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There are four interrelated but separable effects of land-use changes on the hydrology of an area:
changes in peak flow characteristics, changes in total runoff, changes in quality of water, and changes in
hydrologic amenities. The hydrologic amenities are what might be called the appearance or impression
which the river, its channel and its valleys, leaves with the observer. Of all land-use changes affecting the
hydrology of an area, urbanization is by far the most forceful.
-Luna B. Leopold
Hydrologist and Geomorphologist, U.S. Geological Survey
From “Hydrology for Urban Land Planning – A Guidebook on the Hydrologic Effects of Urban Land
Use”, 1968.
Cover photo showing Tinker Creek at Eastgate Park, facing downstream
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EXECUTIVE SUMMARY
In the 1960’s, scientists began to document the relationship between the observed changes to urban
streams and watersheds and the rapid development of land in these areas, and noted that issues associated
with these changes would need to be addressed through careful land and water resources planning and
management. These observations have been substantiated in the past four decades through extensive
research defining the scope and magnitude of these changes, and attempting to identify the most effective
restoration/mitigation techniques. The Tinker Creek and Tributaries Watershed Master Plan (WMP)
follows in this tradition by defining how the landscape has changed from its natural form, and how these
changes have affected the stream and watershed. The objective of this WMP is to identify and prioritize
mitigation and restoration activities that will transform this watershed into a community asset, focal point,
and a source of pride for those that live, work, learn, and play in the watershed.
The hydrologically defined Tinker Creek watershed collects drainage from Carvin, Tinker, and Glade
Creek, and Lick and Trout Run, comprising a 112 mi2 area including parts of Roanoke and Botetourt
County, the City of Roanoke, and the Towns of Troutville and Vinton. This WMP focuses on the portion
of the Tinker Creek watershed that is within the City of Roanoke’s jurisdictional boundaries, excluding
the Lick and Trout Run drainage areas upstream of their confluence (these unique areas are addressed in
different WMP documents), as this is the region over which the City has planning and implementation
authority. This 11.4 mi2, 32% impervious area drains the eastern part of the Roanoke-Blacksburg
Regional Airport, the Williamson and Plantation Road commercial/industrial areas, several golf courses
and parks, and the Norfolk-Southern East End Shops, through 17.5 miles of perennial stream, and 119
miles of drainage conveyances to the watershed terminus at the Tinker Creek–Roanoke River confluence.
The WMP first describes background information concerning the watershed, regulations, and watershed
master planning (Section 1). Section 2 describes WMP goals, objectives, and indicators. Section 3
synthesizes the relevant information that characterizes the watershed and stream, and analyzes the
watershed’s capacity to support sustainable hydrologic and ecological functions. Results of these analyses
are presented on the sub-watershed or “catchment” basis, and a review of the potential strategies for
restoration in the critical areas is performed in Section 4. Section 5 describes recommended locations and
implementation of these strategies across the watershed with an estimation of the cost and qualitative
benefit of each project. Section 6 describes measures that can be taken to monitor the long-term outcomes
of the recommended efforts, with the objective of improving decision-making capacity over time. Finally,
Section 7 provides a summary of the WMP.
In general, recommendations regarding the City’s strategy for maintaining and improving the quality of
this watershed are described in this WMP as: protect riparian land and support its function through
modifications both in-stream and to upland areas; affect a culture of watershed ownership through
education, engagement, and policy; and conduct long-term watershed monitoring. The first two
recommendations provide short- and medium-term management practices that can be implemented
throughout the watershed to progress towards meeting the WMP’s goals, while the third recommendation
provides the framework for continued scientific feedback that will aid in refining the first two
recommendations over the long-term.
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INTRODUCTION

1.1 WATERSHEDS AND URBANIZATION
A watershed is an area of land that drains precipitation (rain or snow) to a specified location on a stream,
and is generally defined by the natural topography of the land surface. In urban areas, curbs, gutters,
storm drain pipes, and other built features modify these natural drainage paths, changing the delineation
of the watershed boundary. This modification of the land surface by development also results in changes
to the hydrologic and ecological functions of the watershed.
The hydrologic changes caused by development in urban areas have been noted since the late 1960’s [1],
and are characterized by:
•
•
•
•
•

An increase in the maximum (i.e. peak) stream flow during rain storm events
An increase in the total volume of runoff during rain storm events
Decreased time between rainfall and associated increase in stream flow
Extended duration of high velocities in receiving channels after rain storm events
A decrease in stream flow during dry weather due to reduced groundwater flows, or increased
dry weather flows due to exfiltration from sewer and drinking water infrastructure

The main driver of these changes is the increased amount of impervious surfaces, and compacted soils,
and their direct connection to streams through storm sewer drainage pipes.
Changes to watershed ecology occur as a result of modified hydrology and the introduction of
sediment, nutrients, pathogens, heavy metals, and organic chemicals at higher concentrations than in
undeveloped watersheds. Some of the impacts and stressors on the riparian1 ecosystem due to
watershed urbanization are:
•
•
•
•
•
•

Increased turbidity due to stream bank erosion and construction site runoff
Decreased aquatic life due to habitat modification
Increased levels of pathogens (i. e. a disease-causing bacterium, virus or protozoa)
Nutrient over-enrichment leading to algae growth
Increased temperature
Increased concentration of organic chemicals

Research has shown that these effects begin to appear in even lightly developed watersheds (10 – 20%
imperviousness), and as urbanization increases, the magnitude of these effects increase, and the capacity
of the watershed to mitigate these effects diminishes [2], [3].

1.2 THE TINKER CREEK WATERSHED
This Watershed Master Plan (WMP) is focused on an area encompassed by the hydrologically defined
Tinker Creek watershed – a 71,730 acre (112 mi2) area that drains to the Tinker Creek main stem via
several tributary streams. Tinker Creek flows generally southward into the Roanoke River, subsequently
converging with the Banister and Dan Rivers, flowing across the Virginia-North Carolina border, and

In this report, the term “riparian” refers to the perennial stream channel, and the immediately adjacent stream bank.
As streams and rivers are dynamic, the definition of the “riparian zone” can be complex; see Doyle and Bernhardt
(2011) [132].
1
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finally discharging into Albemarle Sound, North Carolina. The hydrologically defined Tinker Creek
Watershed is shown superimposed over the greater Roanoke River watershed, or “Hydrologic Unit”
defined by the U.S. Geological Survey2 (USGS) in Figure 1.1.

Figure 1.1 – The Tinker Creek watershed and City of Roanoke, Virginia superimposed on the greater
Roanoke River watershed. Watersheds and rivers from the National Hydrography Dataset [4].

For the purpose of this WMP, the operational definition of the “Tinker Creek Watershed” does not
include the entire hydrologically defined watershed area, as two of Tinker Creek’s tributaries – Lick Run
and Trout Run – are included in separate planning documents3, because of their unique physiographic
characteristics. Instead, the definition of the “subject watershed” for this WMP is the entire region
enclosed with a red outline in Figure 1.2, and includes the area that drains to Carvin Creek, Tinker Creek,
Glade Creek, and the reach of Lick Run between Norfolk Ave. SE and the Tinker Creek Confluence –
referred to in this document as the “Lick Run Norfolk-Southern Reach”. Tributaries that are not included
– Lick Run and Trout Run – are shown in green and purple respectively. The watershed region in its
entirety is referred to in this document as the “subject watershed”, and the individual watersheds are
referred to as the “subject watersheds”.

The U.S. Geological Survey has developed “Hydrologic Units” (HUs) as operational drainage area definitions, as
not all HUs are watersheds according to the strict definition. Many HUs (e.g. the Roanoke Rapids HU in Figure 1.1)
do not include the entire upstream area, but only a particular reach defined according to USGS procedures [133].
2

3

The Lick Run Watershed Master Plan was completed in 2015, and an update is planned for 2017, along with the
development of the Trout Run Watershed Master Plan.
VT Civil & Environmental Engineering, Dymond et al.
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Figure 1.2 – The 66,575 acre (104 mi2) Tinker Creek (i.e. “subject watershed”) according to the definition of
this Watershed Master Plan (WMP) document. The hydrologic definition of the Tinker Creek drainage area
includes Lick and Trout Run amounting to a total area of 71,730 acres (112 mi2). The 7,294 acre pink area
within the City boundary is the “implementation area” for this WMP.
VT Civil & Environmental Engineering, Dymond et al.
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It should be noted that Tinker Creek and its tributaries drain a large area of Botetourt and Roanoke
County, as well as a portions of the Towns of Vinton and Troutville. As City planning and
implementation is limited to the area within the City, the focus of this WMP is on the portion of the
Tinker Creek watershed that is within the City’s jurisdictional boundary, the 7,294 acre area shown in
pink in Figure 1.2, and again at smaller scale in Figure 1.3, and referred to in this document as the
“implementation area”. Although the focus of this WMP is watershed mitigation within the City
jurisdiction, successful watershed planning requires some consideration of the entire watershed area, and
as such, certain analyses were also performed for areas outside of the City’s jurisdictional boundary at a
scale commensurate with the coarse-scale data available in these areas (see Section 3.1).

Figure 1.3 – Area within the study watersheds encompassed by the City of Roanoke’s jurisdictional
boundary. This area is referred to as the “implementation area” in this document. Definition of stream and
trunk lines is shown in Section 3.3.

The implementation area of this WMP overlaps 14 City neighborhoods, which are described according to
their history and demographics in Section 3.1.1. Within these neighborhoods, there are several notable
landscape features including:



Residential Communities comprise 31% of the total land within the implementation area,
including the Preston Park, Monterey, and Mecca Gardens neighborhoods.
Parks and Greenways – There are 10 City parks in the subject watersheds amounting to 163
acres, including Fallon, Eastgate, and Thrasher Parks, plus the 12,463 acre Carvins Cove natural
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reserve outside of the City’s jurisdictional area. There is also 1.1 miles of Greenway along Tinker
Creek that connects to the Roanoke River Greenway.
Railroad – The Norfolk Southern East End Shops occupy 83 acres (17%) of the land within the
Lick Run – Norfolk Southern watershed to the north of the channel, and there are railroad tracks
extending north through the Tinker Creek watershed on Plantation Rd., and east through the
Glade Creek watershed.
Airport – The eastern portion of the Roanoke-Blacksburg Regional Airport comprises 238 acres
(21%) of the Carvin Creek watershed within the City.
The Williamson Road Business District forms a corridor of 150 businesses along Williamson
Rd., connecting the commercial areas on along Hershberger Rd. with the Downtown Business
District.
The Old Monterey and Blue Hills Golf Courses.

These notable features result in a unique set of landscape characteristics that are relevant to watershed
master planning. These characteristics are described in further detail in Section 3.1, and the relationship
between these areas and the streams to which they drain is described in Section 3.3.

1.3 REGULATORY ENVIRONMENT
The City of Roanoke is subject to two separate but overlapping environmental regulatory programs that
intersect with the objectives of this WMP: (1) a municipal separate storm sewer system (MS4) permit and
(2) numeric effluent limits for sediment, bacteria, and polychlorinated biphenyls (PCBs) known as Total
Maximum Daily Load (TMDL) Waste Load Allocations (WLAs). These programs are administered at the
Federal level by the U.S. Environmental Protection Agency (EPA), and the responsibility of operating the
programs at the state level is delegated to the Virginia Department of Environmental Quality (DEQ).
These regulations both require that the City implement stormwater pollution controls to mitigate the
effects of urbanization and development described in Section 1.1. In general, the MS4 program requires
that the City implement “non-structural” stormwater best management practices (BMPs), such as
educational programs and inspections; while the TMDL program requires “structural” BMPs, such as rain
gardens and vegetated swales, and is enforced through the MS4 permit. This section further describes the
requirements of the two programs, as the first sub-section describes the MS4 program, and the second
describes the requirements of the three TMDL WLAs.

1.3.1 The MS4 Program
The MS4 permit is a requirement of all urbanized localities in Virginia in compliance with Section 402 of
the Clean Water Act. The City of Roanoke is considered a “small” MS4, as its population is less than
100,000, and must therefore meet the requirements of Virginia’s General Permit for discharges of
stormwater from small MS4s (9 VAC 25-890). This permit – first submitted in 2003 – requires a five year
planning document called a “Program Plan” (most recently submitted in 2013), that enumerates all the
programs that the City administers designed to reduce pollution to the “maximum extent practicable.”
Every year, the City is required to document progress towards the completion of their five year Program
Plan in an Annual Report submitted to the DEQ4.

4

The City’s 2016 MS4 Annual Report is available on the City’s website.
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The MS4 permit requires that the City’s Program Plan includes six general pollution control categories,
known as “Minimum Control Measures” (MCMs, Table 1.1). The actions that can be included in these
MCMs are widely varied, and are largely non-structural in nature (Section 4.1) Many of these actions are
designed to prevent pollution from entering the storm sewer system in the first place, rather than
removing them after they have already entered the system. Many of the actions that the City performs in
compliance with their MS4 permit also work towards watershed master plan objectives as described in
Section 2.1.
Table 1.1 – Required Minimum Control Measures (MCMs) for the City’s MS4 Permit.
Measure
1
2
3
4
5
6

Description
Public education and outreach on storm water impacts
Public involvement and participation
Illicit discharge detection and elimination
Construction site storm water runoff control
Post-construction storm water management in new development and redevelopment
Pollution prevention/good housekeeping for municipal operations

1.3.2 The TMDL Program
The second environmental regulation – the City’s TMDL WLAs – are numeric effluent limitations on the
amount of bacteria, sediment, and polychlorinated biphenyls (PCBs) that the City is allowed to discharge
into waterways based on Virginia’s Water Quality Standards (9 VAC 25-260). The numeric effluent
limits are not directly monitored in the stream, but instead, the DEQ requires that a prescribed number of
stormwater “best management practices” (BMPs) be constructed, under the presumption that the
prescribed BMPs will provide the effluent reductions necessary to meet the WLA. The City must include
a section in their MS4 Annual Report that describes the structural BMPs that have been built every year to
reduce pollutant loading to receiving waters – known as “TMDL Action Plans”5. The City’s WLAs are
based on water quality models built for the TMDL studies performed between 2004 and 2009, for water
quality impairments in the Roanoke River and/or its tributaries for bacteria, aquatic life, and PCBs. The
geographic extent of each TMDL study is reviewed in Dymond et al. (2014) [5], and a brief overview of
the TMDLs, organized by pollutant is given here.

(a) Bacteria
Two bacteria TMDL reports were written by George Mason University et al. (2006) [6], and MapTech et
al. (2004) [7] for impairments in Wilson Creek, Ore Branch, the Roanoke River, Glade Creek, Tinker
Creek, Carvin Creek, Laymantown Creek (a tributary of Glade Creek), and Lick Run. The TMDLs were
created because the stream reaches were determined to be unsupportive of primary contact recreation (i.e.
swimming), as concentrations of bacterial colonies were measured at levels above Virginia’s water
quality standards (9 VAC 25-260-170).
A runoff and water quality computer model was built to simulate the existing loading of bacteria from the
watershed, in a program known as Hydrologic Simulation Program – Fortran (HSPF). Bacteria loads were
allocated based on watersheds, as were the required load reductions, as shown in Table 1.2. Only a
portion of these load reductions are the City of Roanoke’s responsibility, and neither the TMDL

5

The City’s Sediment and Bacteria Action Plan is available here, and the PCB Action Plan is available here.
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documents nor the TMDL Implementation Plan [8] provide this level of detail, as the watershed-based
information in the TMDLs and Implementation Plan is intended to aid stakeholders in a general
assessment of watershed mitigation need.
Table 1.2 – Required bacteria load reductions for Tinker Creek and tributaries, from Table E-1, Louis
Berger Group Inc., et al. (2015) [8].
Watershed
Tinker Creek
Lick Run (includes Trout Run)
Glade Creek/Laymantown Creek
Carvin Creek

Load Reduction
as Percentage of
Existing Load
98.9%
96.9%
94.1%
86.8%

(b) Sediment (Aquatic Life)
A TMDL report was prepared by the Louis Berger Group in 2006 [9] in response to an aquatic life
impairment at various reaches of the Roanoke River. Aquatic life is considered to be impaired for a reach
of stream, if the diversity of benthic macroinvertebrates is below the Virginia threshold, established by
Burton and Gerritsen (2003) [10]. An evaluation of the potential causes of the impairment was performed
– known as a “stressor analysis” – and it was determined that the excessive sediment was the most
probable stressor.
In order to identify the sources of sediment in the watershed, a model known as the Generalized
Watershed Loading Functions (GWLF) model was used. The model estimates the distribution of loads on
a land-use basis, and helps estimate the required reductions (also on a land-use basis). The overall load
reduction required in the Roanoke River watershed is 74.2% of the existing loading, though neither the
TMDL nor the Implementation Plan provide locality-specific load reduction percentages.

(c) Polychlorinated Biphenyls
Two reaches of the Roanoke River, totaling 28.35 linear stream miles, within the jurisdictional boundary
of the City of Roanoke were listed on the Clean Water Act’s (CWA) 303(d) list of impaired water bodies
in 1996 and 2002 due to total PCB (tPCB) concentrations in exceedance of Virginia’ fish consumption
water quality standards (9VAC 25-260-140) [11]. Other City of Roanoke streams included on the 303(d)
list for tPCBs include Peters Creek (7.17 miles) and Tinker Creek (5.35 miles), listed in 2004 and 2006,
respectively, and as a result the Virginia Department of Environmental Quality (VADEQ) commissioned
Tetra Tech with the development of a tPCB TMDL for these impaired reaches [12]. The TMDL was
approved by the US EPA in 2010. Overall, the City (along with all other MS4 entities in the Upper
Roanoke River Watershed) is required to reduce tPCB loads by 99.7% of existing loads. A plan for doing
so is required, and as a result the City has submitted their first “TMDL Action Plan” in 2016.

1.4 THE WATERSHED MASTER PLAN – A DEFINITION
A Watershed Master Plan (WMP) is a document designed to guide public policy and decision-making by
presenting a watershed’s current and possible future conditions, and is typically created by a combination
of local government authorities and other watershed stakeholders. They are generally written to provide
actionable goals and objectives, including the protection and improvement of watershed health, safety,
and citizen engagement, with the accompanying benefit of compliance with state and federal regulations
pertaining to water quality and quantity. WMPs are useful as they can help prioritize areas which have
VT Civil & Environmental Engineering, Dymond et al.
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pollution problems, erosion issues, and/or a high probability of flooding, which yields long-term cost
savings by reducing the chances of property damage, loss of life, etc. There are several examples of
successful watershed planning efforts for flood control [13], [14]; restoration of stream ecosystem
function [15], [16]; and downstream water quality improvements [17]–[19].
Another key feature of WMPs, is that they allow local governing bodies to implement science-based
water resource policies which can improve return on investment for water quality and quantity projects,
and improve regulatory compliance. A science-based watershed master planning effort leverages the best
available research, and uses a learning-based adaptive approach to watershed implementation, according
to the following procedure:
1. Clearly define goals, objectives, and indicators
2. Review existing watershed information, augment if needed, and evaluate current watershed
conditions
3. Identify and prioritize locations where implementation is needed
4. Recommend implementation measures to meet goals and objectives
5. Recommend monitoring and evaluation mechanisms to evaluate implementation over long time
periods, and iteratively improve mitigation efforts
In this WMP, this procedure is accomplished as follows: Goals, objectives, and indicators for the subject
watersheds are in Sections 2.1 and 2.2, along with the overall statement of purpose and a basic plan for
engaging stakeholders. Section 3 synthesizes information to evaluate the current status of the stream and
watershed, and identifies and prioritizes locations within the watershed where implementation is needed.
Section 4 reviews the current strategies available to meet the objectives of the WMP, and Section 5
provides watershed specific recommendations with costs and qualitative benefits. Section 6 provides
general recommendations for monitoring and evaluation, with more specific recommendations in the
Phase III Final Report, and Section 7 summarizes the findings and recommendations from the WMP, and
provides a discussion of long-term implications.

