

4

3.8

9.5

7.8

40.0

13.2

0.058

No property damage (0)

Moderate property damage

Significant property damage

Regulatory Mandates

0.90

0

0.0

9.0

0.0

0.0

n/a

n/a

No mandate (0)

Intermediate priority mandate

High priority mandate

Water Quality Benefits

0.85

4

3.4

8.5

7.0

40.0

11.8

0.052

No water quality benefits (0)

Moderate water quality benefits

Significant water quality benefits

0.80

5

4.0

8.0

8.3

50.0

13.9

0.062

No benefits to stream system (0)

Moderate benefits to stream

Significant benefits to stream

system

system

Moderate benefits to MS4 O&M

Significant benefits to MS4 O&M

Criterion
Public Safety / Public Health

Actual Contribution to
Benefit Index
(0 or 1)

Rating Definitions
5

Project
Ratings

10

[Threat to human life and limb]

[Benefit]

Property Damage
[Benefit]

[Benefit]

Stream Restoration Benefits
[Benefit]

MS4 Operation & Maintenance

0.75

7

5.3

7.5

10.8

70.0

18.3

0.081

No benefits to MS4 O&M (0)

0.75

9

6.8

7.5

13.9

90.0

n/a

n/a

Low level of public runoff (1)

Intermediate level of public runoff

High level of public runoff

[Less than 10% public at POI]

[25% public at POI]

[50% or greater public at POI]

[Benefit]

Source of Problem

Permitting Requirements

0.60

8

4.8

6.0

9.9

80.0

n/a

n/a

Very difficult to permit (1)

Potential permitting issues

No permitting issues

Mitigation Requirements

0.50

9

4.5

5.0

9.3

90.0

n/a

n/a

High level of mitigation (1)

Moderate level of mitigation

No mitigation required

[30% of project cost or higher]

[15% of project cost]

[0%]

Very complex (1)

Typical or moderate level of

Simple solution

Affects only one or a few individual

Affects moderate-sized area and/or

Affects large area and/or watershed

properties (1)

moderate-sized drainage basin

within Chapel Hill

No character benefits (0)

Moderate community character

Significantly enhances community

benefits

character

Complexity of Project

0.50

6

3.0

5.0

6.2

60.0

n/a

n/a

Impact of Project

0.95

3

2.9

9.5

5.9

30.0

9.9

0.044

complexity

[Benefit]

Community Character

0.40

4

1.6

4.0

3.3

40.0

5.6

0.025

[Benefit]

Innovative Technologies

0.30

6

1.8

3.0

3.7

60.0

6.3

0.028

No innovative technologies (0)

[Benefit]

Cost of Project

0.70

Cost-Sharing

0.50

1

0

0.7

0.0

7.0

5.0

1.4

0.0

10.0

n/a

0.0

0.0

n/a

0.000

[Benefit]

Total Points or %:

72.0

48.45

104.50

100.0

Preliminary CIP Rating (%) =

48.45

divided by

104.50

x 100 equals =>

46.36

Preliminary Benefit Index =

28.70

divided by

65.00

equals =>

0.442

Final Phase 1 Report
Town of Chapel Hill

n/a

100.0

Moderate use of innovative

Significant use and/or advancement

technologies

of innovative technologies

High cost project (1)

Intermediate cost project

Low cost project

[$500,000 or more]

[$250,000]

[$20,000 or less]

No cost-sharing (0)

Intermediate level of cost-sharing

High level of cost-sharing

[0%]

[25% cost-sharing]

[50% or greater cost-sharing]

0.442
%

October 2008
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Note: Jewell Engineering Consultants, PC. (2008). Town of Chapel Hill Stormwater Management Program
Master Plan. Chapel Hill: Town of Chapel Hill.

Note: Jewell Engineering Consultants, PC. (2008). Town of Chapel Hill Stormwater Management Program
Master Plan. Chapel Hill: Town of Chapel Hill.
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Appendix 4

Master Matrix of Stakeholder Group Surveys

Town of Chapel Hill Stormwater Program Master Planning Project - Phase 1
Master Matrix of Internal & External Stakeholder Survey Questions
INTERNAL STAKEHOLDERS
Stormwater
Advisory

#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Survey Question
Rate the overall water quality of the creeks, streams, and lakes in Chapel Hill.
How do you think the typical citizen of Chapel Hill would rate the overall water quality of local creeks, streams, and lakes?
How significant do you think each of the following potential sources of water pollution is to the quality of streams and lakes in Chapel Hill?
Of all the above possible souces of water pollution, please select and rank those which you think are the six largest sources.
Are you aware of any other potential sources of water pollution to receiving streams and lakes in Chapel Hill?
Are you aware of any specific water pollution problems in local creeks, streams, ponds, or lakes within Chapel Hill?
Are you aware of any storm drainage problems in Chapel Hill?
Are you aware of any hazardous flooding problems in Chapel Hill?
Stormwater program mission & priorities: Please rank the relative importance of the 10 program priorities.
Please review and rate each as either a Strength (3), a Positive with room for improvement (2), or a Weakness (1) of the current program.
What other Strengths do you see in the current stormwater management program?
What other Weaknesses or Deficiencies do you see in the current stormwater management program?
What are the most significant and important accomplishments of the Town's stormwater management program to date?
What are the most significant and important challenges facing the Town's stormwater management program?
If additional financial resources are needed, how much do you think the Chapel Hill public would be willing to pay for stormwater services?
Public R/W only vs. System beyond R/W: Which statement better states your thinking?
How important is the Town's stormwater management program to the Town's comprehensive plan?
How important do you think it is to align the Town's stormwater program with regional stakeholder interests?
How important do you think it is to align the Town's stormwater program with regional stakeholder interests if this increases costs?
Describe the intensity of the following stormwater-related problems in Chapel Hll over the last five to ten years.
What should be the most important measures of success for Chapel Hill's stormwater management program?
Which stormwater services (existing and/or future) provided by the Town are most important and valued from the perspective of residents?
If the Chapel Hill stormwater program was "benchmarked" today against other programs in NC, how do you think it would rate comparatively?
Construction site erosion and sediment control: With which statement do you agree?
How well does the storm drainage system generally function within Chapel Hill?
How would you generally rate the maintenance of the storm drainage system within Chapel Hill?
In a paragraph or less, please describe your vision of the most successful stormwater management program for Ch-Hill within the next 10 years.

Board
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Survey Recipient Information: Name, Position(Town Staff), Telephone #, Email address, Department & Division, Advisory Board, Commission or Organization Name
What is the length of your service as a full-time employee (or elected Council/Board member or external agency) of the Town of Chapel Hill?
Have you worked in other Departments or Divisions during your career with the Town of Chapel Hill? If YES, which other Departments?
Stormwater Staff & Engineering Director: What are the specific stormwater programs and services in which you are involved.
Can you think of any new and/or enhanced stormwater programs or services that may be desirable for citizens and property owners?
How do citizens and property owners typically contact the Town for assistance with a stormwater-related issue?
What are the most common types of stormwater-related inquiries from citizens and property owners?
Do you think it would be helpful for Town employees to receive more information and training on stormwater requirements and programs?

BCS

Stormwater

Manager's

Town

Staff
10
11
14
15
16

Office
4
5
7

Council
5
6
8

8

Town
Department

Town Advisory
Boards and

Heads & Staff
5

Commissions

10

10

9

13

12

Residents
9

17
18
19
20
21
22

13
14
15
16
11
12

13

10
11

13
14

13
27
28
29
12
23
6
30
24
25
26
32
0
1
2
5
7
8
9
31

17
23
24
25
18
19
9

14
19
20
21
12
18
9

15

20
21
22
27
0
1

15
16
17
22

16
17
18

11
12

10
11

0
1
2

Contact Info

Contact Info

20
21
1
3
16
17
18
19
2

19
20

4
5
6
8

3
4
5
7

9

8

14

13

20

15
7
22

14
6
21

To All Department Heads
& Sr. Staff
(39 Received)

To All Boards &
Commissions
(5 Received)

25 External Stakeholder
Surveys
(12 Received)

2

9

6
26

7

8
19
12
12

Which Town of Chapel Hill Advisory Board/Commission do you represent?
How important is the natural environment as an element of your Advisory Board/Commission (or of your work's) organizational goals?
Have you or any members of your organization had interactions within the past 2 years with the Town's SW Management Program or SW Adv Board?
If yes to the previous question, please describe the nature or extent of interaction(s).
If you had interaction within the last 2 years, were you satisfied with the response you received? (Refers to above Q. 40)
If you had interaction within the last 2 years, and were not satisfied with the response, please explain why. (Refers to above Q. 40)

3
4

2
3

3
4

3
4

How aware were you of the Town of Chapel Hill's stormwater management program before you received this survey?
If aware of the stormwater management program, how did you learn about it?

7

Are you aware that property owners in Chapel Hill pay a stormwater fee to fund stormwater programs and services provided by the Town?
Where does stormwater go after it enters storm drains in Chapel Hill?