VT Civil & Environmental Engineering, Dymond et al.
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WATERSHED PLANNING PROCESS

2.1 PURPOSE, GOALS, AND OBJECTIVES
The WMP is organized around a central highly condensed description of motivation – the purpose
statement – which is expanded into three more detailed but still relatively abstract goals. These goals are
then given actionable objectives, which can be measured using indicators. Each objective is given an
implementation timeline, and responsible parties are designated. This hierarchical organization assures
that the purpose and goals of the WMP have specific, measurable, attainable, realistic, and timely
objectives connected with them.
The purpose of this WMP is to transform Tinker Creek, Glade Creek, Carvin Creek, and Lick Run into a
community asset, focal point, and source of pride for those that live, work, learn, and play in its
watershed. To this end, the goals of the WMP are to:
1. Maximize watershed resiliency6 and sustainability7
A. Restore more natural surface water processes (abiotic hydrology, geomorphology, and chemistry)
B. Revitalize ecosystem health (biotic species habitat and diversity)
C. Augment capacity to endure and recover from short term hazards (drought and flood)
D. Enhance adaptability to long-term hazards (land development and climate change)
2. Minimize watershed hazard to public health, safety, and property
A. Prioritize and construct Capital Improvement Projects that both mitigate neighborhood flood
hazards and improve downstream water quality (ISI Envision checklist)
B. Increase Community Rating System (CRS) ratings for progressive floodplain management
activities
C. Delist from the 303(d) report all impairments including bacteria, sediment, PCBs, and Mercury in
fish tissue
3. Connect citizens, businesses, students, and other stakeholders to their watershed
A. Provide the community with life-long learning opportunities about their watershed (natural
processes, ecosystem health, and pollution prevention)
B. Engage the community in revitalizing watershed ecosystem health (BMPs, green infrastructure,
and low impact design)
C. Coach the community to participate in outdoor recreation and stewardship opportunities within
their watershed

Definition of “Resiliency” from Institute for Sustainable Infrastructure (ISI) – “The ability to successfully adapt to
and/or recover readily from a significant disruption [134].
6

Definition of “Sustainability” from Institute for Sustainable Infrastructure (ISI) – “A set of environmental,
economic, and social conditions in which all of society has the capacity and opportunity to maintain and improve its
quality of life indefinitely without degrading the quantity, quality, or availability of natural resources and
ecosystems [134].
7
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Objectives, shown in Table 2.1, are more measurable actions that describe how the goals will be
achieved. Each objective is tied to a goal or multiple goals, and is organized according to the relevant
ecological or social process.
Table 2.1 – Goals, objectives, and indicators for watershed master planning.
Objective

Indicators

Goal 1 – Maximize watershed resiliency and sustainability
A. Restore more natural surface water processes
 Long-term rainfall/runoff water balance
(abiotic hydrology, geomorphology, chemistry
 Event rainfall/runoff water balance
 Percent Total Impervious
 Percent Effective Impervious
 Development Standards
B. Augment capacity to endure and recover from
 Long-term rainfall/runoff water balance
short term hazards (drought and flood)
 Event rainfall/runoff water balance
 Floodplain reconnection volume
C. Enhance adaptability to long-term hazards
 Percent Total Impervious
(land development and climate change)
 Percent Effective Impervious
 Development Standards
Goal 2 – Minimize watershed hazard to public health, safety, and property
A. Prioritize and construct Capital Improvement
 Length and width of riparian buffers
Projects that both mitigate neighborhood flood
 Length and quality8 of stream restoration
hazards and improve downstream water quality
 Area of wetlands
 Length of stream daylighting
 Virginia Stream Condition Index (VSCI)
B. Increase Community Rating System (CRS)
 CRS Rating
ratings for progressive floodplain management
 Annual flood damage ($)
activities
 Annual flood complaints
 Annual road closings due to flooding
 Structures removed from floodplain
C. Delist from the 303(d) report all impairments
 Street sweeping lane miles
including bacteria, sediment, PCBs, and Mercury  Suspended Solids/Turbidity Monitoring
in fish tissue
 VSCI Score
 Number of illicit sanitary sewer disconnects
 Number of illicit discharges eliminated
 Estimated bacteria load reductions from illicit discharges
Goal 3 – Connect citizens, businesses, students, and other stakeholders to their watershed
A. Provide the community with life-long learning
opportunities about their watershed (natural
processes, ecosystem health, and pollution
prevention)
B. Engage the community in revitalizing
watershed ecosystem health (BMPs, green
infrastructure, and low impact design)
C. Coach the community to participate in outdoor
recreation and stewardship opportunities within
their watershed

8

 Community-riparian construction projects
 Citizen monitoring programs
 Public-access water monitoring data
 Contact with key stakeholders
 Continued involvement of key stakeholders
 Pedestrian counts
 Community-riparian construction projects
 Involvement programs

Recommendations for assessing the quality of a stream restoration project can be found in Section 4.2.2

VT Civil & Environmental Engineering, Dymond et al.
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2.2 INDICATORS, TIMELINE, AND RESPONSIBLE PARTIES
Each objective of the WMP must be defined such that the City’s progress towards that objective can be
measured using some type of indicator. In many cases, indicators are quantitative (e.g. measured water
quality), but qualitative metrics can also provide a helpful measure of progress (e.g. description of a
project). The indicators to be used for this WMP are shown in Table 2.1, but the timeline and responsible
party for each objective is not included. Columns are included in Table 5.1 at the end of this WMP for the
City to fill out as resources are available.

2.3 PUBLIC INVOLVEMENT
Public involvement in the watershed master planning process can help guide decision making and
potentially improve planning results. Over the last two decades, there has been a regulatory shift towards
greater public involvement in watershed planning in part due to a failure to achieve Clean Water Act
standards. This process allows for identification of stakeholders and their concerns, priorities, and
knowledge gaps and should involve coordination with the City Planning, Building and Development
Department. Stakeholder involvement can lead to a democratic prioritization of management alternatives
by the affected community, which often comprises varied and sometimes conflicting interests. Public
collaboration can result in integrated management plans agreed upon by stakeholders and local
governments, and have a balance between economic and environmental interests. It may also prevent
domination of the planning process by single stakeholder or interest group.
It is recommended that the City use a simplified version of a public involvement framework created by
the University of Kentucky, and implemented during an EPA mandated watershed planning process [20].
The framework’s first step is stakeholder identification, in which the City asks stakeholders to invite
additional stakeholders until a saturation point has been reached – the City should only perform two
iterations of this invitation process, as the implementation area is relatively small. Stakeholders should
then be classified into groups based on shared characteristics (e.g. citizens, business-owners, non-profits,
neighborhood advocates, other City Departments) and interviews with a representative of each
stakeholder group should be performed. This helps identify conflicting interests, and may provide
additional pollutant management strategies. The next step is the creation of a pilot test group, which
consists of one or two members from each stakeholder group who provide preliminary feedback on
recommended implementation strategies before they are released to all stakeholders at focus group
meetings. These meetings can take place over the course of several months, and quantitative input is
solicited by asking the stakeholders to anonymously rank management strategies. This helps identify
community values, concerns, interests, and knowledge gaps/misconceptions that may have initially been
missed. These issues can then be addressed by the creation of a simple webpage on the City’s website that
provides information directed to stakeholder concerns as addressed by the surveys, as well as other
relevant watershed information. A final focus group meeting should be performed after stakeholder input
has been incorporated but prior to implementation, in order to identify any final community
considerations, and to re-evaluate the stakeholder perception of management strategies with an
anonymous survey.
This method of stakeholder involvement will provide local knowledge prior to the implementation of
strategies recommended in the WMP, to help evaluate the social costs and benefits of these strategies. The
quantitative feedback provides a basis for the City to evaluate the public perception of flooding and water
quality, and the management strategies recommended to mitigate this issue.
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2.4 MONITORING, EVALUATION, AND LEARNING
A successful WMP also allows the local governing body to implement science-based water resource
policies which can improve return-on-investment for water quality and quantity projects and improve
regulatory compliance. This science-based approach takes advantage of the best available research on
watershed function and treatment, while acknowledging the existing uncertainty in stormwater
management to develop a process of iterative planning, implementation, monitoring, and evaluation
(Figure 2.1). This planning framework is known as “adaptive management” [21], and is designed to
reduce uncertainty with time, and to improve the efficiency of watershed mitigation efforts. Iterative
implementation, learning, and subsequent improved implementation is a well-accepted framework for
managing natural resources when there is large initial uncertainty about the natural system.

Figure 2.1 – The adaptive management framework for urban watershed planning, with relevant sections in
this document shown.

In this WMP, general recommendations for monitoring and evaluation, and how this can be transformed
into improvement watershed management decisions are provided in Section 6, and more specific technical
recommendations are provided in Section 4 of the Phase III Final Report.
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SUMMARY OF WATERSHED AND STREAM CONDITIONS

The purpose of this section is to characterize the stream and contributing drainage area to the subject
watershed according to the pertinent parameters. This Section is divided into five sub-sections: first, the
subject watersheds are described according to six important watershed characteristics, and then these
characteristics are integrated to identify pollutant hotspots using a method called “pollution potential risk
mapping”. Next, the stream is described according to biology, ecology, and hydrology data; and then
based on a walking stream survey performed for this WMP. Finally, the results of this analysis is
synthesized to prioritize areas of watershed implementation on the basis of sub-watersheds or
“catchments”.

3.1 WATERSHED CHARACTERISTICS
This section describes the watershed according to the characteristics that are most cogent for watershed
planning. The section begins with a brief description of the history of the subject watersheds, and then the
watershed is characterized according to precipitation, land cover/use/imperviousness, soils, slope, and the
existing stormwater treatment facilities. This section focuses on landscape-related factors, and the streams
are described in Sections 3.3 and 3.4.

3.1.1 History
The purpose of this subsection is to describe the subject watersheds according to their development
history and relevant socio-economic indicators. First, a brief history of the watershed area is provided
(within and without the City boundaries), and then a description of the subject watershed (within the City)
is given according to City assigned planning areas.
The areas surrounding Tinker and Carvin Creek were some of the earliest settled in this section of
southwest Virginia, with land grants recorded in the late 1740’s and early 1750’s along Carvin and Tinker
Creek respectively. Development generally expanded outward from tracts along Lick Run granted in 1748
(then known as “Cedar Spring”), as this area later became the City center9. The E.W. Clark & Company
of Philadelphia was influential in the growth of the City, as they purchased the Shenandoah Valley
Railroad and Norfolk & Western Railroad and subsequently developed land around the original colony of
Big Lick for the construction of a railroad hub in the 1880’s [22]. The Belmont-Fallon neighborhood
(Figure 3.1) is one of the City’s oldest, and was developed between 1890 and 1950 to house railroad
workers. The other City-defined planning areas shown in Figure 3.1 were generally developed radially
outward, with the eastern edges of the Hollins-Wildwood area being the most recently developed in the
late 1970’s; this development is described further in the following sub-section.

9

Historical information from “History of Roanoke County” by Jack and Jacobs (1912) [135]
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Figure 3.1 – City planning areas intersecting the subject watersheds.

The development of the subject watershed areas is well characterized in City approved Neighborhood
Plan documents developed for each of the five planning areas that intersect the subject watersheds, shown
in Figure 3.1. The City further subdivides these planning areas into smaller neighborhood areas, which are
the subject of the land use and imperviousness analysis performed in Section 3.1.3. Each of these five
Neighborhood Plans contains information about the area’s land use, economic development,
infrastructure, and other important indicators, and provides recommendations for future development of
the area. These neighborhood plans were reviewed with particular attention given to issues pertaining to
watershed planning (e.g. streams, infrastructure, flooding, etc.), and the outcomes of this review are
provided below. In certain instances, reference is also made to the City’s Brownfield Redevelopment
Plan, which provides development guidance for several of the Cities past industrial sites10.
Hollins-Wildwood – The Hollins/Wildwood area was annexed by the City of Roanoke in 1976 and was
primarily rural with some single family residential (SFR) on large lots. Much of the development
following annexation has been commercial or industrial, which now comprises 37% of land use, but more
SFR and multi-family residential (MFR) development has also occurred (31% and 3% of land use,

10

See “City-Wide Brownfield Redevelopment Plan” (2008) [136].
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respectively), and 29% (1,100 acres) of the area remains classified as Vacant. This area entirely contains
the industrial area known as the Statesman Industrial Park and the Roanoke Centre for Industry and
Technology (RCIT), which together comprise a City-designated Brownfield Site, and the area also
partially contains the Hollins Rd. and Campbell East Brownfield sites, both surrounding the Norfolk
Southern Railroad tracks. This planning area also contains three parks (East Gate Park is sited on a former
landfill), the Tinker Creek and Glade Creek Greenways, and the proposed 460/Challenger Greenway.
Stormwater drainage has been noted as an issue, especially on Hollins Road, and recommendations were
made to prioritize streetscape improvements which mitigate drainage issues. In addition, it was
recommended that curb, gutter and sidewalk be added to all arterial streets and infill blocks, as much of
the planning area is currently drained by open ditches. Some households in this area still use well water
and/or septic systems, and transition of these houses to sewer lines was identified as a high priority due to
the possibility of failing septic systems. Residents have complained about litter in Tinker Creek, primarily
from private property owners.
Williamson Road – The Williamson Road area includes the Roundhill, Airport, and Williamson Road
neighborhoods, and was primarily developed between 1950 and 1970 with a widely mixed land use
composition: 44.5% SFR, 36.5% commercial/industrial, 16% vacant, and 5% MFR. The neighborhood
plan identified chronic storm water problems in the Williamson Road area, since the road corridor is 62%
impervious (44% asphalt and 18% buildings). Many sites do not have stormwater BMPs, and despite a
$10 million investment to build stormwater drainage improvements in the southern section of Williamson
Road, drainage issues persist. The plan points to the increasing magnitude of impervious surfaces
constructed on lots that are not required to construct BMPs, and the plan recommends increasing BMP
capacity both on-site and downstream. The plan recommends BMPs that infiltrate stormwater runoff,
such as infiltration basins/strips, porous pavement, grass pavers, and tree planting; as well as limiting new
impervious development, setting water quality standards for pollution transported by runoff, and
conversion of impervious surface to green space.
Belmont-Fallon – The Belmont-Fallon neighborhood is an older area, with many of its homes built
between 1890 and 1950, and consists of SFR (~50%), MFR (12%), commercial (4%), industrial (2%),
and a significant amount of park land in Fallon Park. Almost 30% of the parcels are vacant (~108 acres),
and many vacant buildings have been demolished to create parking lots. The area was once immediately
adjacent to downtown, but has since been disconnected by the construction of I-581; re-establishing
“gateways” to downtown is cited as a major needed improvement in this area, along with the connection
of the proposed Mill Mountain Greenway. The City’s “Southeast by Design” project will funnel more
than $1 million into infrastructure and housing improvements throughout the Bullitt-Jamison corridor
(master plan in progress). Approximately 400 vacant lots have been identified as good locations for new
housing infill development. The 60-acre industrial area across from the Norfolk Southern East End Shops
has numerous small, vacant buildings, and much of this area is in the flood plain. Stormwater drainage
has been identified as a risk in some of these areas, and recommendations were made to “incorporate
design measures to reduce potential flood damage.” It was further recommended that these vacant
industrial parcels (which partially comprise the Campbell East Brownfield) be grouped together and
incentives created to attract quality industrial development.
Harrison and Washington Park – The Harrison and Washington Park neighborhoods comprise only a
small portion of the subject watersheds, but are included for completeness. This area was developed
primarily as single-family residences in the 1920’s; while 12% of the area is still zoned as SFR, low and
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medium density multifamily make up 15% and 61% of the neighborhood area, respectively. Additionally,
8% is zoned as light manufacturing, 3% as general commercial, and 1% as office district. Thirty percent
of the area consists of vacant parcels (604 parcels), and 90% of these have been classified as
“developable” by Roanoke’s Real Estate Valuation Office”, primarily as infill development. The
neighborhood plan suggests that residents of Washington Park have experienced flooding and water
quality problems in the past, including loss of life and severe property damage in 1985 in the area that is
now Brown-Robertson Park. Sources of the water quality issues consist of polluted storm water runoff
and improper sanitary sewer connections. While most of the neighborhood has curb and gutter, several
streets lack this infrastructure and residents feel that this is a cause of flooding on their street.
Morningside-Kenwood-Riverdale – The Morningside-Kenwood-Riverdale neighborhoods comprise
only a small portion of the subject watersheds, but are included for completeness. This area was first
developed in the early twentieth century, and approximately two-thirds of the land use is residential –
primarily SFR. The remaining third is zoned for light or heavy manufacturing, and much of this is
concentrated along the river. Some industrial parcels are located in the Roanoke River floodplain,
including the former American Viscose plant, which may have environmental site contamination and was
identified as a future re-development opportunity. Commercial areas are clustered at the intersections of
arterial streets. Vacant lands, spread between all land use types, make up over 20% of the area, and are
characterized by steep topography. The area has four parks, including the 23-acre Jackson Park. Riverdale
residents reported flooding as a concern, and 11% of properties are partially or fully in the Roanoke
River’s 100-year flood plain. Sections of the Roanoke River Flood Reduction project were constructed in
this area by the U.S. Army Corps of Engineers and the City to reduce annual flood damage by an
estimated 50%. Recommendations were made to install curb and gutter on key collector streets, but not on
residential/suburban streets, and to address the increase in channelization of storm water caused by this
infrastructure.

3.1.2 Precipitation
A basic analysis of precipitation patterns over a watershed is important in understanding the magnitude
and rate of runoff from the watershed. The National Oceanic and Atmospheric Administration (NOAA)
maintains a weather station at the Carvins Cove Water Filtration Plant near the Plantation Rd./I-81
interchange (designated as Roanoke 8 N), and there is a nearby weather station in the Lick Run watershed
at the Roanoke Regional Airport, both shown in Figure 3.2.
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Figure 3.2 – Existing NOAA weather stations within, and adjacent to the subject watersheds.

NOAA publishes a variety of climate and weather data at these locations, and the mean monthly
precipitation normal values from 1981 – 2010 are shown in Figure 3.3. The wettest quarter of a typical
year at these two weather station is from May – July, with a long-term season average of 14.07 in. (32%
of the annual total) at the Roanoke 8 N station, and 11.93 in. (29% of the annual total) at the Airport
station. Mean annual rainfall from 1981 – 2010 at is 44.47 in. and 41.25 in. at 8 N and the Airport stations
respectively. It is of note that measured monthly normal precipitation is systematically higher at the 8 N
gage except the months of February and November, and this is especially true for July, the wettest month
of the year at both gages. This variation in observed precipitation may be the result of the orographic
effects of the ridge lines around the Carvins Cove reservoir, and suggests the need for additional rainfall
data in the watersheds (see Section 4.1 in the Phase III Final Report).
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Figure 3.3 – Mean Monthly Precipitation from 1981 – 2010 for the NOAA Station at the Roanoke Regional
Airport. Data from Climate Data Online [23].

NOAA also publishes NOAA Atlas 14, which includes tables that present rainfall depths for statistical
return periods11 and storm event duration combinations (e.g. the 10-year, 24-hour storm) based on longterm rainfall records [24]. These rainfall depths are used for hydrologic design calculations for storm
sewer drainage systems, culverts, and stormwater control measures. In general, the 1-, 2-, 10-, and 100year storm events are used for local drainage system and stormwater control measure design, and 25- and
50-year storm events are used for arterial and interstate culvert design, respectively. The rainfall depths
for the Roanoke-Blacksburg Regional Airport weather station for these return periods are presented in
Table 3.1 for a storm event with a 24-hour duration. Information from the Airport station was used
instead of the 8 N station, as the Airport station is within the City jurisdiction, and therefore more relevant
to the implementation area of the subject watersheds.
Table 3.1 – NOAA Atlas 14 rainfall depths at the Roanoke Regional Airport (Station 44-7285) for various
recurrence intervals and a 24-hour storm duration [24].
Recurrence Interval (yrs)
Rainfall Depth (in)

1

2

10

25

50

100

2.60

3.14

4.70

5.72

6.57

7.50

11

A return period is related to the probability that a given storm event will occur in one year. For example, the 25year storm has a 1 in 25 (0.04 or 4%) probability of occurring in any year; therefore, if a 100-year storm event
occurs, there is still a 1% chance of another 100-year storm event occurring the following year.
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The rainfall depths in Table 3.1 are important because they provide an estimate of the volume of rainfall
across the entire watershed during a rainstorm event. For example, the total 10-year rainfall volume for
the Tinker Creek watershed (within City limits) is 1,720 acre-ft (4.70 in. x 1 ft. per 12 in. x 4,393 ac),
although only a portion of this volume would appear as runoff at the watershed outlet. The amount of
water, and the speed at which it moves from the surface into the stream, and subsequently to the
watershed terminus, is dependent on several important factors: the percentage of impervious surfaces in
the watershed and how directly they are connected to the stream, watershed slope, soils, and the
construction of stormwater best management practices (BMPs). The effects of these factors on hydrology
and water quality and a characterization of these factors in the Tinker Creek and tributary watersheds are
presented in the following sub-sections.

3.1.3 Land Cover, Land Use, and Impervious Surface
It has been well known since the late 1960’s, that the conversion of the land surface in urbanized areas
from forest or agricultural land to impervious commercial, industrial, and residential development, has led
to a suite of negative impacts to the surface water environment [1], [25]. The main considerations for
watershed planning are (1) to what extent land development has increased the percentage of impervious
surfaces, (2) how this has affected forest cover in the watershed, and (3) how these impervious surfaces
are connected to the perennial streams. In this section, (1) and (2) are discussed, and (3) is discussed in
Section 3.5.1(b).

(a) Imperviousness and Tree Canopy of City Watersheds
In order to evaluate the percentage of impervious surfaces, City impervious data created for assessment of
the stormwater utility fee was combined with a layer showing pavement in the right-of-way12. This
dataset was digitized manually using aerial orthophotography, and has been improved iteratively as the
stormwater utility fee has been implemented. A tree canopy layer was gathered from a report by the
Virginia Department of Forestry in 2010, in partnership with the Roanoke Valley-Alleghany Regional
Commission (RVARC), and the U.S. Forest Service [26]. This layer indicates the presence or absence of
tree canopy at a 1-meter resolution, and was generated based on aerial photography13. The total
impervious area (TIA) and total existing urban tree canopy (UTC) of each City watershed was estimated
in order to compare the subject watersheds to the other City watersheds, as well as the overall City area;
these percentages are shown in Figure 3.4A and B respectively. Overall, the area of the subject
watersheds within the City (i.e. the implementation area) is 32% impervious with 42% tree canopy.

12

This was a synthesis of the best available data, although parcel impervious delineation ends at the parcel
boundary, and the pavement delineation does not include the length of driveway between the roadway and the parcel
boundary. It is recommended that the City update this feature class, if possible, so that all impervious surfaces are
included.
13

Comparisons between %TIA and UTC should keep in mind that the TIA layer is at a higher-resolution than the
UTC data.
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(B) Percent tree canopy by City watershed

Figure 3.4 – (A) City of Roanoke watersheds by percentage total impervious area (TIA) within the City jurisdiction. (B) Percent Tree Canopy by City
watershed. Impervious surface data from City GIS layers, and tree canopy data from Pugh (2010) [26].
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Within the City watersheds shown in Figure 3.4, there is an inverse relationship between TIA and UTC,
(Figure 3.5) which demonstrates the decreased UTC with increasing TIA for each City watershed. The
dashed line is a general indicator of the expected percent UTC, given a percent TIA for the City’s
watersheds, and is shown to identify watersheds that have values of either metric that are significantly
different from the City average. Watersheds that are below this line are likely to have non-impervious
open space that is not covered with tree canopy. The Glade Creek watershed, for example, has the second
lowest percent TIA of any City watershed (21.9%), and substantial non-impervious open space that is not
covered with trees at the Parkway Wesleyan Church, and the large tracts of undeveloped land around
Vinyard Park, and along King St. By comparison, open space in the Murray Run watershed (not included
in this WMP) is generally more covered with tree canopy.
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Figure 3.5 – Comparison of Total Impervious Area (TIA) and Urban Tree Canopy (UTC) for each watershed
in the City of Roanoke. Impervious surface data from City GIS layers, and tree canopy data from Pugh
(2010) [26].

Establishing woody vegetation in urban open spaces is important because cleared, graded, and compacted
urban soil is unlikely to provide infiltration capacity [27]; but trees can support the restoration of a more
natural water balance through transpiration and pore-space re-establishment, buffering the effects of
adjacent impervious surfaces [28], [29]. This may be especially important in areas that have already been
substantially developed, as it is unlikely that the total amount of impervious surfaces can be reduced to a
percent TIA that is likely to support a non-impaired aquatic ecosystem. As the maximum TIA threshold is
generally thought to be ~20% TIA [30], and as all but one of the City’s watersheds is above this
threshold, it is recommended that the City consider re-vegetation with native, woody species where
possible.
The relative magnitude of percent TIA and UTC has different implications across the spectrum of values.
For example, the area draining to the reach of Lick Run along the Norfolk Southern East End Shops –
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known as the “Norfolk Southern Reach” – has the highest TIA (58.2%) and the lowest UTC (25.6%) of
any City watershed14. This is primarily a result of the large railroad staging area along the reach, and the
relatively small surface area of this watershed. As this area is densely developed, there are only small
amounts of open space remaining, and stormwater mitigation will need to focus on the disconnection of
impervious surfaces and potential sources of illicit discharges from the Lick Run channel.
The area within the City draining to Carvin Creek is 39.5% TIA; the third most impervious watershed in
the City following the Lick Run – Norfolk Southern Reach and Trout Run. It should be noted that the
%TIA of the hydrologically defined Carvin Creek watershed is much smaller – approximately 11% – and
that the area within the City has concentrated impervious surfaces from the eastern portion of the RRAC
runways and surrounding commercial/industrial areas. The Tinker Creek watershed is the 6th most
impervious watershed in the City – 29.5% TIA – with dense impervious areas along Williamson Rd.,
Plantation Rd., and in the Statesman Industrial Park on Granby St. off Orange Ave. All of the drainage
areas included in this WMP are above 20% TIA, which is the commonly cited upper threshold, beyond
which it is unlikely that a healthy aquatic life community can be supported.
It is reiterated that these percentages represent only the City component of these watersheds, and that the
watershed areas outside of the City for Tinker and Glade Creek are 14% and 11% impervious
respectively15. This indicates that the imperviousness in the three subject watersheds with area outside of
the City, is disproportionally distributed in the City’s jurisdictional area, as shown in Figure 3.6.
Development outside of the City generally extends north to the I-81 corridor, and is centered on Hollins
Rd. in the Tinker Creek watershed, and Orange Ave. in the Glade Creek watershed.

14

The small area of the City that drains to Back Creek is not considered in these calculations.

15

Imperviousness in the watershed areas outside of the City was estimated based on the National Land Cover
Dataset (NLCD) Percent Impervious layer [137]. The procedure for performing these calculations is described in
Section 3.4 of the Phase III Final Report.
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Figure 3.6 – Distribution of impervious surfaces across the subject watersheds, defined based on
subwatershed boundaries.

The percentage of total imperviousness and tree cover in a watershed has been found to correlate with the
rainfall:runoff ratio, concentrations of various pollutants, and in-stream biological health, though not to
the extent that prediction is possible [30]–[32]. Therefore, while the TIA and UTC can be used to
compare watersheds, it only becomes a useful planning tool if the distribution of imperviousness and
forest cover is analyzed on a smaller scale. As such, while Figure 3.4 and Figure 3.5 provide a general
perspective of watershed imperviousness and forest cover, it is necessary to determine how TIA and UTC
is apportioned at a smaller scale within the subject watersheds for planning decisions.

(b) Land Use in the Subject Watersheds
In order to target locations of TIA and UTC in the subject watersheds to inform long-term planning
decisions, an analysis of the distribution of TIA and UTC by land use category and neighborhood was
performed. The analysis uses land use categories and neighborhoods, because the mechanism by which
the City can affect TIA and UTC change is through planning, building, and development ordinance
reform. The distribution of land use was analyzed using the City’s parcel layer, which categorizes each
parcel into four major land use classes: Commercial/Industrial, Multi-Family Residential, Single Family
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Residential, and Vacant16. These classes are further subdivided into 30 sub-classes by the City, however
the four major classifications were used for analysis, as the use of the 30 sub-classes would overly
complicate the interpretation of the data. The City’s parcel layer does not include the public right-of-way
– primarily comprised of roadways – and this was added to the layer such that the entire City area was
classified as one of the four City-defined land use classifications, or as “Right-of-Way”.
The spatial distribution of land use in the subject watersheds is shown in Figure 3.7A – C, along with the
14 neighborhoods that intersect the subject watersheds. It should be noted that several of these 14
neighborhoods comprise only a small portion of the subject watersheds (e.g. the Morningside
neighborhood), although statistics are presented for the entire neighborhood area, so that the results of this
analysis can be considered for future neighborhood planning efforts. Figure 3.7B and C summarize land
use by watershed area and neighborhood respectively, and while the column heights in B represent the
total watershed areas within the City, it is reiterated the column heights in C represent the total
neighborhood area, not the neighborhood area within the subject watersheds. Figure 3.7A – C are referred
to frequently in the following paragraphs, as land use is first briefly summarized by watershed, and then
according to descending neighborhood area as a proportion of the subject watersheds.

Land use analysis was based on the “PROPERTYDE” field in the “citywide” feature class in the City’s GIS. This
layer contains all the parcels in the City, and was used in the City’s comprehensive plan [138]. It was developed
using the coordinate geometry (COGO) tool in ArcGIS, and was last published in 2013.
16

VT Civil & Environmental Engineering, Dymond et al.

40

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

5,000

Total Land Area (acres)

4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0
Tinker Creek

Glade Creek

Carvin Creek

Lick Run Norfolk
Southern
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(A) The subject watersheds, intersecting neighborhoods, and comprising land uses. The stream and drainage network shown is based on a field survey
performed for this WMP, described in Section 3.3.
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(C) Land use of the 14 neighborhoods that intersect the subject watersheds. Areas are
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Figure 3.7 – (A) Neighborhoods intersecting the subject watersheds, and their comprising land use based on classifications in the City’s parcel layer. (B) Land use of the four subject watersheds within the City of Roanoke. (C) Land use of the 14
neighborhoods that intersect the subject watersheds.
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Overall, the subject watersheds are 35% Commercial/Industrial, 31% Single Family Residential, 18%
Vacant, 13% Roadway, and 4% Multi-Family Residential. The Carvin Creek watershed is more
dramatically Commercial/Industrial by proportion (48%, Figure 3.7B), as it is comprised of the eastern
portion of the Airport and surrounding businesses. The area draining to the Lick Run – Norfolk Southern
reach also has a large proportion of commercial/industrial land (39%), though the total area of this
watershed is approximately 1/10th of the Tinker Creek watershed. The distribution of vacant land is
primarily in the Tinker Creek watershed (823 acres), but by proportion, Glade Creek is the most vacant
watershed. The Lick Run – Norfolk Southern watershed has a higher percentage of roadway (21%) than
the other three watersheds (10 – 13%); a result of the smaller parcels and block sizes in this area.
The Preston Park neighborhood comprises the largest proportion of the subject watershed area, and is a
primarily (52%) single family residential neighborhood between Williamson Rd. and the Norfolk
Southern Railroad tracks paralleling Plantation Rd. NE. The northern half of this neighborhood drains to
Carvin Creek to the northeast through storm drain trunk lines on Vincent Ave., Hershberger Rd., and
Oakland Blvd (see Figure 3.7A). The southern half of this neighborhood drains to Tinker Creek, either
directly to the east or indirectly to the southeast, via storm drain trunk lines along Williamson Rd. and
Orange Ave. These trunk lines drain commercial/industrial land clustered along Williamson Rd., picking
up drainage from the Williamson Road neighborhood on the way south to Orange Ave., and
subsequently draining into Tinker Creek. Although commercial/industrial land only comprises 19% of the
Preston Park neighborhood, the Williamson Road neighborhood’s contribution to these trunk lines is 36%
commercial/industrial land, and this entire drainage area has a highly efficient hydraulic connection to
Tinker Creek through the Williamson Rd. – Orange Ave. trunk line. The importance of this hydraulic
connectivity is discussed further in Section 3.5.1(b).
Adjacent to the Williamson Road neighborhood to the east, is the Hollins neighborhood which drains to
Tinker Creek on its eastern border. This neighborhood is 39% commercial/industrial land, and an
approximately equal percentage (23%) of single family residential and vacant land. The Fallon and
Kenwood neighborhoods are also bordered by Tinker Creek to the east, though ~30% of the Fallon
neighborhood drains to Lick Run, and the same percentage of the Kenwood neighborhood drains south to
the Roanoke River. The Hollins and Fallon neighborhoods are more heavily commercial/industrial land
(~40%, though this includes Fallon Park), and the Kenwood neighborhood has more single family
residential land. The Belmont neighborhood to the west of the Fallon neighborhood constitutes only a
small portion of the total drainage area of the subject watersheds, but comprises a significant portion of
the drainage to the Lick Run – Norfolk Southern reach. The area north of the Lick Run channel is entirely
comprised of railroad industrial yards, while the area south of the channel is 24% single family residential
with a relatively higher percentage of roadway land use than any other neighborhood (28%).
The Eastgate neighborhood constitutes the second largest proportion of the subject watershed area, and
is comprised of 43% Commercial/Industrial, and 28% vacant land. The Commercial/Industrial land is
clustered in the northeast part of the neighborhood in (1) the Statesman Industrial Park on Granby St. NE
and Mary Linda Ave. (includes Old Dominion Salvage yard, Grand Home Furnishing Warehouse, etc.),
and (2) near the Orange Ave. and Blue Hills Dr. NE intersection. The former drains to Tinker Creek via a
lined regional detention pond and trunk line on Daleton Blvd. NE. The latter drains either to Tinker Creek
to the west via a trunk line and detention pond along Blue Hills Dr. NE, or to Glade Creek to the
southeast. Several large tracts of vacant land are scattered across this neighborhood, and a small amount
of residential land is clustered in the southwest part of the neighborhood.

VT Civil & Environmental Engineering, Dymond et al.

42

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

The third largest neighborhood within the subject watersheds is the Monterey neighborhood, which has
approximately equal amounts of Commercial/Industrial and Single Family Residential land (39%). It
should be noted, however, that the Monterey and Blue Hills Golf Course are both categorized as
Commercial/Industrial land, constituting nearly the entirety of this land use classification in the Monterey
neighborhood. Most of this neighborhood drains south to Tinker Creek via two channelized
ephemeral/intermittent streams shown as dashed lines in Figure 3.7A. There are several large tracts of
vacant land at the base of Read Mountain in the northeast part of this neighborhood, and along Tinker
Creek in the western part of this neighborhood.
The Mecca Gardens neighborhood, bordered by Gus Nicks Blvd. on the southwest, Orange Ave. on the
northwest, and the City boundary, drains almost entirely to the northern tributary to Glade Creek that runs
along King St. NE. This neighborhood is 41% single family residential parcels, and has the largest total
magnitude of multi-family residential properties of the four subject watersheds, in the Glade Creek and
Hickory Woods Apartment complexes. A portion of the Mecca Gardens neighborhood drains along
Cannaday Rd. NE and Richard Ave. NE to a tributary of Glade Creek that flows through the Wildwood
neighborhood prior to entering the Glade Creek main stem.
By proportion, 43% of the Airport neighborhood drains either directly to the West Fork of Carvin Creek
along the northern City boundary, or indirectly to the Carvin Creek main stem through a trunk line along
Airport Rd. and Vincent Ave. (draining portions of the Preston Park neighborhood along the way). This
neighborhood is comprised of 80% commercial/industrial land from the Airport and surrounding
businesses – the most (by percentage) of any neighborhood intersecting the subject watersheds. Other
neighborhoods comprising a relatively small amount of the subject watersheds’ drainage area are the
Roundhill, Washington Park, and Morningside neighborhoods. Roundhill is a primarily single family
residential area (39%) and Washington Park has an approximately even (21 – 24%) distribution of all land
uses (except multi-family residential); both primarily drain to Lick Run. Morningside is also a mixed land
use neighborhood, and drains south to the Roanoke River.

(c) Synthesis
An analysis of the distribution of land use is important because of the empirical relationship between land
use and stream/watershed function. For example, for a project known as the National Stormwater Quality
Database (NSQD) [33] the concentration of suspended solids, nutrients, pathogens, metals, and various
water chemistry parameters was monitored at subwatershed outfalls in over 200 municipalities for nearly
ten years, and the concentrations of these constituents related to the upstream land use. This information
has been further extended to generate estimates of unit area mass loads (e.g. ton of sediment per acre per
year) for a range of land uses [34], [35]17. Other more mechanistic approaches have related the percent
impervious and tree cover – which is correlated with land use classifications – to downstream indicators
of ecologic, hydrologic, and geomorphologic function [30].
The relationship between land use, TIA, and UTC in the 14 City neighborhoods intersecting the subject
watersheds is shown in Figure 3.8. The purpose of this graphic is to target categories of land use in the
subject watersheds that are likely to have the greatest need for the implementation of stormwater best
management practices (BMPs, discussed at length in Section 4). The four horizontally aligned plots in

17

The results from the NSQD and unit area loads are provided in Section 3.7.1(a) of the Phase III Final Report.
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Figure 3.8 each represent one of the four City land use types, and the dashed gray and green lines
represent the median TIA and UTC of all parcels in each land use. Each land use plot is further
subdivided into the 14 neighborhoods intersecting the subject watersheds in order to compare how the
definition of a given land use varies with respect to TIA and UTC across these neighborhoods. Overall, it
is notable that the median TIA for commercial/industrial parcels (the dashed line in Figure 3.8A) is
significantly higher than in the three other land use classes, and the opposite is true for UTC. This
suggests that in general, the need for BMPs on a commercial/industrial parcel is greater than on a single
family residential property (all else equal), in order to mitigate the effects of the greater impervious area,
and to restore the lost abstractive potential of tree cover.

Figure 3.8 – Median parcel percent total impervious area (TIA) and urban tree cover (UTC), aggregated by
City land use classifications and neighborhood. Dashed lines indicate the median of all parcels in each land
use category across all neighborhoods.
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The plots are further divided into the 14 neighborhoods in order to demonstrate how parcel
imperviousness and tree canopy – two important indicators of watershed function – vary dramatically
within a given land use classification. On average, commercial/industrial parcels in the Williamson Road
neighborhood (for example) have dramatically more impervious surface and less tree canopy than
commercial/industrial parcels in the adjacent Hollins neighborhood. The increased tree canopy in the
Hollins neighborhood appears to be the result of several commercial/industrial parcels adjacent to Tinker
Creek that have a higher UTC and lower TIA than the commercial/industrial parcels in the Williamson
Road neighborhood. It can be reasonably concluded that the need for BMPs on commercial/industrial
land in the Williamson Road neighborhood is greater than in the Hollins neighborhood, all else equal.
This conclusion does not incorporate the hydraulic connectivity of these parcels to Tinker Creek, or the
potential of BMPs to infiltrate into the surrounding soils; these issues are discussed in Section 3.5.1(b)
and Section 3.1.4 respectively.
The analysis of these data is highly contingent on the classification of parcels. The same example from
above repeated for the Belmont and Monterey neighborhoods, would identify that (1) the NorfolkSouthern East End Shops is the primary commercial/industrial property in the Belmont neighborhood and
is highly impervious and without trees, and (2) the Monterey and Blue Hills Golf courses in the Monterey
neighborhood are both classified as commercial and industrial. In any case, this demonstrates the need for
some measure of stormwater treatment on the Norfolk – Southern East End Shops, as this large area is
highly impervious and has minimal tree canopy.
This points to an important issue: unless redevelopment occurs, requiring the construction of BMPs
according to the 2013 Virginia Stormwater Management Program [36], incentives are lacking for
stormwater control on private land. The City’s stormwater utility fee and credit system is designed to
create this incentive, however the cost to design, construct, operate and maintain BMPs is likely to
outweigh the potential credit given for the stormwater utility fee; this is discussed further in Section
5.3.3(a). As a result, it is recommended that the City target (1) City-owned land for the construction of
new BMPs or retrofits of existing BMPs, and (2) acquisition of privately owned vacant land with high
mitigation potential. All vacant and City-owned parcels are shown in Figure 3.9, and the prioritization of
these parcels for the two recommended targets is described in Section 5.4. The sum of City-owned parcels
amounts to 550 acres, which is only 7.5% of the subject watershed area, however the City also has the
option to implement BMPs in the 933 acres of public right-of-way, 13% of the subject watershed area.
Finally, the inclusion of privately-owned vacant parcels adds an additional 985 acres, totaling 2,580 acres
of vacant or City-owned land: 34% of the subject watershed area.
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Figure 3.9 – City-owned parcels, vacant parcels, and City right-of-way in the subject watersheds.