2
15
16
17
18
1

Chapel Hill's drinking water comes from_________?
Does the Town have a responsibility to provide stormwater programs/services to reduce pollution entering into local creeks and lakes?
Should the Town should provide funding and technical help to reduce drainage and flooding problems on private property within Chapel Hill?
Does your property or neighborhood have drainage or flooding problems?
Have you contacted the Town within the last year for assistance with a stormwater-related issue (such as drainage, flooding, erosion, etc.)?
If YES to previous question, were you satisfied with the response and service you received from the Town?
If NO to the previous question, please explain why.
Does a lawn care company provide service for your yard or common area?
If YES to the previous question, which services do they provide?
If you do not use a lawn care service, what actions do you perform to take care of your yard?
Does your household have a pet dog?
If YES to the previous question, how often do you or the designated dog walker pick up pet wastes for disposal?
Do you take your used chemicals, paint, batteries, or other household hazardous wastes to the Orange County HHHW Center ?
Do you change your vehicle's motor oil at home?
If yes to the previous question, what do you do with the used motor oil?
Do you agree or disagree that unmowed vegetation should be kept along the edges of creeks and lakes?
Have you ever used the Town's Internet Website (www.townofchapelhill.org) for access to stormwater-related information?

33

Please share any comments, questions, or suggestions that you may have regarding the Town's stormwater programs and services.

28

23

Demographic: What is your gender?
Demographic: What is your age group?
Demographic: What is your ethnicity?
Demographic: Do you rent or own your residence?
Demographic: What kind of residential property do you live in?
Demographic: How many people (including yourself) live in your household?

1

Demographic: How long have you lived in Chapel Hill?
Demographic: Are you currently a full-time college student?
Demographic: What is the highest level of education you have completed?
Demographic: What is your Chapel Hill zip code?
Demographic: What is your annual household income?

Audience and Number of Surveys

Final Phase 1 Report
Town of Chapel Hill

18
12

1
2
3
4
5
7
8
10

6

Overall, how serious a problem is drainage and flooding due to stormwater runoff in Chapel Hill?

Summary Results in Chart and/or Table herein
See Individual Surveys for Results

11

10

If YES to previous question, please note the specific ways in which the Stormwater program can support and help advance your goals & vice-versa.

How important do you think protecting the natural environment is to quality of life in Chapel Hill?

Community

11

Do the Town's stormwater goals, programs, and services have any relationshop or bearing upon the goals and activities of your organization?

How would you rate the overall quality of life in Chapel Hill?

EXTERNAL
STAKEHOLDERS

To All Stormwater
Advisory Board Members
(12 Received)

To All Stormwater
Staff Members
(5 Received)

To All Manager's
(2 Received)

To All Council Members
(2 Received)

14
13
15
16
17
20
21
22
23
24
25
26
27
19
6
28
29
30
31
32
33
34
35
36
37
38
39

Mailed 3,000
(793 Received)

Survey Color Coding (Question Number within Individual Survey Identified)
- Completed in Phase 1
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T OWN OF CHAPEL H ILL ST ORMWAT ER MANAGE MENT PROGR AM MAST ER PL AN
PHASE 2 F INAL R EPORT - SECT ION 2
September 2014
Chapel Hill, North Carolina Phase II
The Town of Chapel Hill (Town) identifies their stormwater problems through resident’s reports and complaints and
inspections of drainage infrastructure. If a problem is identified and cannot be easily addressed by maintenance staff and
is eligible for capital improvement expenditure and a detailed scoring process. Scoring is based on observations of the
system and, if necessary, hydrologic and hydraulic analyses. The problems are addressed and a stormwater conveyance
remediation project or a flood mitigation project. These projects are ranked in separate scoring systems (Jewell
Engineering Consultants, PC, 2014).
The Town uses a “first flush” classification system to respond to the backlog of historical problems:

Note: Jewell Engineering Consultants, PC. (2014). Town of Chapel Hill Stormwater Master Plan Phase 2 Final Report.
Chapel Hill: Town of Chapel Hill.
A problem must be ranked as A or B to be considered for a CIP project.
Stormwater conveyance problems include pipes or culverts that need to be remediated or stream bank erosion (Jewell
Engineering Consultants, PC, 2014). The following erosion table is used to assign scores for erosion problems:
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Note: Jewell Engineering Consultants, PC. (2014). Town of Chapel Hill Stormwater Master Plan Phase 2 Final Report.
Chapel Hill: Town of Chapel Hill.
The following table is used for culvert condition:

Note: Jewell Engineering Consultants, PC. (2014). Town of Chapel Hill Stormwater Master Plan Phase 2 Final Report.
Chapel Hill: Town of Chapel Hill.
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After a rating score is selected, then a factor is applied to the rating score based on the route classification:
n
n
n

100% for arterials streets or “collector or local street which is the single ingress/egress route for public facilities
and/or service vehicles” (Jewell Engineering Consultants, PC, 2014, p. 64).
80% for collector streets
60% for local streets

Then an additional 5 points can be added based on maintenance frequency or flooding problems (Jewell Engineering
Consultants, PC, 2014). The criteria for additional points for maintenance frequency are:
n
n
n

5: Excessive maintenance is required, and/or frequent complaints are received
3: Non-routine maintenance is frequently required
1: non-routine maintenance is sometimes required

The criteria for additional flooding problems are:
n
n
n

5: Road overtopping or structure flooding experienced or expected in 10% annual chance event
3: Road overtopping or structure flooding experienced or expected, but less frequently than 10% annual chance
event
1: Excessive and frequent ponding on road or flooding in yard or parking area

All these scores are added together for the final project score. Storm water staff can override project scores if they believe
a lower ranking score should be prioritized.
Flooding problems are used to mitigate flooding problems where culverts are too small for the stream crossing. These
problems will not include problems within the FEMA 1% floodplain. Points are assigned to flooding problems based on the
table below:
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Note: Jewell Engineering Consultants, PC. (2014). Town of Chapel Hill Stormwater Master Plan Phase 2 Final Report.
Chapel Hill: Town of Chapel Hill.
The Town will prioritize funding for a study if the flooding problem does not have an easily identifiable cause. Since
projects of this nature will only decrease the risk of flooding, the will be rescored based on post project flooding risk. The
rank of the flood mitigation projects will be based on the difference between the pre and post project flood risk (Jewell
Engineering Consultants, PC, 2014).
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CDM SM IT H MEMOR ANDUM- PWCN-1 4-0193C, WORK OR DER 12C STORMW AT ER
MAST ER PL AN CRIT ERIA - DR AFT
October 2018
City of Virginia Beach, VA
The CDM Smith Memorandum written for the City of Virginia Beach (City) outlines the approach to prepare a Stormwater
Master Plan (SWMP). To identify projects, the City will use their watershed models to evaluate drainage systems based
on level of service. The level of service criteria are defined as:
n

n

n

Roadway Overflows: “Road overflows describe flooding that is primarily perpendicular to roads or streets; which is
caused by limited capacity in culverts or bridges where the Primary Stormwater Management System (PSMS)
crosses the road. In these cases, the primary system includes ditches, canals, rivers or streams, but may also be
interconnected ponds. In some cases, road overflows may be caused by a constriction in an underground pipe
system. Road overflows may also be tailwater-driven” (CDM Smith, 2018, p. 2).
Street Flooding: “Street flooding generally occurs in areas where the PSMS lacks the capacity to drain a given
storm. Usually, street flooding is governed by the underground pipe system, but may also be influenced by
ditches, canals, streams, rivers, ponds, and lakes (and their control structures), as well as pumps. Stormwater
systems are not typically designed to convey lower recurrence storms, such as the 50-year or 100-year storms;
therefore, the 2-year, 10-year, and 25-year storms provide the basis for evaluating street flooding LOS.
Additionally, principal arterial routes should remain passable for the larger storms, and the appropriate LOS is
applied based on roadway classification” (CDM Smith, 2018, p. 2).
Structural Flooding: “Structure flooding is identified by intersecting building footprints with the mapped flood
extents to determine if the structure would be expected to flood. In some cases, incidental overlap between the
edge of the building and the flood extent can be excluded (and not counted). It should be noted that first floor
elevations are not known for most buildings in the City” (CDM Smith, 2018, p. 2).

“The LOS for the stormwater system establishes the performance standard, and LOS can vary for new development
versus retrofit conditions where various physical and cost constraints produce diminishing returns. As a starting point, the
recommended goals for retrofit of the City’s existing stormwater system were formulated to protect public safety and
property as practicable:
n
n

Limit peak stages to 3 inches or less above the road crown for the 10-year design storm, and
Prevent flooding of structures during the 100-year design storm” (CDM Smith, 2018, p. 3).

Alternatives are developed and screened based on the LOS criteria defined above and consider constraints and
opportunities. Cost-effectiveness, ease of implementation, adaptability to sea level rise and climate change, and
vulnerability to future land use will be considered in the selection of each project.. All this information is summarized in a
fact sheet for the project. The prioritization of the projects is based on consequences of not implementing the project and
project urgency. The projects should be prioritized in each watershed as well as across all watersheds (CDM Smith,
2018).
The consequences of not implementing the project is defined and scored through:
n
n
n

Fiscal Responsibility
Customer/Stakeholder Engagement
Operational Excellence

The weighting and scores for these categories are:
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Note: CDM Smith. (2018). WO12C Stormwater Master Plan Criteria Draft. Virginia Beach: City of Virginia Beach.
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Table 1 (cont.) Consequences of Not Implementing a Project

Note: CDM Smith. (2018). WO12C Stormwater Master Plan Criteria Draft. Virginia Beach: City of Virginia Beach.