3.1.4 Soils
The major characteristic of soils that affects watershed hydrology is the soil’s capacity to infiltrate runoff
based on soil chemistry, compaction, and antecedent moisture condition. A commonly used dataset for
soil analysis at the watershed scale is the Soil Survey Geographic Database (SSURGO) [37], a product of
the US Department of Agriculture’s Natural Resource Conservation Service (NRCS). SSURGO was
created through field inspection and some laboratory sampling. Soil attributes in this dataset include, but
are not limited to: water capacity, soil reaction, and electrical conductivity. As it pertains to stormwater
and drainage, soils are defined based on their infiltrative capacity in a simple A – D classification system,
known as “Hydrologic Soil Group” (HSG) as described in Table 3.2.

VT Civil & Environmental Engineering, Dymond et al.

46

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

Table 3.2 – USDA’s Hydrologic Soil Group classifications from TR-55 [38].
Hydrologic Soil
Group

A

B

C

B/D

D

Urban Soils/
Udorthents

Infiltration
Rate (in/hr)

Soil Textures

Sand, loamy sand,
or sandy loam

>0.30

Silt loam or loam

Sandy clay loam

Description
Low runoff potential, high infiltration rates even when
thoroughly wetted. Chiefly deep, well to excessively drained
sand or gravel and have a high rate of water transmission.

0.15 – 0.30

Moderate infiltration rates when thoroughly wetted and consist
chiefly of moderately deep to deep, moderately well to well
drained soils with moderately fine to moderately coarse
textures. Moderate rate of water transmission

0.05 – 0.15

Low infiltration rates when thoroughly wetted and consist
chiefly of soils with a layer that impedes downward movement
of water and soils with moderately fine to fine texture. Low
rate of water transmission

Soil acts as B soil in drained areas, and D soil in un-drained areas

Clay loam, silty clay
loam, sandy clay,
silty clay, or clay

0 – 0.05

High runoff potential. Very low infiltration rates when
thoroughly wetted and consist chiefly of clay soils with a high
swelling potential, soils with a high water table, soils with a
claypan or clay layer near the surface, and shallow soils over
nearly impervious material. Very low rate of water
transmission

Soils that have been disturbed by cut/filled as a result of land development, or soils that have been
covered with impervious surfaces. These areas have minimal infiltrative capacity.

This classification helps generalize the ability of a soil to infiltrate water and, inversely, the runoff
potential. These classifications are used in the well-known TR-55 method from the USDA’s Soil
Conservation Service (now NRCS) [38] to develop a parameter called the Curve Number (CN), a
quantitative measure of land surface runoff potential. The proportion of SSURGO soil types for each of
the Phase III watersheds is shown in Table 3.3.
Table 3.3 – Hydrologic Soil Group percentages by watershed for Tinker Creek and tributary watersheds.
Hydrologic Soil Group Area as a Percentage of Watershed Area
Tinker Creek

Carvin Creek

Glade Creek

Lick Run – Norfolk
Southern

A

0.0%

0.0%

0.0%

0.0%

B

46.4%

53.3%

11.9%

8.7%

Hydrologic
Soil Group

C

1.3%

0.2%

9.3%

0.0%

B/D

0.0%

0.0%

0.0%

0.0%

D

27.3%

0.0%

52.6%

56.6%

Urban Soils/
Udorthents

25.1%

46.5%

26.2%

34.7%

The soils in the Tinker Creek and tributary watersheds are largely type B in the northern regions of the
City, with primarily type D and urban soils towards downtown and the city center (Figure 3.10). The
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Tinker Creek and tributary watersheds have an overall composition of 38.8% type B soils, 2.4%
type C soils, 29.6% type D soils, and 29.2% urban soils and udorthents. The more urbanized
downstream reaches of Tinker Creek and Glade Creek as well as the Lick Run – Norfolk Southern
drainage area display highly disturbed or poor draining soils. The upstream reaches of Tinker Creek and
Carvin Creek are moderately well draining and less disturbed. Regions of urban soils in the upper Tinker
Creek and Carvin Creek watersheds include the Roanoke Regional Airport and sections along Williamson
Rd and Plantation Rd.
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Figure 3.10 – Soil characteristics of the Tinker Creek and tributary watersheds. Soils are classified by their hydrologic soil group (HSG). Udorthents
and urban land soils do not have an HSG classification, but typically behave similarly to type D soils. Soil data from SSURGO [37].
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3.1.5 Slope
Slope is an important characteristic of watershed hydrology because it impacts the magnitude and timing
of runoff response to storm events. Steeper slopes increase overland flow velocities, reducing the ability
of runoff to infiltrate into soils, and subsequently increasing the rate and volume of water that appears in
the stream as surface runoff.
To evaluate the slope of the Tinker Creek and tributary watersheds, a 2015 high resolution LiDAR digital
elevation model was obtained from the City. The LiDAR elevation data shows that the Tinker Creek and
tributary watersheds range from an elevation of 1260 ft. at its highest point on Round Hill at the
watershed boundary with Lick Run, to an elevation of 886 ft. at the confluence of Tinker Creek with the
Roanoke River (approximately 374 ft. of total relief). The highest elevation at the northern edge of the
City in the Tinker Creek watershed has an elevation of 1238 ft. In addition to Round Hill on the Tinker
Creek/Lick Run watershed boundary, there is a hill with an elevation of 1258 ft. on the east side of the
Glade Creek watershed (Parkway Wesleyan Church). The highest point in the Carvin Creek watershed is
1,174 ft. on the north side of the City near the airport.
Figure 3.11 is a slope map of the implementation area of the subject watersheds, and describes the percent
change in elevation between adjacent points in a watershed (feet of rise per 100 feet of horizontal travel).
The figure illustrates a relatively gradual change in elevation throughout the City, particularly on the west
side of Tinker Creek. Slope to the east of Tinker Creek increase – namely in the Glade Creek watershed.
These steep slopes are generally along the edge-of-stream, and in areas where the land has been re-graded
for development. The land slope of the entire Tinker Creek and tributary watersheds ranges from 0%
(completely flat) to 65% with a median slope of 7% across the entire subject watershed area within the
City. It was noted that in certain cases, the LiDAR data used to estimate the percent slope generates
erroneous values at the edges of buildings and tree lines, and as such, a statistical methodology was
developed to estimate the maximum non-erroneous slope in the watershed of 65% (1.5H:1V)18. In
addition, the mean longitudinal slope (i.e. along the direction of flow) of the perennial stream channels is
approximately 0.3% for Tinker Creek, 0.3% for Glade Creek, 0.9% for Carvin Creek, and 0.2% for Lick
Run – Norfolk Southern.

18

For a more thorough description of this procedure, see Section 3.7.1(a) of the Phase III final report.
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Figure 3.11 – Land slopes in the Tinker Creek and tributary watersheds. Slope values indicate feet of rise per 100 feet of horizontal distance (i.e.
percent). Digital elevation data from 2015 LiDAR.
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Figure 3.11 demonstrates regions of excessive slopes near and to the northeast of the crossing of Tinker
Creek and Orange Ave. The LEED for Neighborhood Design manual [39] suggests that development be
minimized on slopes greater than 15% (as shown in light purple in Figure 3.11), and prevented altogether
on slopes greater than 40% (shown in dark purple in Figure 3.11) to minimize the erosive effects of land
disturbance, and subsequent overland sediment transport. The valley slope adjacent to the Tinker Creek
main channel is excessively steep in certain locations, particularly near the crossing of Orange Ave with
Tinker Creek, with some slopes as high as 60%. Additionally, there are steep slopes farther northeast
along Orange Ave near the industrial park, as well as near the confluence of Carvin Creek and Tinker
Creek. It is crucial that vegetation be maintained in these locations, as these areas all have valley slopes in
excess of 40%, to prevent erosion and sediment transport as stream bank erosion has been found to be a
major contributor of sediment loading in urban watersheds [2]. Further analysis of erosion potential in the
subject watersheds is provided in Section 3.2.2, and recommendations for stabilization are provided in
Section 5.3.1.

3.1.6 Existing Stormwater Treatment Facilities
Stormwater treatment facilities – commonly referred to as “best management practices” or “stormwater
control measures” (SCMs) – provide engineered treatment of stormwater runoff. Typically, they are
designed to reduce the impact of development on downstream flooding, however more recently, BMPs
have also been designed to control erosion and improve water quality. For a detailed review of BMPs, and
how they are used to meet these three objectives, see Section 4.
Within the subject watersheds, data for 150 BMPs was assimilated from four sources: (1) field survey, (2)
as-built drawings, (3) the City’s 2016 MS4 Annual Report [40], and (4) data from the VDEQ used to
create the TMDL Implementation Plan (IP). The first and third sources provided a majority of the BMP
location data used in this WMP, as these sources have the most current enumeration of BMP data. The
TMDL IP presents an accounting of “existing” BMPs at the time it was written in 2003, and the BMP
dataset was updated in 2013. The BMP data reported in the TMDL IP within the City was from the legacy
stormwater data created by City interns between 2004 and 2005, and it was determined that this
information was of a lower quality than sources (1) and (3). As-built drawings were used were possible to
supplement BMP data on private land, especially on the property of the Roanoke-Blacksburg Regional
Airport.
The BMP data gathered from these four sources was used to develop a GIS layer describing each
recorded BMP according to the BMP classifications defined in the Virginia Stormwater BMP
Clearinghouse [41], and the Virginia Stormwater Management Program regulations (9 VAC 25-870).
This was done in order to provide a basic accounting of current progress towards the number and type of
BMPs required in the Roanoke River TMDL IP. It should be noted that it was not known if the existing
BMPs comply with the VDEQ’s BMP Specifications [42] (it is unlikely that many of them would), or if
any maintenance of the recorded BMPs has occurred, and as a result their sediment reduction potential is
highly variable and therefore not estimated in this WMP. Nevertheless, the number, area treated, and
impervious area treated of BMPs recorded in the subject watersheds are shown in Table 3.4. The area
treated was estimated as the area draining to the BMP based on delineation techniques described in
Section 3.3 of the Phase III Final Report if the BMP was field verified. If it was not field verified, the
contributing drainage area was estimated as the area of the parcel on which the BMP is constructed.
Impervious treatment area was estimated using the City’s impervious surface layer.
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Table 3.4 – Stormwater control measures (BMPs) recorded in the subject watersheds according to their total count (n), drainage area treated, and
impervious area treated. Note that “treated” only indicates that the area drains to the BMP, and not that the BMP is actually removing sediment or
other pollutants effectively.
Carvin Creek
Imp.
Area
Area
Treated Treated
(ac)
(ac)

Stormwater Control
Measure Type

n

Bioretention

5

32.1

10.9

Constructed Wetland19

1

7.0

0.7

Detention Pond

22

249.8

105.0

Dry Swale

2

22.7

7.5

Infiltration

2

4.2

Manufactured Device

4

54.7

n

Glade Creek
Imp.
Area
Area
Treated Treated
(ac)
(ac)

Lick Run – Norfolk
Southern
Imp.
Area
Area
Treated Treated
n
(ac)
(ac)

n

1

1.0

0.9

1

6.4

2.4

42

935.3

207.3

34

433.1

124.6

3

24.5

21.3

2

25.2

0.6

0.4

1

0.1

0.0

6

5.0

2.5

2

0.7

0.4

6.9

3

12.3

9.2

1

1.0

0.8

2

19.3

1.7

1

1.0

0.4

7

15.1

10.3

3

244.1

68.0

59

1246.0

290.7

28%

22%

Extended Detention Pond

Permeable Pavement
Riparian Buffer
Underground
Detention

1
4

10.1

23.9

3.0

5.9

Wet Pond
Grand Total
% of Area “Treated”
in Entire Watershed

40

Tinker Creek
Imp.
Area
Area
Treated Treated
(ac)
(ac)

380.6

137.3

34%

31%

39

469.4

136.8

36%

48%

12

32.5

26.0

7%

9%

19

It appears that the W. Fork of Carvin Creek has been intentionally dammed near the intersection of Wood Haven Rd. and Barns Ave. NW (near the Police
Recruiting Building). See Figure 3.70.
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It is acknowledged that this method introduces error in the estimation of BMP treatment area, however
this was the best method possible given the available data. In addition, it is acknowledged that the
collection of stormwater in an BMP does not necessarily mean that the stormwater will be sufficiently
“treated”, as the capacity of BMPs to reduce runoff volume and sediment loading is highly uncertain [43],
and the capacity of BMPs to treat pathogens is even more uncertain [44].
The bottom row in Table 3.4, labeled “% of Area Treated in Entire Watershed” indicates the percentage
of each watershed’s total area and total impervious area that is treated by the recorded BMPs. The Glade
Creek watershed has the highest percentage of treated area and treated impervious area, as there are
several detention ponds collecting drainage from large upstream areas. Conversely, the Lick Run NorfolkSouthern watershed is the least treated watershed, in terms of both total and impervious area treated. This
suggests that additional treatment in this watershed should be targeted, however a more detailed approach
to targeting potential future BMP implementation is provided in Section 3.5.
It is also important to note that 137 of the 150 BMPs shown in Table 3.4 are privately owned, which
means that retrofitting of these facilities is unlikely unless the City creates a monetary incentive to do so.
This may be possible through the stormwater utility fee credit system, or a cost-share program. The 13
City-owned BMPs include the detention pond on Daleton Rd. NE draining the Statesman Industrial Park
on Granby St. NE and Orange Ave. NE; a riparian buffer at Thrasher Park; several BMPs at the Police
Recruiting office on Barns Ave (north of the Airport), and a detention pond along Airport Rd. NW north
of Towne Square Blvd. Several of these may provide opportunities for retrofitting, in order to improve the
volume and sediment reduction capacity of the existing BMP configuration; this is discussed in Section
5.4.1(d)iii.

3.2 POLLUTION POTENTIAL RISK MAPPING
In order to identify potential sources of pollutants in a watershed, the factors thought to be principal
contributors to the pollutants’ transport into and through surface waters can be integrated using a
technique called “risk mapping”. This requires the collection of input factors as GIS layers, the weighting
of each layer according to the relative importance of their contribution to pollution potential, and finally
the combination of the layers. Risk mapping is a helpful tool when there are insufficient data to perform
hydrologic or water quality modeling, or when the data is subject to excessive uncertainty. The output of
a risk mapping analysis is a layer that targets pollutant potential on an ordinal scale (e.g. low, medium,
high), which is more appropriate than a numerical scale (e.g. tons of sediment load per year), given the
uncertainty of the input layers. Risk maps can be generated based on a catchment, watershed, or City
scale and can be produced for specific types of pollutants based on a careful selection of contributing
factors.
This section describes the development of several risk maps for illicit discharge, erosion potential, and
polychlorinated biphenyls (PCBs). The illicit discharge section includes individual risk maps for: (1)
bacteria from aging septic systems and past sources, (2) bacteria from aging/failing sewer infrastructure,
(3) industrial discharges, and (4) illegal dumping. The erosion potential section includes a risk map
showing locations in the watershed and in the stream with a high potential for erosion. The PCBs section
overlays potential sources of PCBs in the subject watershed with areas of high erosion potential, in order
to identify potential areas where legacy PCB may be re-introduced to surface waters.
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3.2.1 Illicit Discharge Potential Risk Mapping
As an MS4 authority, the City of Roanoke is required to prohibit, identify, and eliminate illicit discharges
to the stormwater network. Federal and State regulations generally define an “illicit discharge” as any
flow other than stormwater into the MS4 network20 [45], [46]. The DEQ and Virginia Administrative
Code maintain a list of discharges that are allowed if the MS4 operator has not identified any of those
discharges as a significant source of pollutants, including (but not limited to) uncontaminated
groundwater flows, basement sump pumps, and dechlorinated swimming pool water [46]. Illicit
discharges are addressed by the City through a combination of ordinances, citizen reporting, outfall and
drainage network mapping, and outfall reconnaissance (also known as dry weather screening) [47].
An illicit discharge potential (IDP) risk analysis provides many benefits to a municipality. The assessment
identifies high risk zones that a municipality can prioritize accordingly for outfall reconnaissance. This
targeting of high risk areas may streamline the screening process to allow for quicker identification of
undiscovered illicit discharges. In addition, the IDP risk analysis can inform a municipality’s education
and outreach program by identifying regions or neighborhoods that may benefit most from targeted
outreach programs. IDP risk maps developed for specific illicit discharge types can further inform City
investigations to continue to more efficiently identify and eliminate illicit discharges.
The IDP risk mapping process carried out in this analysis resulted in four unique risk maps: (1) bacteria
from aging/failing septic systems and previous bacteria discharges, (2) bacteria from aging/failing sewers,
(3) industrial pollutants, and (4) illegal dumping. A range of factors and maps for each factor were
initially developed in GIS to identify the risk of illicit discharge at a fine scale21. Final risk maps were
created by combining selected risk factors within the GIS environment. The risk maps generated for the
study watersheds were tailored to address several priority pollutants as identified by the City. In the
future, additional data sources and updated data can be added to these maps to improve the risk analysis.
Risk scores can also be aggregated on a catchment or neighborhood scale to determine more specific local
actions based on discharge risk and known issues at the local level. Table 3.5 summarizes the factors used
for each of the illicit discharge potential maps, with each map described in further detail in the following
sub-sections.

20

The exceptions to this definition are as follows: (1) discharges covered by a separate permit, (2) discharges
associated with firefighting activities, (3) individual flows designated as ‘de minimis’ discharges by the DEQ.
21

In order to combine factors in GIS, the various sources of data were normalized on a unit area basis. Further
technical details are provided in Section 3.6 of the Phase III Final Report.

VT Civil & Environmental Engineering, Dymond et al.

55

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

Table 3.5 – Factors included in Illicit Discharge Potential (IDP) risk mapping analysis. 'X' indicates that a
factor was used for a particular IDP risk map.
Factor Description
Density of potential ID producers (e.g. restaurants, industries,
VPDES permit holders)
Density of access points to storm sewer system (e.g. inlets,
detention ponds)
Age of development (time since last construction on a parcel
of land)
Land use (city zoning designation)
Land surface cover (e.g. paved, tree canopy)
Prior illicit discharge reports
Aging sewer lines that may be in disrepair, potential for
sewage leaks
Land parcels that may have septic systems on site over 30
years old
Potential illicit discharges reported through VT stream
surveys

Bacteria
(General)

Bacteria
(Sewer)

Industrial

Illegal
Dumping

X

X
X

X

X

X

X
X
X

X

X
X
X

X

(a) General Bacteria
Pathogens are a leading cause of impairment in the U.S., and are ubiquitous in urban stormwater runoff,
regardless of land use [33]. The sources of these pathogens are generally categorized as Pet, Human,
Livestock, and Wildlife, and the relative contribution of these sources varies by watershed. It is thought
that Human sources (e.g. untreated sewage), pose a greater human health risk, though this has yet to be
definitively shown in the epidemiology literature [48]. In urban areas, it has been shown that
concentrations of pathogens in urban stormwater are frequently greater than, or equal to concentrations in
ambient river water and sewage treatment plant effluent [49] – related to the lack of ability to treat
bacteria in urban stormwater [50]. This inability to treat pathogens in urban stormwater, and the
complexity of bacterial growth and decay, suggests that it may be easier and more cost-effective to
prevent pathogens from entering the storm drain system in the first place, than to attempt to treat them
after they have already entered the system [44], [51].
To that end, this sub-section, and the following sub-section [3.2.1(b)] provide the results of a risk
mapping procedure developed to identify high risk areas for bacteria transport into the storm drain
system. It is reiterated that the purpose of risk mapping is not to simulate bacterial transport, as there is
insufficient data to attempt to do so, but rather to generate maps to facilitate detection and elimination
programs, pursuant to the City’s MS4 permit requirements, and TMDL E. coli waste load allocation.
The first Bacteria IDP map, presented in Figure 3.12, is a combination of factors (shown in Table 3.5) that
identify locations of potential failing septic systems in addition to past illicit discharge complaints. The
bacteria risk analysis revealed hot spots on the outer fringes of the city, particularly in the HollinsWildwood Eastgate and Hollins-Wildwood Mecca Gardens neighborhoods, specifically along Kessler Rd
NE and Richard Ave NE, respectively. There are also some clusters in the Hollins-Wildwood Monterey
area. These hot spots were identified due to the age of developments as well as clusters of parcels that
have no sanitary service and therefore may contain aging septic systems.

VT Civil & Environmental Engineering, Dymond et al.

56

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

Figure 3.12 – IDP risk map showing potential sources of bacteria in the subject watersheds based on aging and failing septic systems, and previous illicit
bacteria discharges. “Historical” points are locations where potential IDs were noted by the City prior to 2016.
VT Civil & Environmental Engineering, Dymond et al.
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Along with the potential for aging and failing septic systems, the locations of past illicit discharge
complaints were also included. The pollutant type for each of the past illicit discharge reports was
identified (e.g. bacterial, industrial, washwater, sediment). Bacterial and unknown pollutant types were
included in the General Bacteria IDP risk map. Additionally, locations identified during the Virginia Tech
stream surveys that may be a source of bacterial contamination were included. Specific locations with a
high potential for bacterial contamination are identified in the Notes in the above Figure 3.12.

(b) Bacteria from Aging/Failing Sewers
The second Bacteria IDP map, presented in Figure 3.13, identifies risk of potential sewage leaks from
aging and failing sanitary sewer infrastructure. Aging sewer lines in proximity to any open conveyance,
including stream and drainage channels, are indicated as higher risk areas, as sewage leaks in these
locations have a higher potential of entering the stormwater network. Sewer lines along Tinker Creek and
Glade Creek, as well as a cluster of developments in the Hollins-Wildwood Eastgate neighborhood, were
identified by this analysis as high risk zones. Note that only aging sewer lines are displayed in the map;
sewer lines that were installed or repaired within the past 30-50 years (depending on pipe material) are
not displayed.
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Figure 3.13 – IDP risk map showing potential sources of bacteria in the subject watersheds based on aging and failing sewer lines.
VT Civil & Environmental Engineering, Dymond et al.
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The Bacteria IDP risk maps should provide the City with insight into targeting programs geared towards
reducing bacterial discharges in the watershed including:





Identification of failing septic systems in need of repair or replacement,
Identification of neighborhoods to prioritize adding sanitary sewer connections, after the absence
of service is confirmed by WVWA,
Investigation of older developments which may have cross-connections between sanitary and
stormwater pipes, and
Identification of aging sanitary sewer lines in need of repair or replacement, especially those in
proximity to a stream channel or open conveyance.

(c) Industrial
Due to the extent of industrial and commercial development in the Tinker Creek, Carvin Creek, and Glade
Creek watersheds, a targeted risk map for non-bacterial pollutants was created. These include non-point
source runoff from paved areas, industrial pollutants (such as petroleum compounds and hazardous
waste), and commercial pollutants (such as washwater and illicit floor drain connections).
The IDP risk map for Industrial is shown in Figure 3.14. Past illicit discharge complaints for these types
of discharges were weighted with higher importance, followed by generating site density and land use
(see Table 3.5 for a list of all factors included in this map). Regions of the highest risk, shown in red on
the risk map, highlight areas of significant commercial, institutional, and industrial developments in the
watersheds that have the potential to contribute to pollution. These appear in regions zoned heavy/light
industrial and downtown areas with dense commercial developments. Specifically, the industrial park on
the eastern portion of the Tinker Creek watershed, the southern portion of Tinker Creek watershed near
the confluence with Lick Run, and the downtown areas in Lick Run – Norfolk Southern near the rail lines.
Locations where past illicit discharges were reported also appear in the moderate to high risk zones. In
addition, regions with large amounts of impervious surface and/or older developments may be at higher
risk for industrial discharge due to the buildup of gasoline, oils, and other automobile fluids which can
leak from traffic in parking lots and on highways and might enter the stormwater system via non-point
source runoff and overland flows.
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Figure 3.14 – IDP risk map showing potential sources of industrial pollutants in the subject watersheds based on density of commercial and industrial
producers, as well as development age and land use. “Historical” points are locations where potential IDs were noted by City staff prior to 2016.
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It is important to eliminate industrial and non-bacterial pollutants from stormwater because they can have
toxic effects on human and aquatic life. Certain industrial pollutants such as deicing compounds
significantly increase the available biochemical oxygen demand (BOD) in a stream, which can lead to
higher bacteria levels in waterways. Polychlorinated Biphenyls (PCBs) are another potential industrial
discharge, however this pollutant has been identified as a priority by the City and is covered in further
detail in the following sections.
The Industrial IDP risk map will help the City to eliminate pollutant sources by:





Identifying areas of high industrial and commercial density for outfall monitoring or facility
inspections,
Targeting locations for industry specific education and outreach efforts and best management
practices,
Identifying older industrial sites which should be investigated for illicit connections to the
stormwater network, and
Locating developments with significant impervious surface where reductions in continuous
impervious surface (such as installing vegetated strips or planters) might be prioritized.

(d) Illegal Dumping
Illicit discharges can be classified into two main discharge types: illicit connections and illegal dumping
and spills. Illicit connections consist of direct connections of sanitary sewer pipes, shop floor drains, and
other sources to the stormwater network. These sources often produce chronic discharges which are
typically identifiable during the outfall reconnaissance process. Illegal dumping and spills, however, are
not directly connected to the stormwater network and may occur anywhere within a watershed. These
sources are more difficult to identify and eliminate through outfall reconnaissance.
The IDP risk map for illegal dumping potential is shown in Figure 3.15. Past reports of illicit discharges,
as well as potential illegal dumping sites as identified during the Virginia Tech stream survey process,
had the greatest priority when identifying high risk areas. This is due to past illegal dumping sites having
a high risk of repeat offenses. For example, the illegal dumping may be a result of poor business
practices, lack of employee training, accessibility or proximity of residences to the stormwater network,
or insufficient trash removal service. Specific high risk areas that were identified include a reach of
Carvin Creek West Fork on the north side of the City, areas downtown with a high density of commercial
developments with the potential to dump fats, oils, and greases (FOGs) (esp. fryer grease) into storm
inlets, and the lower section of the Tinker Creek greenway with a high density of developments in
proximity to the stream.
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Figure 3.15 – IDP risk map showing potential illegal dumping sites in the subject watersheds.
VT Civil & Environmental Engineering, Dymond et al.
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It is important to note that this risk map uses fewer data sources than the other IDP maps due to the
limited availability of applicable data. Additionally, since the data sources used were density or proximity
data and not parcel specific data, the result is a less detailed map focusing more on commercial
developments and may not accurately estimate the risk of illegal dumping in residential neighborhoods. In
the future, more data sources could be added to this analysis to reflect other parameters which may impact
the risk of illegal dumping.
The illegal dumping IDP risk map still provides City staff with information valuable for the prevention of
illegal dumping and spills by:




Identifying locations of business for targeted inspections and reviews of facility practices,
Targeting regions for distribution of educational material on best management practices and
proper disposal methods, and
Evaluation of the need for additional disposal programs such as household hazardous waste
disposal days and focused neighborhood/business district cleanup events.

3.2.2 Erosion Potential Risk Mapping
In order to target stormwater control measures that prevent excessive sediment loading to the City’s
streams (described in Section 4), a procedure referred to as “Erosion Potential” (EP) risk mapping was
used to identify erosion hotspots in the implementation area of the subject watersheds. It was determined
that sediment sources should be categorized into two classifications: (1) landscape sources from upland
areas and (2) in-stream sources from streambank erosion. Erosion potential in both instances is a function
of land surface slope, however the targeting of sediment source hotspots on the landscape requires an
analysis of additional landscape factors, including soil erodibility, land use, and hydraulic connectivity to
a receiving stream. To integrate these factors, GIS layers characterizing each factor were gathered from
various sources, and combined based on the relative precision of the layers. This procedure was
conceptually based on the Revised Universal Soil Loss Equation, Version 2 (RUSLE2) [52], which was
developed to estimate sediment yields from agricultural watersheds. However, the extent of urbanization
in the subject watersheds requires that different input layers be used, and the magnitude of uncertainty
associated with these layers precludes the estimation of sediment loads. Instead, results are presented on
an ordinal scale as “minimal”, “low”, “moderate”, and “high” EP risk.
The input source layers used to develop the “Catchment” source map and “Streambank” source map are
shown in Table 3.6. A brief summary of each source and the process of integrating layers to estimate
erosion potential is provided here, but further detail is provided in Section 3.7 of the Phase III Final
Report. Land surface slope was estimating using a digital elevation model (DEM) generated from LiDAR
high-resolution land surface elevation data, flown by Sanborn mapping in 2015. Soil erodibility was
estimated based on the NRCS web soil survey database, and the effect of land use was estimated based on
City defined land use, and unit area sediment loads from Burton and Pitt (2002) [35]. Streambank erosion
hotspots were identified based on the slope layer, and confirmed with field visits and a qualitative
assessment of vegetative cover.
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Table 3.6 – Factors included in Erosion Potential (EP) risk mapping analysis. 'X' indicates that a factor was
used for a particular EP risk map.
Factor Description
Land Surface Slope based on LiDAR elevations
Soil Erodibiilty based on NRCS Web Soil Survey
Land Use based on City definitions, and Burton and Pitt (2002) [35]
Stream connectivity based on the catchments layer
Field survey of streams

Catchment
Sources
X
X
X
X

Streambank
Sources
X

X

The factors were integrated to form an overall risk map based on the spatial precision and uncertainty
associated with each layer. As the land surface slope factor had the highest overall spatial and empirical
precision, it had the highest relative weight in the generation of the composite risk map, followed by land
use, stream connectivity, and soil erodibility, which carried 50%, 2%, and 0.5% of the weight of the slope
layer respectively.

(a) Catchment Sources
Based on the input factors and the relative weighting scheme, the results of the analysis of high erosion
potential risk in the catchments (i.e. the upland areas of the watersheds) is shown in Figure 3.16. This
composite risk map indicates that areas of minimal, moderate, and low erosion potential are generally
dictated by land use, as the right-of-ways and commercial parcels in the Williamson Road area can be
seen in yellow, against a backdrop of low EP in the adjacent residential parcels.
Areas of high EP, indicated in red in Figure 3.16, are flagged with letters that relate to the photographs
shown. These areas are (B) areas of high slopes along Orange Ave., (C) on the re-graded land on Blue
Hills Dr. NE, (D) at Parkway Wesleyan Church, (E) the slope to the south of Vinyard Park, (F) on the
hillslope above the main stem of Carvin Creek upstream of the Williamson Rd. Bridge along John
Richardson Rd., and (G) in the grades sloping up to the Airport runways. Of particular interest is the area
of high EP risk at the intersection of Orange Ave. and 24th St. NE, as this land has not yet been developed,
and special care will need to be taken to protect these slopes if development occurs here. Sites (C), (D),
and (G) represent locations that have already been developed, but appear to have slopes that are still
susceptible to failure; at these sites, it is recommended that tree cover be established to prevent further
transport of sediment (See Section 5.3.1). In particular, the land to the north of the Roanoke-Blacksburg
Regional Airport’s east-west runway has a significant amount of grass slopes, and where possible it is
recommended that the City work with the Airport to determine where additional vegetation is feasible.
Sites (B), (E), and (F) are not developed, and it is recommended that the clearing of existing tree canopy
on excessive slopes be restricted in these areas if development occurs.
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(B) Undeveloped slopes at the intersection of Orange Ave., 24th St. NE, and Daleton Blvd. NE.

(C) Steep slopes along Blue Hills Dr. NE

(A) Risk map showing locations of high risk of catchment erosion potential in the subject watersheds.

(D) Slopes leading up to Parkway Wesleyan Church on Mexico
Way

(E) Slopes along Vinyard Park
Figure 3.16 – Erosion potential (EP) hotspots in the watershed presented as (A) a risk map with call-outs associated with the photos to the right. Sites (F) and (G) are not shown as a photograph. (B) – (E) are from Google Earth.
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(b) Streambank Sources
The results of the composite risk EP risk map shown in Figure 3.16 also indicate that there are several
areas of high EP immediately adjacent to the streambanks. This is of particular importance, as research
has indicated that streambank sources can account for a majority of in-stream sediment in urban
watersheds [53], and as a result, a procedure was developed to identify locations at high-risk for stream
bank erosion. This procedure used the slope layer, described in Section 3.2.2, to visually identify
locations along Tinker, Carvin, and Glade Creek with excessive cross-sectional slope. Once these
locations were identified, they were visited in the field to confirm these excessive slopes, and to
determine the extent of vegetated cover on the streambanks. Locations were prioritized qualitatively
according to their cross-sectional slope, and assessed vegetative cover, and channel cross sections were
extracted for visual inspection. Figure 3.17 shows the general locations of the in-stream erosion hotspots,
identified based on this procedure.
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Figure 3.17 – Overall map showing the locations of high priority stream bank erosion hotspots in the subject
watersheds. Hotspots are discussed according to the numeric call-outs shown in the figure.

A general description of the results of targeting streambank erosion sources is provided here, with
reference to Section 3.4.2, which provides a graphical narrative of the streams, and Section 5.4.1 which
provides recommendations for stabilizing these cross sections. The highest priority location was on Glade
Creek upstream of Gus Nicks Blvd. and downstream of Berkley Rd., adjacent to Vinyard Park22, noted as
number 1 in Figure 3.17. A significant portion of this reach has eroded streambanks, creating an incised
stream cross section with 12 – 15 ft. tall open banks. It is not clear why this incision is occurring along
this particular reach, as other reaches of Glade Creek upstream and downstream are not similarly incised,
22

See Reach 8 and 9 in Section 3.4.2
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though this type of cross section is indicative of the final stage of urbanization where the channel grows
wider and more incised, and the banks increase in height as sediment is deposited on the streambanks [2].
Currently, there is a Roanoke County stream restoration project under construction upstream of this
location, and it is recommended that the City coordinate further efforts in this are to improve the stability
of Glade Creek (See Sections 5.4.1(b)iv and 5.4.1(b)v).
Another area where significant streambank erosion is occurring is along Tinker Creek behind Cosmetic
Essence Incorporated on Plantation Rd. upstream of the Columbia St. Bridge (number 2, Figure 3.17). In
this reach, approximately 500 ft. of the right stream bank is incised from 12 – 15 ft23. A third priority
location is on Tributary B to the W. Fork of Carvin Creek, upstream of Airport Rd. NW, along Barns
Ave. NW (number 3, Figure 3.17). In this location, there are several locations of incision from 10 – 15 ft.
in depth, amounting to approximately 300 linear feet24.

3.2.3 Polychlorinated Biphenyls
The presence of polychlorinated biphyenyls (PCBs) in sediment and fish tissue was noted in the Tetra
Tech PCB TMDL Report [12], and in particular, elevated concentrations were noted on Tinker Creek just
above the confluence with the Roanoke River. As such, it was determined that a risk mapping approach
could supplement efforts to target PCB monitoring and remediation in the subject watersheds to address
the PCB impairment of the Upper Roanoke River watershed, as discussed in Section 1.3. The objective of
this section is to identify the potential sources of PCBs in the subject watersheds, and then to assess the
potential for PCB transport to streams from these potential sources. A brief background is first provided,
followed by the description of the risk mapping approach.
Landscape PCB loads may either be from “legacy” sources, which were produced before the production
of PCBs was banned in 1979, or from “non-legacy” sources, which are currently produced as an industrial
byproduct in low concentrations25 during the production of solvents, paints, certain inks, agricultural
chemicals, plastics, and detergent bars [54]. “Non-legacy” producers are required to obtain a National
Pollutant Discharge Elimination System (NPDES) discharge permit. Potential (“legacy”) sources of PCBs
may also include scrap metal recycling, auto salvage yards/auto crushing, train or auto repair, heavy
equipment repair, processes that involve used oil (including cars, heavy equipment, and hydraulic
machinery) and paper recycling [55]. In the environment, PCBs are generally found either in
contaminated sediment or in fish tissue. As PCBs are hydrophobic, they are only found in the water
column in very low concentrations (parts per million – parts per quintillion range) in the water column.
Instead, PCBs tend to adsorb to sediment particles, where they are ingested by fish, particularly bottom
feeders such as carp or catfish, and appear in fish tissue samples.
In order to target locations in the subject watersheds, first an enumeration of potential legacy and nonlegacy PCB producers in the watersheds was developed based on several sources. This included sites that
hold an existing NPDES permit for PCB discharge, potential sources identified in the Tetra Tech PCB
TMDL [12], and other locations that fit the description of potential sources found in the scientific
literature, including both legacy and non-legacy sources (see Section 3.8 in the Phase III Final Report). It
23

See Reach 6 in Section 3.4.2

24

See Reach 14 in Section 3.4.2

25

Effluent annual average concentrations must be below 25 ppm and grab concentrations must be below 50 ppm.
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should be noted that these locations were identified based on the best available information and literature,
and the inclusion of a site does not necessarily indicate that PCBs are present at these locations, only
that there is a higher potential of PCB presence due to existing or past land use.
Once a list of potential PCB sources had been developed, these sites were mapped in the subject
watersheds, and these locations are shown as NPDES permit holders or otherwise in Figure 3.18. Once
these sites had been mapped, the likelihood of PCB generation was assessed based on the NPDES
permits, the best available literature, and a qualitative assessment of the risk of erosion at and around the
existing site. Locations that have current, expired or past NPDES permits were assigned a “high” risk of
PCB generation at the site, regardless of the baseline loading or waste load allocation, and sites that have
not ever had a NPDES permit were assigned a “low” risk. It is re-iterated that an ordinal assessment was
used, as there is limited information regarding the presence of PCBs, and as a result the analysis of PCB
risk was limited to this type of relative assessment.
The risk of erosion from the site was based on an evaluation of the slope layer used to develop the
Erosion Potential risk map at, and immediately surrounding the site. Results of this analysis are provided
in the table in Figure 3.18, with Site numbers corresponding to the adjacent map. It should be noted that
several of the potential sites in this figure are outside of the implementation area (i.e. outside the City’s
jurisdictional boundaries), though these sites were included because of their close proximity to the
analysis region of this WMP.
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Site

Holds
NPDES
Permit?26

Facility Name

1

Y

2

Y

3

Y

4

Y (expired)

5

Y

6

Y

7

Y

8

N

9

Y

10

Y (expired)

11

N

12

N

13
14

Y
N

Vishay Vitramon
Inc. (defunct, now
FedEx Dist’n
warehouse)
Precision Steel
Shorewood
Packaging Corp.
(now defunct)
Old Dominion
Auto Salvage Inc
Virginia
Transformer
Corp.
A.D. Weddle
Company
Conwed Plastics
(formerly NSW
LLC)
Norfolk Southern
Transfer Terminal
FreightCar
America
Auto Salvage and
Sales Inc.
Star City
Coachworks
Precision Fabrics
Group
Parts Unlimited
Ardagh Metals

15

N

Semco Duct

Production
Description
Electronics manufacturing (e.g.
capacitors); no longer
in operation
Manufacturing
Paperboard packaging
manufacturing; no
longer in operation

Priority
(Risk)

High
Medium
High

Open air salvage yard

High

Transformers

Medium

Used trucks and parts
salvage yard (open air)

High

Plastics manufacturing

Medium

Railyard

Medium

Railcar manufacturing
facility
Used cars and parts
sales
Car maintenance and
repair
Specialty fabrics
manufacturing
Auto salvage yard
Metal Manufacturing
HVAC duct
manufacturing

Medium
High
Low
Medium
High
Medium
High

Figure 3.18 – Potential legacy and non-legacy sources of polychlorinated biphenyls (PCBs) in the implementation area of the subject watersheds. Each
potential source has a numbered call-out related to the associated table. NPDES indicates potential sources that have a National Pollutant Discharge
Elimination System permit for PCB discharges.

26

No further data were found indicating that these permits have been renewed after the 2009 PCB TMDL.
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In general, sites with a “high” priority are sites that have (or had) NPDES permits with steep slopes on or
around the site. Of particular significance are sites 6 and 13, as both of these sites have NPDES permits,
are located on steep slopes, and are immediately adjacent to Tinker Creek. At these priority locations, it is
recommended that sediment monitoring be performed on-site and in stream sediment immediately
downstream of the outfall of the drainage system for these sites. If PCB transport from a site is identified
through further monitoring, coordination with the property owner is recommended to assure that all
slopes are stabilized, and that sediment control measures are in place to prevent transport of sedimentbound PCBs, as remediation strategies for PCBs are limited (see Section 4.2.8).