Page 17 of 19

City of Virginia Beach Stormwater Master Plan: Literature Review Summary

Project urgency is defined and scored based on “predicted timing/likelihood of damage in the near-term verses long-term
horizons, with likely near-term damage receiving a higher ‘urgency’ score” (CDM Smith, 2018, p. 8). The scoring for this
category is:

Note: CDM Smith. (2018). WO12C Stormwater Master Plan Criteria Draft . Virginia Beach: City of Virginia Beach.
Based on the combined scores, the projects are placed in categories I through IV based on the figure below.

Note: CDM Smith. (2018). WO12C Stormwater Master Plan Criteria Draft . Virginia Beach: City of Virginia Beach.
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APPENDIX B
Master Drainage Modeling Draft Criteria Memorandum

Memorandum
To:

Greg Johnson, P.E., City of Virginia Beach

From:

CDM Smith

Date:

October 26, 2018

Subject: PWCN-14-0193C, Work Order 12C Stormwater Master Plan Criteria - Draft

1.0 Introduction
The City of Virginia Beach is an urbanized coastal community located in southeast Virginia and
is a major economic resource to the region. The City is bounded by the Atlantic Ocean, the
environmentally sensitive Chesapeake Bay, and Back Bay, and the cities of Norfolk and
Chesapeake. The City has an approximate population of 450,000 residents and a total area of
497 square miles, with approximately half of that area being water (estuaries, lakes, streams
and wetlands). The area has low-lying topography, typical of coastal communities, that is
intersected by intracoastal waterways. Additional characteristics include high intensity rainfall,
significant tidal influence, limited soil storage for infiltration, high impervious area, ground
subsidence issues, and limited surface storage. These factors all contribute to historical and
future severe rainfall and tidal flooding risk. The City’s stormwater management system
consists of an extensive network of swales, inlets, storm drains, culverts, bridges, channels,
canals, pump stations and retention-detention storage systems.
This memorandum presents the conceptual approach for preparing the City’s Stormwater
Master Plan (SWMP). The SWMP is a guide for evaluating the stormwater system level of service
(LOS) and to identifying and evaluating alternative improvements to the City’s stormwater
management system to enhance performance and increase the City’s resilience to flood risk. The
SWMP quantifies vulnerability based on the probability of both rainfall and tidal storm surge
comprehensively. Planning scenarios also include future sea levels, precipitation changes and
development/re-development conditions. The SWMP prioritizes capital improvements to guide
the City’s investments in the stormwater system to meet performance demands and renew
aging infrastructure to achieve the City-specified LOS. The SWMP also compliments the City’s
ongoing NPDES MS4, Chesapeake Bay TMDL, and watershed management efforts to protect
streams, rivers, lakes and estuaries that include: land use planning; regulation of development;
control of water pollution; stream buffer protection and stream restoration, and; outreach and
education.

2.0 Level of Service Criteria
The primary purposes of LOS criteria are to protect public safety and property, and provide
metrics to quantify LOS at locations throughout the City stormwater system. The SWMP
program’s goals are to maintain passable roads for emergency and evacuation traffic, and
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control flood stages below homes and buildings as practical. LOS criteria are defined for
roadway overflows, street flooding, and structure flooding.

2.1 Roadway Overflows
Road overflows describe flooding that is primarily perpendicular to roads or streets; which is
caused by limited capacity in culverts or bridges where the Primary Stormwater Management
System (PSMS) crosses the road. In these cases, the primary system includes ditches, canals,
rivers or streams, but may also be interconnected ponds. In some cases, road overflows may be
caused by a constriction in an underground pipe system. Road overflows may also be tailwaterdriven. Road overflows are a specific public safety concern. According to the Federal Emergency
Management Agency (FEMA), six inches of water will reach the bottom of most passenger cars
and can cause control loss and stalled vehicles. One foot of water will float many vehicles and
can make roads impassable for most traffic.

2.2 Street Flooding
Street flooding generally occurs in areas where the PSMS lacks the capacity to drain a given
storm. Usually, street flooding is governed by the underground pipe system, but may also be
influenced by ditches, canals, streams, rivers, ponds, and lakes (and their control structures), as
well as pumps. Stormwater systems are not typically designed to convey lower recurrence
storms, such as the 50-year or 100-year storms; therefore, the 2-year, 10-year, and 25-year
storms provide the basis for evaluating street flooding LOS. Additionally, principal arterial
routes should remain passable for the larger storms, and the appropriate LOS is applied based
on roadway classification.

2.3 Structure Flooding
Structure flooding is identified by intersecting building footprints with the mapped flood
extents to determine if the structure would be expected to flood. In some cases, incidental
overlap between the edge of the building and the flood extent can be excluded (and not
counted). It should be noted that first floor elevations are not known for most buildings in the
City.

3.0 Master Plan Level of Service Scenarios
3.1 Existing Conditions
The City’s watershed model results are evaluated with respect to the LOS criteria. The LOS
criteria are then used to evaluate the effectiveness of improvements considered for inclusion in
the SWMP. The LOS definition directly affects the size and cost of improvement alternatives.
Many of the City’s older stormwater systems do not meet the City’s current engineering design
standards. The LOS for the stormwater system establishes the performance standard, and LOS
can vary for new development versus retrofit conditions where various physical and cost
constraints produce diminishing returns. As a starting point, the recommended goals for retrofit
of the City’s existing stormwater system were formulated to protect public safety and property
as practicable:



Limit peak stages to 3 inches or less above the road crown for the 10-year design storm,
and
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Prevent flooding of structures during the 100-year design storm

3.2 Sea Level Rise and Climate Change
Virginia Beach and the Hampton Roads area have been experiencing sea level rise at a slow,
gradual pace since tide levels have been recorded. Anticipated increases in sea level will
increase water levels in the Lynnhaven and Elizabeth River, and exacerbate surge conditions in
the southern watersheds. Changes in tidal boundary conditions that produce increased water
levels will impact the performance of tributary stormwater drainage systems. For planning
purposes, two sea level rise conditions are included to evaluate future vulnerability, and for
recommended improvement alternatives.
Similar to rising sea levels, the City recognizes that rainfall patterns are changing and is in the
process of updating requirements in the Public Works Specifications and Standards. The City’s
updated design storms adjusted to reflect anticipated increases in design storm magnitude are
to be used to evaluate future vulnerability, and for recommended improvement alternatives.

4.0 Stormwater Project Formulation
4.1 Project Formulation and Screening
The alternatives development and evaluation process begins with the identification of
improvement alternatives for each defined project area based on constraints and opportunities.
Each project area will be reviewed, and any constraints and opportunities to site improvements
should be documented:



Constraints include available land, ROWs, and easements, flood prone areas; soils,
groundwater table, threatened and endangered (T&E) species, significant infrastructure
corridors (transportation, water, sewer, telecommunication, gas, etc.).



Opportunities include coordination with redevelopment and urban renewal, parks and
greenways, other planned infrastructure improvements (transportation, water, sewer,
etc.), stakeholder support and joint stormwater improvement projects with stakeholders
(public entities and private landowners in public-private partnerships).

Prior to further evaluation, each alternative will be reviewed for feasibility. Feasible projects for
each project area will then be evaluated and sized to meet City-defined LOS criteria.
Improvements required to achieve the City-defined LOS will be specific to each project area. In
general, the following conceptual solutions are likely candidates to be considered:



Addition of storage (floodplain restoration and stormwater management facilities, such as
retention and detention basins, exfiltration, swales, etc.)



Increase road elevations in select locations without changing historic flow paths;



Provide alternative evaluations routes and access roads to floodprone properties;



Increase culvert or channel capacity to locations where storage can be utilized without
“moving the problem;
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Increase collector and outfall pipe size (capacity increase);



Increase the number of outfalls with backflow prevention (low head loss systems);



Barrier with backflow prevention to limit influence and extent of tidal flooding;



Stormwater pump station to increase drainage capacity where gravity discharge is limited
by downstream conditions;



Raise floodprone buildings; and/or



If supported by City policies, purchase repetitive loss floodprone properties where the
costs for improvements are much greater than the property values and add storage.

4.2 Future Land Use
The City’s zoning regulations define the basis for potential new development and
redevelopment, and the City’s Comprehensive Plan establishes the framework for strategic
growth, parks, recreation facilities, transportation needs and other land use processes. In the
context of stormwater planning, new development and redevelopment has the potential for
increasing impervious area and stormwater runoff. While regulations are in place to mitigate
stormwater quality and discharge impacts, increased impervious area still represents a
potential vulnerability to the downstream stormwater system.
For the SWMP, stormwater projects will be evaluated with a future land use condition. The
future land use condition will be defined based on available zoning, assuming development of
open space and vacant parcels where allowed by zoning. Land cover in the watershed model
will be modified, and stormwater projects will be refined as needed to understand potential
impacts and vulnerability to stormwater runoff increases.

4.3 Project Cost
Planning-level opinions of probable project cost (OPPC) will be developed for each stormwater
project at an Estimate Class 4 level as defined by AACE International (formerly the Association
for the Advancement of Cost Engineering). This estimate class is typical for projects at the
concept or feasibility phase of project definition. Quantities and unit costs to develop the OPPC
will be documented for each project. Unit costs should be based on the City’s most recent
stormwater project planning efforts and supported by available stormwater and roadway
construction bid tabulations. Where available, costs should be compared with industry standard
unit cost references and adjusted using engineering judgement. The expected accuracy of Class
4 estimates can be expected to range from -30% to +50 percent (%). It should be recognized
that actual construction costs are largely dictated by market conditions at the time of bidding.
For the SWMP and project budgeting, project costs should also include assumed values for
change orders, the City’s administrative costs, land acquisition, easement acquisition, financing
or funding costs, legal fees, or other costs that would not be specifically part of a contractor’s
scope of work.
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4.4 Project Selection and Documentation
The recommended alternative for each project area will be selected based on the completed
analyses. Cost-effectiveness, ease of implementation, adaptability to sea level rise and climate
change, and vulnerability to future land use will be considered in the selection of each project. A
fact sheet and data summary will be compiled for each project, similar to the City’s Capital
Improvement Program (CIP) presented in Figure 1 below.

Figure 1 – Example Project Fact Sheet from Virginia Beach Capital Improvement Program
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Project fact sheets should include a description of the proposed project with enough detail for
those unfamiliar with the project to understand the purpose of the proposed project, location
and extent, project components, costs, and benefits.

Project Description
 Project Location, tributary area (watershed, named/defined receiving waterbody,
intersection and/or neighborhood area) and watershed Alternative number.



General purpose and description of the project (i.e. “Project is to improve LOS of an
arterial roadway,” or “Project is to provide stabilization of streambanks, floodplain
storage with water quality benefits”).



Tributary area to project site.



Summary of improvements in tabular lists, including quantities used for determining
project cost



Project conceptual details in plan-view layouts on GIS figures; cross sections of
proposed floodplain, stream, and detention areas; and profile of proposed
culvert/bridge/storm sewer.



Required permits and land acquisition (purchases, easements, and ROWs).



Project cost (project construction and implementation costs)



Summary of project benefits



Project Phases and Interdependencies (relationship to other projects within the
watershed or sequencing to prevent adverse impacts)

Sea Level Rise, Climate Change and Future Land Use Considerations
Project content and cost to accommodate future conditions should be quantified and
summarized:



Summary of additional improvements to accommodate sea level rise and climate change
precipitation



Project cost to accommodate sea level rise and climate change precipitation



Summary of additional improvements to accommodate future land use conditions
(including sea level rise and climate change precipitation)



Project cost to accommodate future land use conditions (including sea level rise and
climate change precipitation)

Project Benefits
 Current and expected LOS;


Reductions in peak flood stages (from the tabular summaries);
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Reduction in the extent of flooding (inundated area for the 10- and 100-year design
storms);



Changes in peak flow rates (pre and post alternative/project);



Changes in runoff volumes (pre and post alternative/project);



Valuation of protected property;



Water quality (treatment mechanism and volume provided);



Recreational (parks, trails, greenways);



Aesthetic (visual buffers, landscaping, increased O&M of trash and debris, et al).

Implementation Issues
Any implementation issues that are foreseen during the development of the recommended
alternative should be presented on the fact sheet for the proposed project. The issues could
include:



Relocation, rehabilitation, or replacement of utilities,



Impacts to natural systems in the construction of improvements,



Removal of existing landscaping,



Removal of structures within the proposed project corridor, and/or



Coordination with permitting agencies, other jurisdictions, City departments, outside
utilities, and other stakeholders (wetlands, water quality, and other issues)



Constructibility

Enough information should be provided to allow the reviewer/practitioner to understand the
specific implementation issues that will be encountered during the project. It is recognized that
not all implementation issues can be identified prior to the development of construction
drawings, or possibly even prior to construction. The implementation issues that are to be
summarized as part of the fact sheets are limited to those that are apparent during the
development of the alternative.

5.0 Consequences of Not Implementing the Project
Many programs use the maximization of project benefits for prioritization. The Consequence of
Not Implementing a Project score will consider potential benefits of the recommended option in
the scoring. A maximum potential score of 50 is possible, with each of the three general
categories weighted as 1/3 (or approximately 33.33 percent) of the total score. The three
general categories are:
1) Financial (Maximum Score = 50/3 = 16.67),
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2) Customer and Stakeholder Engagement (Maximum Score = 50/3 = 16.67), and
3) Operational Excellence (Maximum Score = 50/3 = 16.67), which is further delineated into
two subcategories:
3a) Environmental (Maximum Score = 50/3/3 = 5.56), and
3b) Safety (Maximum Score = 100/3/3 = 11.12).
Table 1 presented in Attachment 1 lists each of the scoring factors. A project causing minimal
consequences if not implemented is assigned a rating of 0, while a project causing significant
consequences if not implemented is assigned a rating of 3. Table 1 also provides a score
description and lists considerations for developing the score.

6.0 Project Urgency
Project urgency scores a project based on its predicted timing/likelihood of damage in the nearterm verses long-term horizons, with likely near-term damage receiving a higher “urgency”
score. For flooding, the assessment identifies the threshold of impact based on the most
frequent (smallest rainfall) design storm event that causes damage (e.g. the 2, 10, 25, 50, 100year design storm events). This threshold design storm event is used to represent urgency, with
expected damages beginning during a smaller, more frequent storm event (e.g. 2- year storm)
yielding a higher urgency score than those damages beginning during a larger, less frequent,
event (e.g. a 10- or 25-year storm). Similarly, projects that are only needed to address future
conditions (sea level rise and climate change) but not existing conditions are also less urgent.
Table 2 lists each of the project urgency scores, ranging from 50 (highest urgency) to 0.5 (least
urgent). Table 2 provides the scores and descriptions, as well as considerations for developing
the scores.

7.0 Project Prioritization
As presented in Figure 2, project priorities in each watershed and across all watersheds will be
grouped into four categories:
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III

Urgency

High

IV

I
Medium
Priority

Highest
Priority

Lowest
Priority

Medium
Priority

Low

II
High

Consequence of Not Implementing the Project
Figure 2 – Project Prioritization

Prioritization is based the sum of two criteria:
1) Consequences of Not Implementing the Project(s) This score provides method for
comparing different projects in terms of the consequences if the project is not implemented and
the relative value of the potential benefits of each project.
2) Project Urgency due to likelihood of impact to public safety and/or damage to infrastructure
and/or the environment. Project phasing and sequencing builds on this ranking by considering
critical timing issues for successful implementation (projects function as “stand-alone” and in
unison), as well as the affordability of each individual project within the recommended option.
Recommended options emerging from the SWMP options evaluation process are first
prioritized within each watershed. Next, all projects that emerge through the SWMP process
are prioritized City-wide. Please note that project scoring is relative and provides a means to
compare multiple projects to determine the appropriate prioritization category (I to IV).

7.0 Master Plan Formulation
The SWMP reports and supporting data should be viewed as “living” documents. Once the
report is finalized and submitted, it should be reviewed periodically to ensure that the
recommendations that have been made, and the modeling that was completed are still
accurately representing the conditions in the watershed.

7.1 Procedure Development
The SWMP approach includes several evaluations and analyses. Specific procedures should be
developed and maintained to produce reliable, repeatable results. Examples of recommended
procedures to develop and document include:
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Roadway overflow, street flooding and structure flooding determinations



Sea level rise conditions



Climate change precipitation values



Critical facilities and infrastructure



Future land use conditions



Alternative formulation and analysis



Policy and criteria/standards recommendations for detention (water quality and water
quantity), floodplain protection, first floor flood elevations, and seawalls and bulkheads



Project construction unit costs and project implementation cost assumptions

7.2 Stormwater Master Plan Model Maintenance
As the recommended projects are implemented within watersheds, the models that were
developed during the master plan process should be updated to represent the as-built
conditions of the completed projects. New development/re-development projects that occur
within the watersheds over time should also be reviewed and incorporated as they occur.

7.3 Plan Updates and Adaptive Management
As projects are implemented in each watershed, the City should be able to, over time, assess
whether the implemented options meet the LOS goals for the PSMS. The SWMP should identify
appropriate times to confirm whether recommended options are meeting the LOS goals of the
PSMS. For example, if a recommended option will not be fully implemented for 3 years, then
LOS goals should be reviewed in 4 to allow for implementation. If it is determined that
alternatives or other changes in the watershed are not producing the desired impact on the
PSMS, a review of the SWMP recommendations will allow for a more adaptive management
technique to refine or re-prioritize recommendations that are not performing as expected and
to develop new recommendations to meet the LOS goals. Master plan documents should
provide a recommended time frame to review these types of implemented recommendations.
The recommended review periods could differ from watershed to watershed based on the
conditions in the watershed and the timeline for any expected changes in the watershed.

cc:

C.J. Bodnar, P.E.
Mike Morgan, P.E.