3.3 STREAM CHARACTERISTICS
The purpose of this section is to describe the physical status of Tinker Creek, Carvin Creek, Glade Creek,
and the Lick Run – Norfolk Southern Reach based on a synthesis of previously available information, and
the biological survey that was performed in 2016. The section characterizes the stream based on the
results of biological monitoring, past water quality results, and the floodplain. Results of the walking
survey of the perennial streams is provided in Section 3.4.2.

3.3.1 Biological Stream Assessment
It has been well documented that the diversity of benthic macroinvertebrates in streams is an indicator of
both local water quality and upstream watershed conditions [2]. Samples of macroinvertebrate diversity
are taken by disturbing the stream substrate, allowing for the aquatic insects to flow into a net, and
subsequently identifying and organizing the taxa collected in the lab (known as the “kick-net method”
[10]). There is a spectrum of pollution tolerance among macroinvertebrate taxa, and a stream’s assessed
location along this spectrum of pollution tolerance highly correlates with the degree to which water
chemistry, hydrology, and habitat are affected from their natural state [56]. For example, a stream with a
higher count and diversity of pollutant-sensitive organisms, suggests that the stream is unlikely to be
heavily affected.
In Virginia, a composite index of this diversity, called the Virginia Stream Condition Index (VSCI) is
used to compare sites statewide. The DEQ has adopted this index as the benchmark for statewide water
quality standards (9 VAC 25-260-20), such that if the VSCI is below 60 (out of 100) for two samples out
of twelve, the stream is considered “impaired”27. The score of 60 was chosen, as it represents the lowest
10th percentile of reference sites (i.e. sites not affected by urbanization or agriculture) in Virginia.
The habitat of the Tinker, Carvin, Glade, and Lick Run main stems were first evaluated for potential
biological monitoring sites by identifying sites that would help describe the gradient of urbanization along
the stream. Eight locations were identified (Figure 3.19A) as sites that would allow for long-term
assessment of ecological characteristics. These watershed locations were chosen to provide information
upstream and downstream of several areas of interest, and the locations within the stream were identified
based on a guide to identifying bioassessment sites in Barbour et al. (1999) [57]28. Sites 7, 8, 11, 12, and
13 are on the Tinker Creek mainstem, upstream and downstream of the Glade Creek, Lick Run, and
Carvin Creek confluences. Site 9 is on the Glade Creek mainstem at Vinyard Park, and Site 14 is on the

27

For further information, visit the Virginia DEQ’s biomonitoring webpage

28

This procedure is also described in Section 5.1.1 of the Phase III Final Report.
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Carvin Creek mainstem. Site 10 is located on the Lick Run – Norfolk Southern reach above the
confluence with Tinker Creek, and as the morphology of this site is unlikely to support a diverse aquatic
insect assemblage, it is intended as a benchmark site with which to compare trends at other sites over the
long-term. Each site was visited twice: once in the spring (April 14th, 2016) and once in the fall (October
28th, 2016) to collect biological samples and to measure basic water quality parameters. Aquatic insect
collection was performed in accordance with Virginia Dept. of Game and Inland Fisheries permit
guidelines, using the methods described in Section 5.1 of the Phase III Final Report.
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(B) Virginia Stream Condition Index (VSCI) site scores for spring and fall, 2016
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Figure 3.19 – Results of biological monitoring and water chemistry sampling in spring and fall 2016 at eight sites in the subject watersheds as shown in (A). Results of water chemistry sampling are shown in (C) through (H). Note that pH measurements
(D) were not taken in the fall.
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The results of the biological sampling in the subject watersheds indicate that in general, there is richer
aquatic diversity in the fall than the spring – a phenomenon also noted in Lick Run in 201529, and
consistent with statewide VDEQ biomonitoring data from 1992 – 201330. The VSCI score at sites 14, 13,
12 and 11 all surpassed the Virginia WQS in the fall, though only Site 13 did in the spring. The spring
and fall VSCI scores at Site 13 suggests that Tinker Creek above the City may be able to support a nonimpaired aquatic insect community – further suggested by five VDEQ observations taken between 2007
and 2012 – though more sampling is needed upstream over longer time periods.
The results of the spring sampling suggest that two sites; Site 13 – Tinker Creek above Hollins Rd., and
Site 9 – Glade Creek at Vinyard Park; support benthic macroinvertebrate communities to a degree that
meets the Virginia Water Quality Standard. Site 11 – Tinker Creek at 13th St. and Eastgate Park had a
spring VSCI of 56.9, the third highest spring score.
The variation in VSCI score at Site 9 – Glade Creek at Vinyard Park from 77.1 in the spring, to 48.8 in
the fall is notable, as the fall sample appeared to be affected by sediment deposition (Figure 3.20) from an
upstream stream restoration project. However, it is important to note that this variability could, in part, be
a result of seasonal differences, and additional data are needed to parse the effects of acute sedimentation
from the seasonal variation of the assemblage at this location. Although the deposition of this fine
sediment appears to have caused a decrease in the diversity of the macroinvertebrate community, it is
likely that the community will re-populate if the sediment from the upstream source is controlled.

Figure 3.20 – Stream substrate at Site 9 – Glade Creek at Vinyard Park during the fall sample (10/28/16). The
area within the frame was disturbed for sample collection, in contrast to the area outside the frame, which
demonstrates the degree of sedimentation at the site.

In general the water chemistry parameters can only be used as background data, however it is of interest
that the spring temperature at Site 10 – Lick Run-Norfolk Southern reach was nearly 3°C warmer than the
next warmest temperature at Site 14. This is likely due to the lack of shading and subsequent heating

29

The results of the biological sampling at sites along Lick Run that are outside of the subject watersheds are not
included in this WMP, however they will be delivered to the City in December 2016, and are available upon request.
30

VSCI data was provided by the DEQ at a meeting on 1/26/2015. Median VSCI for 8,177 records at 1,856 sites
across Virginia was 61.29 in the fall and 56.40 in the spring.
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along the 1.1 mile concrete reach. It is unlikely that this is the sole cause of the poor aquatic diversity at
Site 10, but that this is the result of poor habitat for the development of a community, and the lack of
energy dissipation afforded by the concrete-lined channel immediately upstream. It is reiterated that this
particular site was chosen as it provides a baseline VSCI score that is unlikely to change, that can be
compared to other sites that may improve with upstream and in-stream improvements.

3.3.2 Historical Water Quantity, Quality and Ecology Data
Information regarding water quantity and quality in the Tinker Creek and tributary watersheds are
available from the United States Geological Survey (USGS) and the Virginia DEQ, respectively.
Although the data available from these agencies for the study area was limited, it was included to assure
that all background information was considered.

(a) Water Quantity – USGS Gage at Tinker Creek
There is a single active USGS gage station on Tinker Creek near Daleville, VA (ID 02055100). This
station is operated in cooperation with the Western Virginia Water Authority (WVWA), and was installed
to monitor the depth of Tinker Creek at the inflow location of the inter-basin water transfer to the Carvins
Cove reservoir. This conduit conveys additional streamflow to the reservoir during seasons when
precipitation over the reservoir’s contributing drainage area is insufficient for water demand. Data for this
station is available from 1956 to present day and includes the parameters of gage height (water level) and
discharge, which is estimated using a stage-discharge rating curve. Instantaneous gage height and
discharge measurements taken every 15 minutes are available from October 2007 to present day. Daily
flow data reported as mean daily discharge is available from May 1956 to present day. The annual mean
flow at this gage for 2015 was 10.3 cfs, and the annual mean flow for all water years 1956 – 2015 was
12.1 cfs.
There are seven (7) locations where historical flow measurements have been taken by USGS. These sites
are summarized in Figure 3.21. There are five (5) sites along the Tinker Creek mainstem, one (1) in Glade
Creek, and one (1) in Lick Run at the watershed boundary between the Lick Run watershed and the Lick
Run – Norfolk Southern watershed. The number of samples available at each site refers to the number of
stream discharge measurements taken during the listed time period. A map showing the eight (8) USGS
flow monitoring stations (1 active gage and 7 historic sampling locations) is shown in Figure 3.21.
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Site ID

Site Name

Years
Sampled

# of
Samples

Parameter
Measured

02055098

Tinker Creek
at Ivy Lane
near Daleville,
VA

2001

1

Water
Quality

02055125

Tinker Creek
near
Cloverdale,
VA

1941 –
1960

4

Stream
Flow

02055500

Tinker Creek
at Roanoke,
VA

1907 –
1908

5

Stream
Flow

02055510

Tinker Creek
at Walnut St
near Vinton,
VA

1968

1

Stream
Flow

0205551610

Tinker Creek
at Wise Ave
near Vinton,
VA

2002 –
2004

9

Stream
Flow

02055520

Glade Creek
above mouth
at Vinton, VA

2002 –
2004

10

Stream
Flow

02055515

Lick Run AB
Norfolk
Southern STP
at Roanoke,
VA

1994 –
2003

13

Stream
Flow

Figure 3.21 – Existing USGS flow monitoring stations in the subject watersheds along with a summary of the available data.
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(b) Water Quality
The Virginia Department of Environmental Quality (DEQ) performs water quality sampling across the
state, and publishes the results to the EPA every two years in a report called the 305(b)/303(d) Water
Quality Assessment Integrated Report (IR). The results of this sampling determine if a water body is
considered “impaired” or not, and is the official list of water bodies that do not support state water quality
standards (WQS, see Section 1.3).
There are 42 DEQ water quality monitoring sites across the Tinker Creek and tributary watersheds (for
the 2014 305(b)/303(d) IR). These monitoring sites along with the station codes are listed by watershed in
Table 3.7. The Station IDs and codes are provided according to the DEQ’s standard site naming
conventions.
Table 3.7 – Virginia DEQ water quality monitoring stations by watershed in the Tinker Creek and tributary
watersheds.
Station ID
Tinker Creek
4ABPA-1-SOS
4ABPA-3-SOS
4ATKR000.17
4ATKR000.69
4ATKR009.30
4ATKR010.54
4ATKR014.16
4ATKR015.40
4ATKR015.88
4ATKR-1-SOS
4ATKR-2-SOS
4ATKR-4-SOS
4ATKR-5-SOS
4ATKR-6-SOS
4ATKR-7-SOS
4ATKR-8-SOS

Station Code(s)
CMON
CMON
CMON
A
A
FPM
B
FPM
A
CMON
CMON
CMON
CMON
CMON
CMON
CMON

Carvin Creek31
4ACRV001.88
4ACRV006.19
4ACRV-1-SOS
4ACRV-2-SOS
4ACRV-3-SOS
4ACRV-5-SOS
4ADEE000.06
4ADEE-1-SOS

A
A
CMON
CMON
CMON
CMON
A
CMON

B
C
B

TR
TM

B
TM

L

Station ID
Glade Creek
4AGLA000.20
4AGLA004.39
4ACNE-6-RVTU
4AGLA-1-RVTU
4AXVR-1-SOS
4AXVR-2-RVTU
4AGLA-3-RVTU
4AGLA-4-RVTU
4AGLA-5-RVTU
4AGLA-8-RVTU
4AGLA-9-RVTU
4AGLA-10-RVTU
4AGLA-2-SOS
4AGLA-3-SOS
4AGLA-4-SOS
4AGLA-5-SOS
4AGLA-SOS

Station Code(s)
A
A
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON
CMON

Lick Run – Norfolk Southern
4ALCK000.38
A

TM
TM

TM

B

The Virginia DEQ station codes describe the type of monitoring that occurs at that site and/or inform the
purpose for monitoring, and is further described in the Surface Water Monitoring Program section of the
303(d)/305(b) report [58]. Type A (or AW) stations are the DEQ’s ambient watershed network of stations
which represent the largest single section of the monitoring program. CMON (or CM) are citizen
Stations with a “DEE” code indicate that the site is located on Deer Branch, referred to in this WMP as the West
Fork of Carvin Creek, as this is the name given by the National Hydrography Dataset.
31
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monitoring stations, which are monitored due to specific requests by the public to address local concerns.
FPM (or FP) are freshwater probabilistic monitoring stations that cover the non-tidal free-flowing waters
of the state to address the overall water quality for free-flowing streams in the Commonwealth. B (or RB)
are biological monitoring programs which focus on the analysis of benthic macroinvertebrate
communities to assess water quality conditions. C (or FT) are fish tissue monitoring stations. L (or RL)
are reservoir or lake monitoring stations. TM are monitoring stations associated with the development of a
TMDL and the subsequent implementation plan. Finally, TR are trend stations, which measure a wide
variety of water quality parameters over the long term. The locations of the DEQ water quality
monitoring stations are shown in Figure 3.22.

Figure 3.22 – Existing Virginia DEQ water quality monitoring sites in the subject watersheds.
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Biological stream assessments have been conducted at five (5) DEQ water quality monitoring stations
(Station Code B or RB, Table 3.7), four of which are located along the Tinker Creek mainstem (Station
IDs 4ATKR000.69, 4ATKR014.16, 4ATKR010.54, and 4ATKR015.40) and one of which is along
Carvin Creek (Station ID 4ADEE-1-SOS). In general, these sites were sampled in 2007 and 2008, with
the exception of the Carvin Creek site which was sampled in 2012.
Site 4ATKR000.69 located at Dale Ave SE, south of the confluence of Glade Creek with Tinker Creek,
was created in 2004 as a special study site for the development of the Tinker Creek bacteria TMDL. A
Virginia Stream Condition Index (VSCI) survey was conducted in 2008 at this site yielding a score of
50.9, which is below the state water quality standard of 60.
The remaining four biological monitoring stations are outside city limits. A VSCI survey was completed
in 2008 at station 4ATKR014.16, which yielded a score of 73.0. At station 4ATKR010.54, two surveys
were conducted in 2007 and 2008. The results showed an average VSCI of 65.5. At station
4ATKR015.40, a 2007 survey resulted in an average VSCI score of 59.8. Both the previous sampling
studies in 2007 and 2008 found no sediment exceedances, however the stations did report a metals
exceedance. Finally, the biological monitoring station along Carvin Creek (4ADEE-1-SOS) is located at
the confluence of Carvin Creek and the West Fork of Carvin Creek. The two biological surveys were
performed in 2012 at this station that yielded an average VSCI score of 53.4.

3.3.3 The Floodplain
Although a stream’s floodplain is generally associated with the damages incurred as a result of flood
events [59], and the subsequent cost to insure properties within the floodplain [60], properly managed
floodplains can provide extensive hydrologic and ecological services. For example, Opperman et al. [61]
suggest that the reconnection of streams with their floodplains will reduce flood risk by incentivizing
more flood-tolerant land uses, which are less likely to cause infrastructure damage or require disaster
relief payments. The reconnection of streams with the floodplain also increases the amount of flood
storage and conveyance. According to Poff et al. [62], the channelization of streams and rivers has the
potential to actually increase the magnitude of extreme flood events. This is because the floodplain
provides flood storage and energy dissipation, the benefits of which are lost when the stream is severed
from the floodplain, accelerating the delivery of floodwaters downstream. Disconnecting streams from the
floodplain also inhibits the natural processes of sediment movement that regulate the ecological and
topographic diversity of the floodplain. Although Tinker Creek and its tributaries are headwater streams
and are less likely to be affected by flooding, proper floodplain management can reduce the impact of
flooding at downstream confluences.
The extent of a stream’s floodplain can be assessed using FEMA’s Flood Insurance Rate Maps (FIRMs)
[63], which are generally created by modeling the areal extent of the 100-year flood using a rainfallrunoff model. These delineations are categorized as [64]:




The “Floodway” – defined as the stream channel and adjacent land areas that must be reserved in
order to discharge the 100-year flood without cumulatively increasing the water surface elevation
by more than a designated height.
The “100-year Floodplain” – areas subject to inundation by the 100-year flood (i.e. a 1% annual
chance flood event). The floodplain is subdivided into Zones A, AE, and AO based on the
method used for delineation.
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The extent of the FEMA defined flood zones in Tinker Creek and its tributaries are shown in Figure 3.23.
The 100-year floodplain along Tinker Creek is widest at the confluence of Tinker Creek and Carvin
Creek, and narrows downstream as it approaches Orange Ave. The Lick Run – Norfolk Southern 100year floodplain widens to over 2,000 feet in some locations, specifically extending across the railroad
property and up into Orange Ave. The greatest extent of the Glade Creek 100-year floodplain are outside
city boundaries and are generally on the south and east side of Glade Creek. Within the Tinker Creek and
tributary watersheds (Roanoke City exclusively), 561.4 acres (7.7%) of the land is within the 100-year
floodplain. Within the City of Roanoke, 693 parcels and several major public right-of-ways are located
partially or wholly within the floodplain, the majority of which is residential, public right-of-ways, open
space, or undeveloped land. Of these 693 parcels, 330 parcels have the centroid of the property within the
100-year floodplain.
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Figure 3.23 – FEMA defined flood hazard zones within the Tinker Creek and tributary watersheds. FEMA FIRM data from [63].
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3.4 STREAM RECONNAISSANCE AND INVESTIGATIONS
In order to characterize the Lick Run and Tinker, Glade, and Carvin Creek stream channels, field surveys
were conducted to gather additional information about the streams’ current condition using an iPad and
the ArcGIS Online environment. The length of the stream was walked generally from the Tinker Creek
confluence with the Roanoke River, to the locations where the perennial streams crossed outside of the
City’s jurisdictional boundary. Basic notes, measurements, and photographs were taken along the stream
at locations of interest, such as outfalls from the storm sewer system, culvert crossings, geomorphic
changes, utility crossings, sources of baseflow, and potential sites for biology or hydrology monitoring.
The data contained in these layers were later integrated with the City stormwater system data to provide a
complete picture of the hydrology of the subject watersheds.

3.4.1 High-Resolution Hydrography
Previously, the only data available that was descriptive of the subject watershed’s hydrography was from
the National Hydrography Dataset (NHD) stream lines, a watershed boundary based on topographic
surveys from the 1997 Valleywide Stormwater Management Plan [65], and some preliminary storm drain
data collected by City interns between 2004 and 2011. These data showed that the subject watersheds
consisted of approximately 19.4 miles of perennial stream draining 7,577 acres, though no more detailed
analysis could be performed.
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(A) The subject watersheds and drainage channels as defined by the 1997
Valleywide Stormwater Management Plan and the National
Hydrography Dataset.

(B) The subject watersheds defined for this WMP with the perennial
streams shown.

(C) The subject watersheds defined for this (2016) WMP with the
perennial stream and major trunk lines shown.

(D) The subject watersheds defined for this WMP with all drainage
features shown.