WO12C_MasterPlanCriteria_TechMemo_2018-10-26_draft.docx

Attachment 1

WO12C_MasterPlanCriteria_TechMemo_2018-10-26_draft.docx

Table 1 Consequences of Not Implementing a Project
Factor

Weight

Rating

Score

0

0

1

5.56

2

11.11

3

16.67

Score Description

Considerations for Developing Score

Fiscal Responsibility

Financial

1/3
(33.33%)

Up to $200,000 in damages caused by flooding at the desired
LOS
Up to $1 million in damages caused by flooding at the desired
LOS
Up to $3 million in damages caused by flooding at the desired
LOS
Up to $5 million in damages caused by flooding at the desired
LOS

x Property valuation considered for potential damages
x Use estimated cost of asset/property repairs where
available

x Replacement value of asset

Customer/Stakeholder
Engagement
0

0
5.56

1

Social/Reputational

1/3
(33.33%)
2

3
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11.11

16.67

No impact on public, customer, stakeholder or employee
confidence, and customer interaction occurs in a manner that
promotes understanding in a clear and timely manner. Less than
one-month recovery time.
Little immediate or noticeable impact on public, customer,
stakeholder or employee confidence and customer interaction
occurs in a manner that promotes understanding of District
activities in a clear and timely manner. Up to six months for
recovery time.
Impact on reputation involving moderate loss of public,
customer, stakeholder or employee confidence, possible adverse
media coverage, and potential litigation. Customer interaction
does not occur in a manner promoting understanding of District
goals. Up to one-year recovery time.
Impact on reputation involving significant loss of public,
customer, stakeholder or employee confidence, widespread
adverse media coverage, damaging litigation or permanent
impairment. Customer interaction does not occur in a manner
promoting understanding of District goals. Greater than oneyear recovery time.

x Severity of impacts under existing conditions (from
asset condition criteria)
x Number of complaints (and expected or actual
reduced number of complaints)
x How long the asset/area has been a problem (0 to 5
years, 5 to 10 years, 10 to 20 years, more than 20
years)
x Impact of project on community (construction,
relocations)

x Time to implement recommended option

Factor

Weight

Rating

Score

0

0

1

1.85

2

3.70

3

5.56

0

0

Score Description

Considerations for Developing Score

Operational
Excellence

Environmental

Safety

1/9
(11.11%)

2/9
(22.22%)

1

3.70

2

7.40

3

11.12
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No impact on water quality, aquatic habitat, watershed
protection or achievement of core mission of environmental
stewardship. Less than one-month recovery time.
Minimal impact on water quality, aquatic habitat, watershed
protection or achievement of core mission of environmental
stewardship. Up to six months for recovery time.
Moderate impact on water quality, aquatic habitat, watershed
protection or achievement of core mission of environmental
stewardship. Up to one-year recovery time.
Significant impact on water quality, aquatic habitat, watershed
protection or achievement of core mission of environmental
stewardship. Greater than one-year recovery time, if ever.

x Quantify storage added for stormwater management
facilities (detention) and for stream and floodplain
storage
x Project incorporates pollutant removal measures
x Time to deliver recommended option

No impact during LOS event

x Impacts to critical facilities or infrastructure

Impassable local roadways, erosion but no threatened
structures, and/or minimal building flooding during LOS event
Impassable local and arterial roadways, erosion threatening a
structure, and/or moderate building flooding during LOS event

x Type of Roadway Flooded (Highway, Arterial, Local)

Highways or railroads impassable, erosion threatening multiple
structures, and/or significant building flooding during LOS event

x Length of Roadway Flooded
x Length of Roadway Impassible
x Area Flooded

Table 2 Project Urgency
Score

Description

Considerations
Existing Conditions
Impacts include roadway overtopping or
structure damage
Impacts include roadway overtopping or
structure damage

50

x Flooding begins during the 2-year design storm

35

x Flooding begins during the 10-year design storm

25

x Flooding begins during the 2-year design storm

Impacts include street flooding

25

x Flooding begins during the 10, 25- or 50-year design storm

Impacts include street flooding on arterial
or primary roadways

15

x Flooding begins during the 10-year design storm

Impacts include street flooding

10

x Flooding begins during the 100-year design storm

Impacts include roadway overtopping or
structure damage

Future Sea Level and Climate Change Conditions
10

x Flooding begins during the 10-year design storm

5

x Flooding begins during the 10, 25- or 50-year design storm

2

x Flooding begins during the 100-year design storm
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Impacts include roadway overtopping or
structure damage
Impacts include street flooding on arterial
or primary roadways
Impacts include roadway overtopping or
structure damage
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APPENDIX C
SWMP Process Flow Chart

SWMP PROCESS FLOW CHART
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SWMP Workshop Materials
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Stormwater Master Plan (SWMP) Criteria Workshop Agenda
MORNING SESSION ( 8:45 – 11:45)


8:45-9:00: Participant Arrival Period and Sign-in



9:00-9:30: Overview Presentation and Discussion Session



9:30-10:10: Break Out Group Activity – Criteria Discussion #1



Break



10:20-11:00: Break Out Group Activity – Criteria Discussion #2



11:00 – 11:45: Break Out Groups Report Out

LUNCH BREAK (11:45 – 12:30)

AFT ERNOON SESSIO N (1 2:30 - 3:00)


12:30-1:00: Introduction to Criteria Ranking



1:00-2:50: Facilitated Criteria Ranking (includes 10 min. break)



2:50-3:00 Workshop Closing
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Memo
To: Stormwater Master Plan Criteria Workshop Attendees
From: Stormwater Engineering Center
Date: August 15, 2019
Re: Workshop Preparation Packet

We are looking forward to your participation in the Stormwater Master Plan Criteria
Workshop. Please review the attached information in advance to help you prepare.
Workshop Details:







Date: Tuesday, August 20, 2019
Time: 9:00am to 3:00pm (coffee and sign-in begins at 8:45am)
Where: Municipal Center Building 19, Training Room B
You will need a smart phone for an interactive survey exercise during the workshop. Please notify Tarig Omer
(tomer@vbgov.com) ASAP if you will not have this capability at the workshop so alternate arrangements can be
made.
Lunch will be provided

Workshop Background and Next Steps:
The City of Virginia Beach Public Works-Stormwater Engineering Center is undertaking a significant effort to develop a
Stormwater Master Plan (SWMP) to address our growing stormwater challenges. This is entirely separate, but equally as
important, as the ongoing Comprehensive Sea Level Rise and Recurrent Flooding Study.
The objective of the SWMP is to focus on the volume of storage and conveyance capacity in the City’s four major
watersheds (Ocean, Elizabeth River, Lynnhaven River, and Southern Rivers) which are made up of 31 drainage basins.
The primary stormwater management system (PSMS) is defined as pipes of 24” diameter or greater, and equivalent open
channels and associated outfalls. To date, Stormwater Master Planning efforts have evaluated the existing conditions of
the PSMS to determine what floods today under different design storms. These areas are called Simulated Flooding
Areas (SFAs). Beginning with our workshop, Stormwater Master Planning efforts will be focused on identifying and
prioritizing improvements to the PSMS system that will reduce today’s current flooding to more acceptable levels in the
future. 1
Next steps to identify and prioritize improvements to the PSMS can be summarized into the following three (3) steps and
are summarized graphically in the attached flow chart:
1. Develop Alternative Selection Criteria that will help evaluate multiple alternatives (typically 2-3) that will be created
to address each SFA. The Alternative Selection Criteria will ultimately identify the preferred alternative that will
become a real project with an anticipated cost that will be funded through the Capital Improvement Program
(CIP). Ultimately, hundreds of projects will be identified across the four (4) major watersheds and 31 drainage
basins.
2. The Project Performance Criteria will evaluate the merit of individual projects identified in Step 1 by assessing the
relative benefits of implementing one project versus another. Benefits may include factors such as reduced
flooding and increased public safety.
3. By determining the cost and benefits of each project in steps 1 and 2 respectively, a benefit-cost analysis (BCA)
will be performed for each project. Projects will then be placed into different tiers based on their Alternative
Selection score, Project Performance score, and BCA score. Project tiers will help decision makers prioritize
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projects to be implemented across the four watersheds and 31 drainage basins (remember…hundreds of
projects!).
Your input at the workshop will be crucial to establishing the Alternative Selection Criteria, Project Performance Criteria,
and determining the relative importance of each criterion. The criteria that are finalized after conclusion of the workshop
will become the foundation for the future funding and implementation of stormwater projects across the City.
Thanks again for your participation and we look forward to seeing you there!

References:
1. https://www.vbgov.com/government/departments/public-works/stormwater-master-planning/Pages/default.aspx

Attachments:
1. SWMP Criteria Workshop Agenda
2. SWMP Process Flow Chart
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Introductions

Stephen Thun, P.E., LEED AP

Uday Khambhammettu, P.E.

Karl Mertig, PWD
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David Whyte, P.E.

Samantha Riccio, P.E.

Randy Royal, P.E.

Ian Kaliakin, EIT
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Criteria Background
• Master Drainage Modeling
• National Best Practices
• 70+ masterplans
• Geographic significance
• Similarities and improvements

• Approximately 40 Criterion Considered
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Boulder, CO
Bend, OR
Chapel Hill, NC
Fredericksburg, TX
Lincoln, NE
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THOUSANDS OF SIMULATED FLOODING AREAS (SFA)
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Enhancement of
Natural Systems

Community
Disruption

Cost-Share
Opportunities

Environmental
Permitting Difficulty

Future Operation
and Maintenance

External Funding
Sources

WQ Enhancement
Opportunities

Land Acquisition/
Available Easements

Multiple Outcomes

Reconstruction of
Recent Infrastructure

7

Stormwater Master Plan Criteria Workshop | August 20, 2019

ENVIRONMENTAL
IMPACT

Criteria

8

Enhancement of Natural
Systems

Environmental Permitting
Difficulty

Extent of environmental state/federal regulatory approvals that will be
required and from how many agencies.

WQ Enhancement
Opportunities

Opportunities to incorporate SWMFs/BMPs to enhance water quality.
Enhancements will provide a means to work towards compliance with
VSMP requirements.
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OPERATIONAL
IMPACT

Critieria

Description

Community Disruption

Adverse impacts to the ability of citizens to access their neighborhood or
community assets as well as the nature (temporary/permanent) and
duration of impacts

Future Operation and
Maintenance

O&M requirements of the alternative to maintain successful operation
and extend longevity of the proposed infrastructure

Land Acquisition/
Available Easements

Reconstruction of Recent
Infrastructure

9

Description
Enhancement of open space or the surrounding natural system.
Enhancements may include creation of aquatic or wetland habitat,
restoration of degraded/eroding channels, or providing riparian
buffers/open space.