Figure 3.24 – Storm sewer and stream data available in the subject watersheds: (A) based on the 1997 Valleywide Stormwater Management Plan [65]
and National Hydrography Dataset [66]; (B) based on the 2016 survey showing the perennial stream only, (C) major trunk lines, (D) all drainage
conveyances.
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The stream survey, combined with the survey of upstream drainage features provided a more detailed
understanding of the watershed than was previously possible, especially regarding the geomorphic
changes that have occurred with urbanization. The stream, and its contributing drainage network could be
divided into five basic channel types: (1) piped, (2) channelized, (3) re-routed, (4) natural, and (5)
locations where the stream flows through some sort of stormwater BMP (a negligible percentage of the
overall drainage).
Along the perennial stream, which was operationally defined as stream channel with noted baseflow
during the spring and fall of 2016 (Figure 3.24B), there were minimal piped segments, and these were
typically short culverts under roads. Culvert reaches mostly appeared in the Carvin Creek watershed, as
Glade Creek and Tinker Creek were both crossed primarily by bridges, not culverts. Channelized
segments refer to open channels which have been constructed from materials such as concrete or gabion
baskets, and constrain the stream from natural overbank flows as it moves through developed areas – this
includes bridge sections. Re-routed sections are reaches where the stream has been relocated during
development and no longer follows a natural course. A reach was also considered “re-routed” if a
roadway or development was constructed immediately adjacent to the stream, preventing any
morphologic adjustment. Natural stream reaches refer to sections which appear to be largely unaffected
by development, and in their most natural state. Of course, all the streams within the City have been
affected by development to some degree, however these reaches were characterized by substantial
vegetative cover, and the lack of adjacent development.
The 17.5 miles of perennial stream reaches within the City (as defined in this WMP) were categorized
as 44% natural and 43% re-routed channel (Figure 3.25 (B) and (C))32. The 1.38 miles of channelized
perennial stream is primarily along the Lick Run Norfolk-Southern Reach and at bridge sections, and 1
mile of the perennial stream in these watersheds is piped in two locations: a short reach draining Kimball
Ave. near Orange Ave., and a reach of Tributary A to Glade Creek along 7th St. in Vinton33. It was
determined that the length of perennial streams was slightly less than the NHD estimate, as the two
streams draining through the Old Monterey and Blue Hills Golf Courses were found to be intermittent
streams (i.e. they do not consistently convey surface flow).
The inclusion of the intermittent streams and storm drain trunk lines34 as shown in Figure 3.25 (C) shows
that these drainage features are primarily comprised of closed conduits – a total of 18.5 miles in the
subject watersheds. This includes two parallel trunk lines parallel to Williamson Rd., trunk lines draining
the Statesman Industrial park, and a large trunk line along Orange Ave. directing drainage from both of
these areas to Tinker Creek. There are also several trunk lines in the Carvin Creek watershed draining the
areas around Williamson and Hershberger Rd. Finally, when the entire drainage system is considered, the
total length of piped drainage increases to approximately 80 miles, and the length of re-routed drainage

32

By comparison, the Lick Run perennial stream was categorized as 59% natural and 19% re-routed [139]. The
subject watersheds have a larger amount of stream that is constrained by roadway and development than Lick Run.
This reach was included in the analysis as Glade Creek and Tributary A briefly leave and re-enter the City’s
jurisdiction.
33

34

The definition of trunk lines is as follows: Pipes of diameter greater than or equal to 36 in., or box culverts of the
same rise or span. Lines were traced upstream until they no longer fit this criterion. If there was only one length of
pipe of the stream that fit this criterion, it was not considered a trunk line.
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increases to 30 miles, as non-jurisdictional ditches are included in the statistics. Overall, the total
conveyance length in the subject watersheds is 119 miles – 67% of which is piped35.

Conveyance Length (mi)

120
100

Waterway
Type

80

Unknown
60

Piped
Channelized

40

Re-Routed
Natural

20
0
(A) NHD

(B) Perennial

(C) Perennial +
Intermittent +
Trunk Lines

(D) Entire
Drainage
Network

Figure 3.25 – Total mileage of perennial streams in the subject watersheds estimated based on (A) the
National Hydrography Dataset and (B) 2016 stream survey. (C) Total mileage with trunk lines included. (D)
Total mileage with all drainage conveyances included. Letters (A) – (D) correspond with Figure 3.24.

The exponential increase in piped drainage in the upstream reaches of these catchments, as shown in
Figure 3.25 (D) has an important impact on the hydrology, ecology, and geomorphology of the perennial
streams. Headwater streams, in their natural state have a disproportionate capacity to support ecological
diversity, and nutrient and carbon cycling [67], as well as balancing production and respiration in the
riparian system [68]. In the subject watersheds, these streams have been buried and piped, limiting these
ecological functions. Headwater stream burial also has an important consequence for flooding and
erosion, as 69% of drainage miles in the subject watersheds (conveyances designated as “piped” or
channelized”) do not have the capacity to moderate velocity and discharge by infiltrating a proportion of
surface runoff into the groundwater table.
The collection of high-resolution stormwater system data is valuable for understanding the functional
effects of urbanization to the drainage system, but also helps delineate the watershed area to a level of
accuracy and precision that is not possible without these data. Typically, the watershed divide is
delineated using land surface topography, however in urban areas pipes can cross these natural divides
rendering land surface-derived watershed boundaries incorrect. An example of this is shown in Figure
3.26, where a surface derived watershed boundary for Glade Creek from the 1997 Valleywide Stormwater
Management Plan [65] is shown in green (clipped to City boundary), and the watershed boundary
delineated using both land surface topography and sub-surface drainage infrastructure is shown in red.
35

It should be noted that conveyances at the Roanoke Regional Airport could not be surveyed and that completion
of stormwater infrastructure mapping in Roanoke County was not part of this survey effort, outside of the perennial
stream conveyances of Lick Run in the County.
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The difference in these drainage boundaries is caused by a storm drain trunk line along Orange Ave.
gathering runoff from the areas to the north of the road and diverting it to the Tinker Creek mainstem,
instead of allowing the water to flow overland to Glade Creek. The importance of this sub-surface
diverted runoff is that runoff from areas north of Orange Ave. may have originally drained to Glade
Creek, but since these flows are now being diverted to Tinker Creek, the morphology of Tinker Creek
will need to adjust to these additional flows – though it is likely that this has already occurred.

Figure 3.26 – A comparison between the surface-derived watershed boundary for Glade Creek from the 1997
Valleywide Stormwater Management Plan (green) and the land surface plus sub-surface infrastructure
derived watershed boundary (red).
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3.4.2 Stream Reach Narrative
In order to more effectively describe the stream and drainage network, a stream stationing system was
implemented with a structure borrowed from the VDEQ’s water quality monitoring program. Various
locations of importance along the perennial and intermittent streams were identified, and the sites were
stationed according to the following convention:
STREAM-TRIB ID-##.##
Where “STREAM” is the name of the perennial stream to which the station drains; “TRIB ID” is an
alpha-numeric identifier for unnamed tributaries (perennial or intermittent) to the main stem; and ##.## is
the absolute stream mileage upstream from the next downstream confluence with a named stream. The
following stream names and identifiers were used based on the NHD, and conversations with City staff:
West Fork of Carvin Creek (CRW); Carvin Creek (CRV); Glade Creek (GLA); Lick Run including the
Norfolk-Southern Reach (LCK); and Tinker Creek (TKR).
This system of stream naming was used to break the stream network into smaller “reaches” that shared
similar characteristics, which can be more easily described. Generally, reaches were organized based on
these shared characteristics, and notable bridge crossings and confluences, and the 14 stream reaches in
the implementation area of the subject watersheds are shown in Figure 3.27. This figure provides an
overview of the 14 stream reaches, along with a basic description of the reaches according to their
beginning and ending stations, and hydrographic characteristics described in Section 3.4.1. The “Reach”
column in the table is related to the number on the map, and clicking on the reach number will direct the
reader to a series of photographs describing that particular reach in the following section.
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Reach

Reach
Name

Tinker Creek
Tinker
Creek
1
Greenway
Tinker
Creek
2
Industrial
13th St.
3
NE
Mason
4
Mill

DS -> US
Stream
Mile

Downstream
Landmark

Upstream
Landmark

Reach
Length
(mi)

%
Natural

% Rerouted

%
Channelized

%
Piped

0.00-1.06

Confluence w.
Roanoke River

Wise Ave.
Bridge

1.05

97%

1%

2%

0%

1.06-1.79

Wise Ave.
Bridge

Orange Ave.
Bridge

0.72

22%

77%

1%

0%

Orange Ave.
Bridge
Mason Mill
Rd. Bridge
Hollins Rd
Bridge
Columbia St.
Bridge

Mason Mill
Rd. Bridge
Hollins Rd
Bridge
Columbia St.
Bridge

1.11

50%

48%

3%

0%

1.08

86%

13%

0%

1%

0.93

49%

50%

1%

0%

VA 601

0.75

37%

63%

0%

0%

Box Culverts
at Norfolk
Ave.

1.12

0%

0%

100%

0%

1.19

66%

32%

2%

0%

1.45

71%

27%

2%

0%

0.71

20%

44%

0%

37%

Above
Orange Ave.

1.69

12%

78%

1%

10%

Confluence
w. W. Fork
Carvin Creek

1.85

54%

43%

3%

0%

Airport Rd.
Bridge

1.32

47%

50%

2%

1%

Peters Creek
Rd. Culvert

0.97

36%

57%

0%

7%

1.79-2.92
2.92-4.01

5

WVWA

4.01-4.93

6

CEI

4.93-5.66

NorfolkSouthern

0.00-1.14

Lick Run
7

Glade Creek
Gish’s
8
Mill
Vinyard
9
Park

0.00-1.21
1.21-2.66

10

Trib A

0.18-0.89

11

Trib B

1.21-2.91

Carvin Creek
Carvin
Creek
0.00-1.85
12
Mainstem
West Fork Carvin Creek
Airport
Down0.00-1.35
13
stream
14

Trib B. –
Airport

1.35-2.31

Confluence w.
Tinker Creek
Confluence w.
Tinker Creek
Confluence w.
Trib B
Confluence w.
Glade Creek
Mainstem
Confluence w.
Glade Creek
Mainstem
Confluence w.
Tinker Creek
Confluence w.
Carvin Creek
mainstem
Confluence w.
W. Fork
Carvin Creek
mainstem

Confluence
w. Trib B
Roanoke
County Line
Gus Nicks
Blvd.
Crossing

Figure 3.27 – The subject watersheds with defined stream reaches numbered in black and mile markers at reach upstream and downstream endpoints. The “Reach” column in the table corresponds with the map, and the Reach number is hyperlinked to
the relevant sub-section that provides photographs and notes. Referred to in the following section as the “Stream Reach Map”.
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(a) Tinker Creek (TKR)
1. Tinker Creek Greenway

Figure 3.28 – Tinker Creek confluence with Roanoke River. This location is the downstream terminus of the
subject watersheds for this WMP. Note the increased turbidity in the Roanoke River (flowing from left to
right across the photograph) as compared to Tinker Creek (flowing below the railroad trestle).

Figure 3.29 – Tinker Creek Reach 1 at the Town of Vinton Public Works Boat Ramp (left). Facing
downstream.
Back to Stream Reach Map.
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Figure 3.30 – Tinker Creek Reach 1 at Dale Ave SE Bridge.

Figure 3.31 – Tinker Creek Reach 1 at Glade Creek confluence. Photo taken facing upstream on Tinker (left)
with Glade Creek entering from right. Note the difference in turbidity between Tinker and Glade Creek,
though it is not clear why this is the case.

Back to Stream Reach Map.
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2. Tinker Creek Industrial

Figure 3.32 – Tinker Creek at the Wise Ave. SE (Walnut Ave.) Bridge (foreground), facing upstream after
rain storm event on 2/23/2016. Pedestrian bridge in background. Reach 2 begins above the Wise Ave. bridge.

Figure 3.33 – Tinker Creek Reach 2 at confluence with Lick Run – Norfolk Southern (Reach 7). Facing
upstream.

Back to Stream Reach Map.
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Figure 3.34 – Tinker Creek Reach 2 along 13th St. NE, south of Orange Ave. Facing downstream.

Figure 3.35 – Confluence of storm drain trunk line from Orange Ave. east and Tinker Creek, immediately
downstream of Orange Ave. Photo taken looking upstream on the trunk line, with Tinker Creek flowing right
to left across the photo.
Back to Stream Reach Map.
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3. 13th St. NE

Figure 3.36 – Tinker Creek Reach 3 upstream of Orange Ave., facing upstream. 13th St. NE parallels the
Creek on the right side of the creek (not visible in photo).

Figure 3.37 – Tinker Creek Reach 3 at Eastgate Park, downstream of 13 th St. bridge. Eastgate Park is on the
right side of the photo.
Back to Stream Reach Map.
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Figure 3.38 – Moderate incision along stream left on Tinker Creek Reach 3, upstream of North Ave.
Back to Stream Reach Map.
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4. Mason Mill

Figure 3.39 – Mason Mill Dam on Tinker Creek Reach 4 above Mason Mill Rd. NE. Facing Upstream.

Figure 3.40 – Waterfall created by sanitary sewer line crossing Tinker Creek Reach 4 below Old Mountain
Road (in the background).
Back to Stream Reach Map.
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5. WVWA

Figure 3.41 – Diversion Channel on Tinker Creek Reach 5 at oxbow near Western Virginia Water Authority
property. Facing upstream.

Figure 3.42 – Water fall created by utility line crossing Tinker Creek Reach 5 at oxbow near Western
Virginia Water Authority property, creating approximately 3 ft. drop. Facing upstream.
Back to Stream Reach Map.
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6. CEI

Figure 3.43 – Tinker Creek Reach 6 behind Cosmetic Essence Incorporated upstream of Columbia St. Bank
erosion approximately 20 ft. in height.

Figure 3.44 – Tinker Creek Reach 6 upstream of Hollins Rd. at Biology Site 13
Back to Stream Reach Map.
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(b) Lick Run (LCK)
7. Reach 7 – Norfolk-Southern

Figure 3.45 – Lick Run upstream of the confluence with Tinker Creek, facing upstream.

Figure 3.46 – Lick Run upstream of Hollins Rd. NE bridge, showing confluence from perennial stream
flowing from the north (stream left). Lick Run is flowing from left to right across the photo.

Back to Stream Reach Map.
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Figure 3.47 – Lick Run at the upstream end of the Norfolk Southern reach, facing upstream. The stream
flows out of the culverts from Trout Run to the east and Lick Run from the northeast.

Back to Stream Reach Map.
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(c) Glade Creek (GLA)
8. Gish’s Mill

Figure 3.48 – Gish’s Mill on Glade Creek upstream of Gus Nicks Blvd. Bridge (Reach 8). Photo taken behind
the now closed Holdren’s Country Store on Gus Nicks Blvd.

Figure 3.49 – Glade Creek between Gus Nicks Blvd NE and Railroad Bridge. Stream bank erosion of 15 – 20
ft. on both banks. Bedrock is visible on stream bottom.
Back to Stream Reach Map.
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Figure 3.50 – Glade Creek main stem (Reach 8) at railroad crossing. Creek flowing left to right and from
background to foreground across photo.

Figure 3.51 – Glade Creek main stem (Reach 8) upstream of railroad crossing, and immediately downstream
of Vinyard Park; photo facing upstream. Railroad tracks on the left of the photo (stream right).

Back to Stream Reach Map.
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9. Vinyard Park

Figure 3.52 – Glade Creek main stem (Reach 9) at Vinyard Park recreational fields (in Roanoke County).

Figure 3.53 – Stream restoration project underway on Glade Creek upstream of Berkley Rd. NE in Roanoke
County’s Vinyard Park (upstream of Figure 3.52). Significant deposition of sediment noted downstream
during biology sampling on 10/28/16 at Biology Site 9 (see Section 3.3.1). Photo facing downstream.

Back to Stream Reach Map.
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10. Tributary A

Figure 3.54 – Glade Creek Tributary A (Reach 10) at the railroad track crossing near Walnut Ave. within
Town of Vinton.

Figure 3.55 – Glade Creek Tributary A (Reach 10) along Midway St. NE.

Back to Stream Reach Map.
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Figure 3.56 – Glade Creek Tributary A (Reach 10) at Thrasher Park. Photo taken from unmanned aerial
vehicle (UAV) above existing ~50 ft. riparian buffer installed as part of a stream restoration project designed
in 2006 by the City Engineer’s office36.

36

Plan and profile sheet available here.
Back to Stream Reach Map.
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11. Tributary B

Figure 3.57 – Confluence of Glade Creek main stem flowing right to left across photo, and Tributary B
(Reach 11) entering from the culvert under the railroad tracks.

(A) Upstream

(B) Downstream
Figure 3.58 – Glade Creek Tributary B (Reach 11) at Spring Tree Dr. NE and King St. NE intersection (near
Orange Ave. Wal-Mart) (A) upstream and (B) downstream of Spring Tree Dr. NE.
Back to Stream Reach Map.
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Figure 3.59 – Glade Creek Tributary B (Reach 11) along Orange Ave. west of King St. NE. Flowing right to
left across photo.

Back to Stream Reach Map.
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(d) Carvin Creek (CRV)
12. Carvin Creek Main stem

Figure 3.60 – Confluence of Tinker Creek and Carvin Creek main stem. Tinker Creek flowing right to left
across photo, and Carvin Creek entering from background.

Figure 3.61 – Carvin Creek at Plantation Rd. NE culvert crossing. Facing downstream.
Back to Stream Reach Map.
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Figure 3.62 – Carvin Creek at Hershberger Rd. NW culvert crossing.

Figure 3.63 – Pungent orange floc from iron-oxidizing bacteria from ground water flows. In Roanoke County
below Verndale Dr.
Back to Stream Reach Map.
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Figure 3.64 – Confluence of Carvin Creek main stem and West Fork of Carvin Creek at Brookside Park
(Roanoke County). The mainstem flows from right to left across the foreground of the photo, and the West
Fork enters from the background.

Back to Stream Reach Map.
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(e) West Fork of Carvin Creek (CRW)
13. Airport Downstream

Figure 3.65 – W. Fork of Carvin Creek at Williamson Rd. Culvert. Creek flowing from right to left across
photo.

Figure 3.66 – W. Fork of Carvin Creek flowing along Dent Rd. Photo facing upstream, with Dent Rd. on
stream left and Darby Rd. Townhomes on stream right. Townhomes are within the 100 yr. floodplain (FEMA
Zone AE). Photo taken within Roanoke County.
Back to Stream Reach Map.
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(B) In-stream structure facing downstream

(C) In-stream structure after rain storm event on 5/11/16. Total precipitation depth of 1.38 in. over 1 hour
at the NOAA Airport Gage (2 – 5 yr. annual recurrence interval). Photo from A. Plaza (RRAC)
Figure 3.67 – Flood control structure on W. Fork Carvin Creek Reach 13, between Airport runway and Dent
Rd.

Back to Stream Reach Map.
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14. Tributary B – Airport

Figure 3.68 – Confluence of Tributary B and W. Fork Carvin Creek. Creek flowing from right to left across
photo; Tributary B flowing from background and W. Fork Carvin Creek in foreground.

Figure 3.69 – Trib. B, W. Fork Carvin Creek upstream of Airport Rd. NW. Photo facing downstream. 10 – 15
ft. of stream bank erosion on stream left.
Back to Stream Reach Map.

VT Civil & Environmental Engineering, Dymond et al.

113

Section 3 - Summary of Watershed and Stream Conditions

Tinker and Tributaries Watershed Master Plan
December 2016

Figure 3.70 – Trib B., W. Fork of Carvin Creek near the Police Recruitment building on Barns Ave. It
appears that the creek has been intentionally dammed up at this location.

Figure 3.71 – Trib. B, W. Fork of Carvin Creek between the Roanoke-Blacksburg Regional Airport, and the
U.S. Navy & Marine Corps Reserve office on Barns Ave. NW.
Back to Stream Reach Map.
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3.5 CATCHMENT PRIORITIZATION
In order to evaluate the watershed at a smaller scale, it was subdivided into 365 sub-watersheds or
“catchments” within the City based on the topography of the land surface, aerial photography, and the
storm drainage system. These catchments provided a hydrologic unit of analysis at a scale appropriate for
planning, as they help describe how rainfall runs off the land surface, the pollutants that the runoff is
likely to transport, and the level of treatment received before this runoff enters the perennial streams.
The purpose of this section is to synthesize the information from Sections 3.1 – 3.4 to create composite
scores for each catchment based on its potential for (1) flooding events as a result of precipitation, (2)
illicit discharges to the storm drain system not related to precipitation, and (3) the potential for landscape
erosion. These composite scores are used as the basis for recommending improvements in Section 5.
Catchment prioritization was performed only for catchments within the City’s jurisdiction, as the data
available outside of the City was not comparable to City data, and because City implementation is limited
by the jurisdictional boundary.

3.5.1 Flooding
The prioritization of catchments for the implementation of stormwater BMPs designed to prevent
flooding was based on the hydrologic and hydraulic characteristics of the catchments. The flooding
potential of a catchment is related to three land surface characteristics that drive runoff generation during
precipitation events: (1) land cover, (2) impervious cover, and (3) soil infiltration capacity. The following
sub-sections describe how these three factors were integrated to estimate flood potential, and present the
results of this analysis for the 365 catchments in the subject watersheds.