The acquisition of land that is required for implementation of the
alternative. Acquisitions may require standard easements for
infrastructure or entire parcels and could include public or private
property.

Alternatives that require reconstruction of recently constructed
infrastructure such as public utilities, streets, sidewalks, etc.
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Criteria

Description

VALUE

Cost-Share
Opportunities

10

Available opportunities for cost-sharing across multiple City
Departments/CIPs.

External Funding Sources

Availability of state/federal funding sources such as FEMA, NOAA, NFWF,
VCWRLF, OEA.

Multiple
Outcomes

Additional project benefits in addition to reduced flooding. Benefits may
include additional park space, executing other planned CIP projects
concurrently, or replacement of infrastructure that is documented to be
in poor condition (drainage infrastructure, public utilities, streets,
sidewalks, etc.)

Stormwater Master Plan Criteria Workshop | August 20, 2019

THOUSANDS OF SIMULATED FLOODING AREAS (SFA)
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Project Performance Criteria

Civic Impact

Emergency Access
Flood Mitigation

Street and Structure
Flood Mitigation

Citizen Complaints

Fire and Rescue
Response

Non-Structural
Flooding Reduction

Habitable Structure
Flooding

Disadvantaged Areas

Critical Facility
Access

Upstream Flooding
Reduction

Hurricane
Evacuation Routes

SGA Areas

12

Nuisance
Flood Mitigation

Street Flooding
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Criteria

Description

CIVIC
IMPACT

Citizen Complaints

Disadvantaged Areas

SGA Areas
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EMERGENCY ACCESS
FLOOD MITIGATION

Projects that reduce flooding located within SGA areas

Description

Fire and Rescue Response

Projects that reduce flooding associated with emergency response routes.

Critical Facility Access

Projects that reduce flooding associated with single points of access to
neighborhoods or critical infrastructure such as hospitals, fire and rescue
stations, police stations, shelters, etc.
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NUISANCE
FLOOD MITIGATION

Criteria

15

Projects that reduce flooding located in disadvantaged areas.
Considerations will be made for households with no vehicles and/or
households below the poverty line.

| August 20, 2019

Criteria

14

Documented citizen complaints that are addressed by a particular project.
The total number, frequency, history, and timing of complaints will be
considered. Timing is important to understand if the complaint only
occurred during a major storm event (i.e. hurricane and/or nor’easter).

Non-Structural Flooding
Reduction

Upstream Flooding
Reduction

Description

Reduction in the frequency, depth, and/or duration of non-structural
flooding experienced on private property that is caused by an undersized
public system. This will include flooding experienced by agricultural fields.

Level of improvement to upstream SFAs attributed to the project.
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STREET AND STRUCTURE
FLOOD MITIGATION

Criteria

16

Description

Habitable Structure
Flooding

Hurricane Evacuation
Routes

Reduction in the frequency, depth, and/or duration of flooding
experienced by inhabited structures.

Projects that reduce flooding impacts to hurricane evacuation routes.

Reduction in the frequency, depth, and/or duration of flooding
experienced by public streets.

Street Flooding
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THOUSANDS OF SIMULATED FLOODING AREAS (SFA)
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Workshop Objective
•
•
•
•

Multiple departments, diverse perspectives
Criteria are a starting point – we need your input and ideas
All criteria (and opinions) may not be equal
Measurable outcome = Weighted Criteria
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Measures of Success
• Engage in the process
• Participate
• Ground rules
• No bad ideas
• Speak up
• Ask questions
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Initial Criteria Discussion
• Questions about the presentation?
• Questions about the initial criteria?
• What is being left out?

20

Stormwater Master Plan Criteria Workshop | August 20, 2019

Lunch Break
• Find box lunch with your name on it
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Criteria Ranking
• Analytic Hierarchy Process (AHP)
• Methodology
• Similar applications
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AHP Demo
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Enhancement of
Natural Systems
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Disruption

Cost-Share
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External Funding
Sources

WQ Enhancement
Opportunities

Land Acquisition/
Available Easements

Multiple Outcomes

Reconstruction of
Recent Infrastructure

7

Value

Stormwater Master Plan Criteria Workshop | August 20, 2019

ENVIRONMENTAL
IMPACT

Criteria

8

Description

Enhancement of Natural
Systems

Enhancement of open space or the surrounding natural system.
Enhancements may include creation of aquatic or wetland habitat,
restoration of degraded/eroding channels, or providing riparian
buffers/open space.

Environmental Permitting
Difficulty

Extent of environmental state/federal regulatory approvals that will be
required and from how many agencies.

WQ Enhancement
Opportunities

Opportunities to incorporate SWMFs/BMPs to enhance water quality.
Enhancements will provide a means to work towards compliance with
VSMP requirements.
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OPERATIONAL
IMPACT

Critieria

Community Disruption

Adverse impacts to the ability of citizens to access their neighborhood or
community assets as well as the nature (temporary/permanent) and
duration of impacts

Future Operation and
Maintenance

O&M requirements of the alternative to maintain successful operation
and extend longevity of the proposed infrastructure

Land Acquisition/
Available Easements

The acquisition of land that is required for implementation of the
alternative. Acquisitions may require standard easements for
infrastructure or entire parcels and could include public or private
property.

Reconstruction of Recent
Infrastructure

9

Description
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Alternatives that require reconstruction of recently constructed
infrastructure such as public utilities, streets, sidewalks, etc.

Criteria

Description

VALUE

Cost-Share
Opportunities

10

Available opportunities for cost-sharing across multiple City
Departments/CIPs.

External Funding Sources

Availability of state/federal funding sources such as FEMA, NOAA, NFWF,
VCWRLF, OEA.

Multiple
Outcomes

Additional project benefits in addition to reduced flooding. Benefits may
include additional park space, executing other planned CIP projects
concurrently, or replacement of infrastructure that is documented to be
in poor condition (drainage infrastructure, public utilities, streets,
sidewalks, etc.)
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Project Performance Criteria

Civic Impact

Emergency Access
Flood Mitigation

Street and Structure
Flood Mitigation

Citizen Complaints

Fire and Rescue
Response

Non-Structural
Flooding Reduction

Habitable Structure
Flooding

Disadvantaged Areas

Critical Facility
Access

Upstream Flooding
Reduction

Hurricane
Evacuation Routes

SGA Areas

12

Nuisance
Flood Mitigation
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Street Flooding

Criteria

CIVIC
IMPACT

Citizen Complaints

Disadvantaged Areas

SGA Areas

13
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Description
Documented citizen complaints that are addressed by a particular project.
The total number, frequency, history, and timing of complaints will be
considered. Timing is important to understand if the complaint only
occurred during a major storm event (i.e. hurricane and/or nor’easter).

Projects that reduce flooding located in disadvantaged areas.
Considerations will be made for households with no vehicles and/or
households below the poverty line.

Projects that reduce flooding located within SGA areas

EMERGENCY ACCESS
FLOOD MITIGATION

Criteria

14

Description

Fire and Rescue Response

Projects that reduce flooding associated with emergency response routes.

Critical Facility Access

Projects that reduce flooding associated with single points of access to
neighborhoods or critical infrastructure such as hospitals, fire and rescue
stations, police stations, shelters, etc.

Stormwater Master Plan Criteria Workshop | August 20, 2019

NUISANCE
FLOOD MITIGATION

Criteria

15

Non-Structural Flooding
Reduction

Upstream Flooding
Reduction
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Description

Reduction in the frequency, depth, and/or duration of non-structural
flooding experienced on private property that is caused by an undersized
public system. This will include flooding experienced by agricultural fields.

Level of improvement to upstream SFAs attributed to the project.

STREET AND STRUCTURE
FLOOD MITIGATION

Criteria

16

Habitable Structure
Flooding

Hurricane Evacuation
Routes

Street Flooding
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Description

Reduction in the frequency, depth, and/or duration of flooding
experienced by inhabited structures.

Projects that reduce flooding impacts to hurricane evacuation routes.

Reduction in the frequency, depth, and/or duration of flooding
experienced by public streets.
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APPENDIX E
SWMP Criteria Workshop Facilitator Notes

City of Virginia Beach Stormwater Master Plan

Facilitator’s Guide:
Stormwater Master Plan (SWMP) Criteria Workshop Logistics
MORNING SESS ION (8:45 – 11:45)
Participant Arrival Period and Sign-in (8:45-9:00)
Overview Presentation and Discussion Session (9:00-9:30)
n
Introductory remarks by Stormwater team
n
Participants introduce themselves (name and department)
n
Team makes a brief PowerPoint presentation
n
n

SWMP background, process, and introduce initial criteria

Break Out Group Activity set up

Break Out Group Activity – Criteria Discussion #1 (9:30-10:10)
n
Objective: We are looking for ideas and perspectives, facilitator introduces the exercise
n
Facilitator establishes ground rules
n
Facilitator assigns the presenter
n
Any questions from the presentation? (5-10 minutes max.)
n
Determine group preference: talk about all criteria or alternative criteria, then project criteria
n
Questions about the initial criteria?
n
What suggestions do you have?
n
Consider the following perspectives:
n
n
n
n
n
n

Private resident or business owner
A City employee
An emergency responder
A farmer

Facilitators review information and participants can ask questions and get clarifications
Input is tracked on flip charts, and criteria modifications are identified

Break (10:10-10:20)
Break Out Group Activity – Criteria Discussion #2 (10:20-11:00)
n
Same process as for Alternative Selection Criteria
Break Out Groups Report (11:00-11:45)
n
Questions that do not fall into the suggested criteria are presented from each group
n
Areas of commonality are identified
n
Potential clarifications and modifications for the criteria are discussed
n
10-minute presentation per group (5 & 5), 15 minutes of larger group discussion at end
n
What questions does the group have?
n
What concerns does the group have?
n
What are the most important things that the group weighs in on in after lunch?
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LUNCH BRE AK (11:45 – 12:30)
n
n

Team adjusts AHP software with morning’s input and modifies criteria already prepared
Participants eat lunch

AFT ERNOON SESSIO N (12:30 - 3:00)
Introduction to Criteria Ranking Session (12:30-1:00)
n
Facilitated overview of App interface and process
n
“Dry Run” demonstration
Facilitated Criteria Ranking Session (1:00-2:50, Includes 1 Break)
n
Real-time app-based input from participants on criteria
n
Review and discussion with group on areas of divergence of input
n
n
n
n

For those that contributed to the outliers, what influenced their thinking?
Group dialogue around outliers
Ask participants whether they would like to provide new input on questions with outliers following dialogue

Summarize input received

Workshop Closing (2:50-3:00)
n
Next steps
n
Call for final questions and concerns on input session
n
Thank you
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GROUP ASSIGN MENT S
n

Group #1:
n

Facilitator: David Whyte (KH)
n
n
n
n
n
n
n
n
n
n

n

Group #2:
n

Facilitator: Karl Mertig (KH)
n
n
n
n
n
n
n
n
n
n

n

Phil Pullen (City Engineer)
Phillip Koetter (Operations)
Jonas Alered (Operations)
Phillip Roehrs (Coastal)
Katie Shannon (Public Works)
Tarig Omer (Stormwater)
Sue Kriebel (Stormwater)
Bobby Tajan (Planning)
Mike Mundy (Public Works)
Ian Kaliakin (KH)

Group #3:
n

Facilitator: Uday Khambhammettu (KH)
n
n
n
n
n
n
n
n
n

n

Tom Leahy (Dept. City Manager)
Diana St. John (Stormwater Regulatory)
Mark Jones (Operations)
Greg Johnson (Stormwater)
Amanda Medley (Stormwater)
Carrie Bookholt (DSC)
David Trimmer (Agriculture)
Andrew Friedman (Housing)
Mike Bumbaco (Public Works)
Samantha Riccio (KH)

Mark Johnson (PW Director)
Cheryl Cole (Operations)
Seth Edwards (DSC)
Steve Poe (Stormwater)
Toni Alger (Stormwater)
Don Piron (Utilities)
Mark Shea (SGA)
David Jarman (Transportation)
Erin Sutton (Emergency Management)

Floating
n
n
n

Stephen Thun (KH)
Randy Royal (KH)
CJ Bodnar (Stormwater)
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APPENDIX F
Final Criteria Definitions and Diagrams

STORMWATER MASTER PLAN

PROJECT SELECTION
CRITERI A DEFINITIONS

P R E P AR E D B Y

CRITERI A WORKSHOP
AUGUST 20, 2019
MODIFIED SEPTEMBER 6 , 2019
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SWMP Process Assumptions
1. Design Level of Service (LOS) will be in accordance with the proposed Public Works Design Standards Manual (PWDSM). Roads
shall remain passable (HGL below crown of roadway) and inhabited structure flooding shall be eliminated during the 100-year
storm. LOS will consider NOAA Atlas 14 rainfall with 20% increase, future land use, and 1.5’ of sea level rise (minimum). Backflow
prevention will not be considered in the development of alternatives.
2. LOS reductions may be required based on site specific constraints at the direction of the City Engineer. For example, for street
flooding, allow up to 3-inches of water above the crown of the road, while still preventing structure flooding during the 100-year
storm.

SWMP Criteria Definitions
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

13.
14.
15.
16.
17.

BMP – Best management practice
CIP – Capital improvement program
FEMA – Federal Emergency Management Association
FFE – Finished floor elevation
HGL – Hydraulic grade line
LOS – Level of Service
NEPA – National Environmental Policy Act
NFWF – National Fish and Wildlife Foundation
NOAA – National Oceanic and Atmospheric Administration
OEA – Office of Economic Adjustment
O&M – Operation and Maintenance
SFA - Simulated Flooding Area, or flooded areas that have been identified by the models created as part of the Master Drainage
Study. The focus of the SWMP will be to develop drainage infrastructure improvements that will at a minimum, reduce these areas
to the design LOS.
SGA – Strategic Growth Area
SWMF – Stormwater management facility
SWMP – Stormwater Master Plan
VCWRLF – Virginia Clean Water Revolving Loan Fund
VSMP – Virginia Stormwater Management Program
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ALTERNATIVE SELECTION CRITERIA
ENVIRONMENT– IMP ACT OF THE ALTERNATIVE O N THE ENVIRONMENT
1. Enhancement of Natural Systems
a. Definition: Enhancement of open space or the surrounding natural system. Enhancements may include creation of
aquatic or wetland habitat, restoration of degraded/eroding channels, or providing riparian buffers/open space.
b. Measurement: Qualitative
i. At the alternative level, this will be a qualitative assessment of benefits.
c. Scoring: Projects that enhance natural systems will score higher.
2. Permitting and Compliance
a. Definition: Extent of environmental state/federal regulatory approvals that will be required and from how many
agencies.
b. Measurement: Qualitative
i. Federal and state permit thresholds and conditions change every five to seven years so evaluation will
reflect the permit requirements at the time of the analysis and will not account for potential changes by the
time the project is implemented.
c. Scoring: Highest points will be awarded to projects not expected to require permits. Point values will decline as the
number of agencies requiring permits and the level of permitting complexity increases (Nationwide or Regional to
Individual; local wetlands board approval required, non-tidal to tidal impacts).
3. Water Quality Enhancements
a. Definition: Opportunities to incorporate SWMFs/BMPs to enhance water quality. Enhancements will provide a means
to work towards compliance with VSMP and TMDL requirements.
b. Measurement: Qualitative
ii. At the alternative level, this will be a qualitative assessment of benefits vs. requirements.
iii. Are these features anticipated to only supply the nutrient removal required for VSMP compliance or will
additional nutrient benefit be provided?
iv. Will the project require nutrient offsets?
c. Scoring: Higher points will be awarded to alternatives that provide natural SWMFs/BMPs that exceed that anticipated
project requirements, lower points will be awarded to alternatives that provide less natural SWMF’s/BMPs to only
comply with project requirements. A project will receive no points in this category if offsets are required for
implementation.

CONSTRUCTABILITY & OPERATIONS – IMP ACT OF THE ALTERN ATIVE TO THE
COMMUNITY AND OWNER
4. Community Disruption
a. Residential Community Disruption
i. Definition: Adverse impacts to the ability of citizens to access their neighborhood or community assets as
well as the nature (temporary/permanent) and duration of impacts.
ii. Measurement: Qualitative
1. Does the alternative inhibit or reduce points of ingress/egress to existing neighborhoods?
2. What about community assets such as recreation areas, public libraries, churches, shopping
centers, and government buildings?
iii. Scoring: Higher points will be awarded to alternatives that do not inhibit or reduce access to these facilities
and/or have shorter construction durations, lower points will be awarded for temporary impacts or longer
construction durations, no points will be awarded for permanent impacts.
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b. Non-residential Community Disruption
i. Definition: Adverse impacts to the ability of business-owners, employees and clients to access their place of
business or other non-residential facility, as well as the nature (temporary/permanent) and duration of
impacts.
ii. Measurement: Qualitative
1. Does the alternative inhibit or reduce points of ingress/egress to existing commercial and industrial
properties?
2. Does the alternative affect the economic impact of the business?
iii. Scoring: Higher points will be awarded to alternatives that do not inhibit or reduce access to these facilities
and/or have shorter construction durations, lower points will be awarded for temporary impacts or longer
construction durations, no points will be awarded for permanent impacts.
5. Operation and Maintenance
a. Definition: O&M requirements of the alternative to maintain successful operation and extend longevity of the
proposed infrastructure
b. Measurement: Qualitative
i. Does the alternative increase the methods or frequency of infrastructure maintenance beyond typical
practices?
ii. Are there any specific areas in the system, such as artificial sumps that will require special attention?
iii. Is sufficient access available for maintenance activities?
c. Scoring: More points will be awarded to alternatives with typical maintenance procedures and sufficient access, fewer
points will be awarded to alternatives with significant maintenance burdens and/or difficult access.
6. Land Acquisition/Available Easements
a. Definition: The acquisition of land that is required for implementation of the alternative. Acquisitions may require
standard easements for infrastructure or entire parcels and could include public or private property.
b. Measurement: Qualitative
c. Scoring: Higher points will be awarded to alternatives that require minimal land acquisition from publicly owned land,
lower points will be awarded for more extensive acquisition that is required from private land owners.
7. Infrastructure Impact
a. Definition: Alternatives that require reconstruction of recently constructed infrastructure such as public utilities,
streets, sidewalks, etc.
b. Measurement: Qualitative
c. Scoring: Higher points will be awarded to alternatives with minimal impacts to public utilities or other infrastructure
that has been identified for replacement. Lower points will be awarded to alternatives with more severe impacts to
public utilities or other infrastructure that has recently been constructed.

OTHER BENEFITS – POTENTI AL OF THE ALTERNATI VE TO RECEIVE FINANC I AL
ASSISTANCE OR ACHIEV E MULTIPLE OUTCOMES
8. Internal Cost-Sharing
a. Definition: Available opportunities for cost-sharing across multiple City Departments/CIPs.
b. Measurement: Qualitative
c. Scoring: Higher points will be awarded to alternatives that provide cost-share opportunities, no points will be awarded
to alternatives that do not.
9. External Cost-Sharing
d. Definition: Availability of state/federal funding sources such as FEMA, NOAA, NFWF, VCWRLF, OEA.
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e. Measurement: Qualitative
i. This criterion will be an assessment of known funding sources to be agreed upon by the project team and
not an exhaustive search for each alternative.
f. Scoring: Higher points will be awarded to alternatives with higher potential for securing external funding, lower points
will be awarded to alternatives with lower potential for securing external funding.
10. Other Accrued Benefits
a. Definition: Additional project benefits in addition to reduced flooding. Benefits may include additional park space,
executing other planned CIP projects concurrently, or replacement of infrastructure that is documented to be in poor
condition (drainage infrastructure, public utilities, streets, sidewalks, etc.)
b. Measurement: Qualitative
c. Scoring: Higher points will be awarded to alternatives that provide multiple outcomes, lower (or zero) points will be
awarded to alternatives that provide less impactful or no multiple outcomes.

PROJECT PERFORMANCE CRITERIA
Scoring methodology: Higher points will be awarded to projects that provide the greatest net benefit when comparing storm event
recurrence and experienced flooding between the existing and proposed condition. The scoring places a priority on mitigating higher
frequency flooding. As seen in Table 1 below, if a project improves flooding occurrence from a 2-year storm to a 10-year storm, that
project provides a greater improvement in terms of percent chance of occurrence when compared to the improvement between a 10year and 25-year storm and will thus achieve a higher score.
Table 1: Storm Recurrence with Corresponding Annual Percent Chance Occurrence
ST O R M
RE CU R RE NC E

% C H AN C E O F O CC U RR EN C E
IN A G IV E N YE A R

1- YR , 2 4 - H R

99

2- YR , 2 4 - H R

50

10- YR , 24 - HR

10

25- YR , 24 - HR

4

50- YR , 24 - HR

2

10 0- YR , 2 4 - HR

1

50 0- YR , 2 4- HR

0. 2

CIVIC IMP ACT – PROJECT’S IMP ACT ON CITIZEN CONCERNS AND IMPORT ANT
DEMOGRAPHICS
1. Flood Reports
a. Definition: Documented citizen complaints that are addressed by a particular project. The total number, frequency,
history, and timing of complaints will be considered. Timing is important to understand if the complaint only occurred
during a major storm event (i.e. hurricane and/or nor’easter).
b. Measurement: Qualitative/Quantitative
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c. Scoring: Refer to the Project Performance Criteria scoring methodology above. Additionally, projects that address a
high number and/or frequency of documented complaints that are independent of major storm events should be
scored higher than those that address a low number and/or frequency of complaints. Complaints that only coincide
with major storms will not be considered in scoring.
2. Social Vulnerability
a. Definition: Projects that reduce flooding located in disadvantaged areas. Considerations will be made for households
with no vehicles and/or households below the poverty line. Considerations will also be made for projects that
incorporate NEPA criteria for environmental and social justice.
b. Measurement: Quantitative
c. Scoring: Points will be awarded to projects that reduce flooding in disadvantaged neighborhoods, no points will be
awarded to projects that reduce flooding that is not in disadvantaged areas. Points awarded will be weighted
according to the Project Performance Criteria scoring methodology above.
3. Growth Areas
a. Definition: Projects that reduce flooding located within SGA areas
b. Measurement: Qualitative
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.

EMERGENCY ACCESS– PROJECT’S IMPROVEMENT OF ACCESS TO CRITICAL
INFRASTRUCTURE
4. Critical Infrastructure
a. Definition: Projects that reduce flooding to City critical infrastructure and routes to the critical infrastructure, as
defined in the 2019 Public Works Design Standards. Critical infrastructure also includes access to military bases.
b. Measurement: Quantitative
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.
5. Hurricane Evacuation
a. Definition: Projects that reduce flooding along hurricane evacuation routes. This includes primary hurricane
evacuation routes (e.g. large interstates) and secondary routes (e.g. state routes).
b. Measurement: Qualitative
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.

FLOOD MITIG ATION – PROJECT’S REDUCTION OF FLOODING
6. Non-Structural
a. Definition: Reduction in the frequency, depth, and/or duration of non-structural flooding experienced on private
property that is caused by an undersized public system. This will include flooding experienced by agricultural fields.
b. Measurement: Quantitative
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c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.
7. Upstream
a. Definition: Level of improvement to upstream SFAs attributed to the project.
b. Measurement: Quantitative
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.
8. Habitable Structure
a. Definition: Reduction in the frequency, depth, and/or duration of flooding experienced by inhabited structures.
b. Measurement: Quantitative
i. Structure flooding will be identified as the intersection of building footprints with the mapped flood extents.
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.
9. Streets
a. Definition: Reduction in the frequency, depth, and/or duration of flooding experienced by public streets. Street
flooding is not inclusive of critical infrastructure access routes.
b. Measurement: Quantitative
c. Scoring: Points will be awarded to projects that reduce flooding in these areas, no points will be awarded to projects
that don’t. Points awarded will be weighted according to the Project Performance Criteria scoring methodology
above.
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APPENDIX G
Example Scoring Scenario
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Example of Scoring Calculations: Start with Alternative X and Alternative Y for an SFA
Scoring Scale for Alternative Selection & Project Performance Criteria (out of 10 possible)
Low Benefit (0 – 3)
Moderate Benefit (4 – 7)
Significant Benefit (8 – 10)

Alternative X: Alternative Selection Scoring
Criteria

Weight, W

Score, S

W*S

Enhancement of Natural Systems
Permitting and Compliance
Water Quality Enhancements

6%
12%
5%

6
8
5

0.36
0.96
0.25

Environment

23%

Total Environment
Score

1.57

5%

2

0.10

5%

7

0.35

17%

5

0.85

18%

2

0.36

8%

5

0.40

53%

Total Constructability
& Operations Score

2.06

Other Accrued Benefits

4%
10%
10%

0
0
7

0.00
0.00
0.70

Other Benefits

24%

Total Other Benefits

0.70

TOTAL ALTERNATIVE
SCORE FOR ALT. X

100%

Out of 10 possible

4.33

Residential Community
Disruption
Non-Residential Community
Disruption
Operation & Maintenance
Land Acquisition/Available
Easements
Infrastructure Impact

Constructability &
Operations
Internal Cost Sharing
External Cost Sharing
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Alternative Y: Alternative Selection Scoring
Criteria

Weight, W

Score, S

W*S

Enhancement of Natural Systems

6%

2

0.12

Permitting and Compliance

12%

4

0.48

Water Quality Enhancements

5%

5

0.25

23%

Total Environment
Score

0.85

5%

8

0.40

5%

8

0.40

17%

5

0.85

18%

2

0.36

Infrastructure Impact

8%

4

0.32

Constructability &
Operations

53%

Total Constructability
& Operations Score

2.33

Internal Cost Sharing

4%

10

0.40

External Cost Sharing

10%

10

1.00

Other Accrued Benefits

10%

9

0.90

Other Benefits

24%

Total Other Benefits

2.3

TOTAL ALTERNATIVE
SCORE FOR ALT. X

100%

Out of 10 possible

5.48

Environment
Residential Community
Disruption
Non-Residential Community
Disruption
Operation & Maintenance
Land Acquisition/Available
Easements
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Alternative Y > Alternative X. Choose Alternative Y.
The next step is to evaluate the Project Performance Criteria for Alternative Y.
Alternative Y Project Performance:
Criteria

Weight, W

Score, S

W*S

Flood Reports
Social Vulnerability
Growth Areas

4%
3%
2%

2
8
5

0.08
0.24
0.10

Civic Impact

9%

Total Civic Impact
Score

0.42

2%

8

0.16

Primary Hurricane Evacuation
Routes
Secondary Hurricane
Evacuation Routes
Critical Infrastructure

6%

7

0.42

23%

8

1.84

Emergency Access

31%

Total Emergency
Access Score

2.42

Non-Structural
Upstream
Habitable Structure
Streets

4%
5%
38%
13%

10
10
9
9

0.40
0.50
3.42
1.17

Flood Mitigation

60%

Total Flood Mitigation
Score

5.49

TOTAL PROJECT
PERFORMANCE
SCORE FOR ALT. Y

100%

Out of 10 possible

8.33

Page 3 of 4

City of Virginia Beach Stormwater Master Plan

Final Table with BCR factored in the Alternative and Project Scores.
Flood Mitigation
Project

Alternative Score (AS)

Project Score
(PS)

Benefit-Cost Ratio
(BCR)

Total Score

Project Y

5.48

8.33

1.10

5.48 * 8.33 *
1.1 = 50.2
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