(a) Methods
To evaluate the flooding potential of each catchment, a standard composite score was chosen that would
account for catchment soil condition (Section 3.1.4), and land cover/impervious surface (Section 3.1.3)37.
This score is called a runoff curve number (CN) – an index of catchment runoff potential created by
USDA’s Soil Conservation Service (now the Natural Resources Conservation Service, NRCS)[38]. This
method was originally developed for estimating runoff from agricultural land in the Midwest United
States, but has since been modified for use in regions with different climatic and hydrologic conditions
[69]. CN values range from 0 – 100, with 0 representing infinite runoff retention potential, and 100
representing a completely impermeable watershed, although in practice, impervious surfaces are given a
CN of 98, as they provide some potential for abstraction38. For the purposes of controlling flooding and
the related erosion and pollutant transport, lower CNs are better as catchments with high abstraction
potential can attenuate runoff before it enters the stream or drainage system.
Catchment runoff CNs for Lick Run were calculated by assigning a CN to each parcel and the public
right-of-way based on land use, percent imperviousness, and hydrologic soil group, and using Table 3.18
and Equation 3.50 in McCuen (2005) [70]. Parcels were then intersected with the catchment boundaries,

37

Neither runoff depth calculations, nor stormwater modeling were performed, but data was organized for simple
input into the NRCS TR-55 Method [38]. If more complex hydrologic/hydraulic modeling is desired, the GIS data is
structured for input into modeling software, though elevation information from the City’s new LiDAR data would
need to be incorporated, and continuous discharge monitoring for model calibration would be necessary.
38

The term abstraction refers to infiltration, evaporation, or transpiration of runoff.
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and an area-weighted composite CN was calculated for each catchment. It was then determined if
catchment drainage was routed through an existing stormwater BMP prior to discharge in the perennial
stream using the data from Section 3.1.6. Catchments that did not receive any type of treatment prior to
discharge in the perennial streams were considered “connected”, and those that received treatment of
some type were considered “disconnected.” Connected catchments with high CNs have the highest
flooding potential, followed by disconnected catchments with high CNs. Catchments are considered in
this order in the following section, with additional consideration given to the type of treatment provided.

(b) Results
The results of the analysis shows that CNs in the subject watersheds range from 68 – 98 with an overall
area-weighted CN of 86.5 for the entire subject watershed area. The distribution of CNs across all
catchments is shown in Figure 3.72A, and the concentration of high-priority runoff-generating catchments
are clustered in three general areas: (1) around the Roanoke-Blacksburg Regional Airport, (2) in the Lick
Run – Norfolk Southern drainage area and along Williamson Rd. and (3) around the Statesman Industrial
Park. Catchments that are not currently routed to any sort of stormwater BMP – referred to as
“connected” catchments – were then isolated, and these results are shown in Figure 3.72B. Note that the
same color gradient was used for Figure 3.72A and B so the graphics could be compared to each other.
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(B) Runoff Curve Number (CN) for “connected” catchments

(A) Runoff Curve Number (CN) for all catchments
Figure 3.72 – Runoff Curve Numbers (CNs) calculated based on McCuen (2005) [70] for all catchments within the City.
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The exclusion of “disconnected” catchments removed approximately 23% of the drainage area of the
entire subject watersheds – most notably the Statesman Industrial Park and some of the area around the
Roanoke-Blacksburg Regional Airport. Although these areas are currently routed through detention
basins, the function of these basins could be improved by reconfiguring the pond and outlet structure (see
Section 5.4.2). Catchments that are immediately adjacent and connected to the perennial streams with low
existing runoff potential (e.g. the Blue Hills and Old Monterey Golf Courses) should be preserved along
the edge-of-stream, and replanted with native, woody vegetation (see Section 5.4.1(a)iii).
Only a small portion of the area draining to the Lick Run – Norfolk Southern Reach is currently routed
through a stormwater BMP, and the same is true for the areas around Williamson Rd. and Orange Ave.
draining to the Orange Ave. trunk line. This means that the disproportionately large amount of surface
drainage from these areas flows directly into Lick Run and Tinker Creek without any sort of peak flow or
volume reduction, or the attenuation of the travel time. The installation of BMPs that would reduce
connectivity in this area presents a challenge for two reasons: first, the soils in this area are primarily D
soils or classified as “urban soils/udorthents” (Figure 3.10), so the construction of BMPs that use
infiltration as an abstractive mechanism is not appropriate. This means that the City would need to rely on
BMPs that temporarily store and release runoff, however these BMPs typically occupy large footprints,
and clusters of vacant land is limited in this area. In order to retrofit this area with flood control
improvements, the City would likely need to consider an underground storage facility along Kimball
Ave., or a coordinated effort with the Norfolk Southern Railroad Corp. to place similar structures on their
property. Another potentially more cost-effective option may be a program that encourages the reestablishment of tree cover in this area, the merits of which are discussed in Section 4.2.7, with a basic
plan presented in Section 5.3.1.

3.5.2 Illicit Discharge Potential
A prioritization of catchments for targeting educational and hazardous material disposal programs was
performed based on the results of the non-bacterial illicit discharge risk mapping performed in Section
3.2.1. Only non-bacterial illicit discharges were targeted for this analysis because potential sources of
bacteria should be targeted for location-specific action rather than at the catchment scale (see Sections
3.2.1(a) and 3.2.1(b) for location-specific bacterial illicit discharge risk). The potential for an illicit
discharge in a catchment is based on a number of hydraulic, hydrologic, and land use parameters. Illicit
discharge detection and elimination is implemented through several measures including educational
programs, facility inspections, and the outfall reconnaissance inventory. While risk mapping provides
beneficial insight to all of these aspects of an IDDE program, its primary focus is to prioritize outfalls for
screening and field reconnaissance. It is acknowledged that the City is required to inspect 50 outfalls per
year for their annual MS4 permit, eventually inspecting all outfalls in the City. These recommendations
are not intended to supplant these regulatory requirements, but rather to provide City staff with a list of
locations to visit on a more frequent basis, as possible. The following section describes the methods used
to evaluate catchment-based illicit discharge potential, and the subsequent recommended
prevention/mitigation actions.

(a) Methods
Illicit discharge potential was calculated for 1-meter grids across the Tinker Creek and tributary
watersheds according to the procedures described in Section 3.2.1. Specifically, a combination of the
factors from both the industrial IDP risk map and the illegal dumping IDP risk map were combined for
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the catchment analysis (see Sections 3.2.1(c) and 3.2.1(d)). These types of illicit discharges were targeted
for the analysis because it accounts for the overall risk associated with all non-bacterial types of illicit
discharges. As described previously, bacterial illicit discharges should be targeted for location specific
actions. The combined risk map was overlaid with the catchments layer and the mean IDP value was
calculated for each catchment. The process of calculating the mean IDP for each catchment reduces the
detail of the map, and specific hot spots are no longer visible. However, estimating catchment-based risk
provides the relationship between potential land surface sources, and the location that these potential
sources would appear at the perennial stream (i.e. the outfall).

(b) Results
The results of the catchment-level IDP risk analysis are shown in Figure 3.73, with the darker purple and
red shades indicating a higher risk of overall illicit discharge and the lighter yellow shades indicating a
lower risk of illicit discharge. The subject watersheds exhibit a broad range of risk levels, with the highest
risk catchments clustered in four general regions from west to east, (1) the West Fork of Carvin Creek
north of the Roanoke Regional Airport, (2) the commercial/industrial areas between Orange Ave. and the
Lick Run – Norfolk Southern reach, (3) the Statesman Industrial Park and RCIT, and (4) the Virginia
Transformer Corporation along Glade Creek. Several key indicators play a role in the identification of
these high risk areas. Most high risk catchments have a significant amount of impervious surface,
commercial and industrial developments, and high storm drain infrastructure density. Additionally,
several may have clusters of prior illicit discharge reports. High risk catchments should be prioritized for
targeted inspections of potential pollution generating facilities and educational programs geared towards
commercial, industrial, and residential pollution hazards. These catchments may also be prime candidates
for capital improvement projects to repair or replace aging storm drain infrastructure and eliminate crossconnections with aging sanitary sewer lines.
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Figure 3.73 – Catchments in the City of Roanoke jurisdiction of the Tinker Creek and tributary watersheds
ranked by overall illicit discharge potential. High risk is identified by dark purple-red, while light yellow
indicates catchments with low risk of illicit discharge. Call-outs are described in the preceding paragraph.

In addition to these programs, catchment IDP provides a method for identifying outfalls which are at
higher risk for illicit discharges. Figure 3.74 shows catchments which drain to one of nine (9) individual
priority outfalls, along with four (4) clusters of outfalls. An outfall in this case is defined (for the purposes
of the IDP analysis only) as any point at which a pipe or channel from the storm drain infrastructure
network empties into a perennial stream, whether or not that stream is an open channel or buried pipe.
Outfall clusters refer to areas where multiple high risk catchments adjacent to the stream are draining
directly to the channel, therefore all outfalls located in that reach of the stream should be prioritized.
Priority outfalls were chosen with the goal of capturing all catchments with mean IDP scores in the top
10% of the watershed. The drainage areas to these outfalls are shown in Figure 3.74 with the relevant
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outfall shown as a purple label. In addition, there were several clusters of smaller catchments along the
perennial streams with relatively high ID risk; these catchments were aggregated into clusters, and are
shown in red in Figure 3.74.

Figure 3.74 – Map of catchments and clusters of catchments draining to priority outfalls. Purple numbers
indicate the outfall identification number to which the purple catchment drains. Red areas indicate clusters of
catchments draining to groups of outfalls along perennial streams that should be prioritized for inspection.

The four red outfall clusters shown in Figure 3.74 are located along the West Fork of Carvin Creek north
of the Roanoke-Blacksburg Regional Airport, along Glade Creek near the crossing at Orange Ave, along
Glade Creek near the intersection of King St NE and Berkley Rd NE, and in the Lick Run – Norfolk
Southern reach. A map showing the specific locations of the outfalls and reaches to which the clusters
drain is provided in Section 5.3.2. These outfalls and reaches should be prioritized during the outfall
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screening to provide the best coverage of high risk catchments and the best chance of detecting illicit
discharges. Screening at the nine (9) identified priority outfalls will cover drainage from a total of 147 of
the 365 catchments in the Tinker Creek and tributary watersheds, covering a total of 3,291 acres, or 45%
of the watershed drainage area.

3.5.3 Erosion Potential
The prioritization of catchments for erosion potential (EP) was based on the overall erosion risk from
catchment sources as described in Section 3.2.2(a). The erosion potential was based on a combination of
factors such as land use, land cover, and slope. While risk mapping helps to identify specific locations
where erosion may occur, the catchment analysis provides priority areas across hydrologic drainage areas
where the overall erosion risk is highest. This can help identify locations where future development
should be limited, or where sediment reduction efforts such as street sweeping can be prioritized. The
following section describes the methods used to evaluate catchment erosion potential, and the
recommended mitigation strategies for catchments in the subject watersheds.

(a) Methods
Erosion potential was estimated as a function of soil erodibility, land use, slope, and connectivity to
perennial streams as described in Section 3.2.2 and Section 3.7 of the Phase III Final Report. The
integration of these factors in the GIS generated a watershed-wide raster data layer identifying specific
areas of high EP at 6.25 ft.2 cells – this is shown in Figure 3.16 with photographs showing individual EP
hotspots. In order to better demonstrate the interaction of sediment sources and hydrology, the EP raster
was overlaid with the catchments layer and the mean EP for each catchment was estimated. The mean EP
values were then binned into four categories (minimal, low, moderate, and high) according to Jenk’s
Natural Breaks method.

(b) Results
The results of the catchment EP overlay are shown in Figure 3.75. It should be noted, that while two of
the specific locations of high EP noted in Figure 3.16 (E and F) are also captured in the catchment-based
assessment, the remaining locations are not, as high values were lowered when averaged with the
remainder of the catchment. There are other areas shown in Figure 3.75 that were not noted in Figure
3.16, as these areas have an overall higher mean EP, but may not have any single location that is
disproportionately high. As an example, the high-risk catchments along the Lick Run – Norfolk Southern
reach are ranked high because the catchment includes the vertical channel walls, which pushes the mean
EP value higher. It was determined that while the catchment-based EP map helps highlight areas of high
risk, it does not add significant targeting value over using the raster-based, non-averaged map. For
targeting of specific potential sediment generating sites, the reader is instead referred to Section 3.2.2,
with photographs of in-stream sources provided in Section 3.4.2.
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Figure 3.75 – Catchments in the City of Roanoke jurisdiction of the Tinker Creek and tributary watersheds
ranked by erosion risk potential. Red areas indicate high risk of erosion.
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MONITORING AND EVALUATION

The long-term success of a watershed planning and implementation effort includes monitoring and
evaluating the outcomes of the WMP, and iteratively adjusting the implementation program as necessary.
Monitoring and evaluation is a fundamental component of science-based water resources planning, as
there is a significant amount of uncertainty regarding the effectiveness of the proposed implementation
strategies in Section 5. The feedback loop of implementation-monitoring-iterative improvement is
referred to as “Adaptive Management” [21] – a well-accepted framework for water resources planning
designed to reduce uncertainty with time, and improve the effectiveness of watershed
mitigation/restoration efforts. This framework is also described in Section 2.4 as part of the WMP
process, and the purpose of this section is to briefly describe a potential monitoring program that will
provide the necessary long-term metrics needed given the objectives of this WMP, the characteristics of
the subject watersheds, and the recommended implementation actions.
This Section is divided into five subsections, which each describe a different type of monitoring that will
work towards a comprehensive evaluative program. These recommendations are summarized in Table
6.1, and a more complete technical background is given in Section 4 of the Phase III Final Report.
Table 6.1 – Summary of stormwater monitoring recommendations and associated costs.
Recommendation

Section
Reference

Capital Materials
and Labor Cost

Long-Term
Operation and
Maintenance Cost

Addition of Qualified Rain Gages

6.1

$2.8 – 5K per
station

$2.8 – 5K per
station

Long-term streamflow and sediment monitoring of
the watershed

6.2

$55K per station

$50K per station

Biological monitoring

6.3

-

$300 per site

Short-term catchment monitoring

6.4

- Varies by site -

Polychlorinated Biphenyl Monitoring

6.5

$500 – $1,500/sample or possible funding
for Grad. Research Asst.

In addition to the implementation of the proposed monitoring program, it is also recommended that the
City leverage these datasets for watershed educational programs, and advertise their availability to the
general public. This could include the development of basic biology and hydrology modules in local
schools, and/or the integration into curricula at Virginia Western Community College (see Section 5.3.4).

6.1 ADDITION OF QUALIFIED RAIN GAGES
The magnitude, intensity, and duration of precipitation that falls on the subject watershed during a rain
event is the principal factor driving stormwater runoff. In order to understand the dynamics of this input
to watershed hydrology, high quality precipitation data are needed at a time interval and spatial resolution
that is compatible with the scale of runoff processes. In urban areas, a higher density of rain gages is
typically needed as larger amounts of connected impervious surface causes a more rapid and intense (i.e.
“flashy”) response to precipitation events, and because the scale of analyses performed in urban areas can
be as small as a single development site (acres to tens of acres). Currently, there are several sources of
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precipitation data available for the City, although the quality of these precipitation data sources is not
clearly communicated, and as a result the use of these data for hydrologic analyses is limited.
In order to fill this data gap, it is recommended that the City work to improve the density and accessibility
of their rain gage network, by adding new precipitation monitoring stations across the City domain at a
spatial resolution of one gage every 5 -7 mi2, recording at a time interval of five minutes or less. It is
recommended that these gages record, transmit, and store data according to a well-defined database
protocol, so that access and analysis can be automated in the future; and that the City consider the
possibility of using a select number of these stations as flood alert and warning gages, though this will
likely incur additional cost. The construction and operation of these new gages should be done in
cooperation with an organization that has a highly-developed quality control mechanisms (e.g. the USGS,
NOAA), as these data are likely to be used for critical hydrologic analysis.

6.2 LONG-TERM WATERSHED STREAMFLOW AND SEDIMENT MONITORING
Pursuant to regulatory requirements, the City will be required to spend between $100 – 200 million on
stormwater quality improvements over the next 20 years, in order to reduce the loading of sediment and
bacteria to their streams [5], [8]. The means of doing so is primarily through the implementation of
structural stormwater best management practices (BMPs), such as rain gardens and vegetated channels
(Section 4). BMPs have been shown to reduce pollutant loading from individual development sites,
however, their performance is highly contingent on environmental variability, and the applicability of
performance data is limited by the short time durations of research studies [43]. Furthermore, no
quantitative research has conclusively demonstrated the ability of watershed-wide BMP implementation
to restore impaired urban streams to a condition that meets water quality standards, although this is the
focus of several ongoing studies85. The generally limited evidence of watershed-scale BMP pollutant
removal performance is further exacerbated in the City by inadequate hydrology, water quality, and
ecology data characterizing stream and watershed function. In addition, the development of the models
used to prescribe expenditures on BMPs are based on highly limited monitoring data, which prevents the
accurate estimation of the City’s contribution to sediment-driven pollution in the Roanoke River and its
tributaries as a proportion of the total watershed loading from non-City areas.
Consequently, it is recommended that the City work towards a highly qualified, high-resolution flow and
sediment monitoring network that will provide the information necessary to better understand the function
of their streams and watersheds, inform future BMP implementation, and provide information that can be
used as a benchmark for regulatory engagement. To do this, it is recommended that flow and sediment
monitoring stations be installed in the following pairs:
1. One station on Tinker Creek immediately below the Carvin Creek confluence below Hollins Rd.
NE, and one station Tinker Creek above the confluence with the Roanoke River
2. One station on Tinker Creek above the Glade Creek confluence, and one station on Glade Creek
above the Tinker Creek confluence.
It is recommended that these stations be constructed in a fashion similar to the USGS station on Lick Run
above Patton Ave, and that they provide the same water quality parameters at a similar time scale. The

85

Two examples of these studies include the Baltimore Ecosystem Study, and the Fairfax County Water Resources
Monitoring Network.
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rationale for these stations is as follows: The first combination would provide estimates of the
concentration and load of sediment entering and leaving the City’s jurisdictional area. These data could be
used to further target BMP implementation in the Tinker Creek watershed (including both areas within
and without the City), as a basis for engagement with regulators. The second combination of gages would
provide estimates of sediment load and concentration from Tinker and Glade Creek independent of each
other, which would also aid in further targeting of BMP implementation. This recommendation is based
on the visual observation that Glade Creek appears more turbid than Tinker Creek at the confluence, and
based on the severe incision occurring on Glade Creek upstream of Gus Nicks Blvd. through Vinyard
Park, and would likely help identify the proportional contribution of the two watersheds to sediment
loading. These data would also be useful for comparison to the data collected at the Lick Run gaging
station. It is anticipated that over a five to ten year duration, the implementation of either or both of these
combinations of monitoring stations would provide more robust and spatially resolute information
regarding watershed function and treatment, leading to improved management decisions.

6.3 BIOLOGICAL MONITORING
As diversity of stream benthic macroinvertebrates is a strong indicator of the riparian ecosystem function,
it is recommended that the City continue to perform biological monitoring at existing sites in Lick Run
and Tinker, Glade, and Carvin Creek with the expansion of sites as necessary. The City should develop a
geographic database for sample results that can be shared with the general public through the ArcGIS
Online interface, so that watershed stakeholders can be informed of sample results. Currently, there are
fourteen locations that were sampled in Lick Run and Tinker, Glade, and Carvin Creek – once in the
spring and once in the fall – and it is recommended that sampling continue to occur at these sites for the
duration of the biological monitoring program. In order to begin to draw conclusions about the existing
conditions of riparian health using the results of bio-monitoring, multiple years of data need to be
collected, and in order to observe trends, it is likely that the program will need to be in place for decades.
Future sampling in the subject watersheds and other watersheds should also consider biological samples
taken by other organizations (e.g. Citizen Monitoring and the Virginia DEQ), in the planning of site
locations, and incorporate the results of these data into a single City-owned biology database. It is also
recommended that the results of biological sampling be shared with the general public through a Web
Map Application. This will allow watershed citizens and stakeholders to view the results at each site by
comparison to state water quality standards over time, and a protocol for sharing results with interested
stakeholders should be created. This public access site should also include photographs of each site, and
results from other water quality measurements.

6.4 SHORT-TERM CATCHMENT SCALE MONITORING
As watershed scale and biological monitoring will likely require years or even decades to demonstrate
trends in hydrology or water quality, it is recommended that smaller scale targeted studies be performed
to identify specific locations that require stormwater control, and to measure the success of stormwater
best management practice implementation over time. To do this, it is recommended that monitoring
equipment capable of monitoring flow and sediment be installed at several locations of interest in the
subject watersheds. In general, these locations are the outlet points of high priority sub-watersheds or
“catchments” described in Section 3.4.1, and specifically the locations include:
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1. Long-term inflow and outflow monitoring of the detention pond on Daleton Blvd. that collects
runoff from the Statesman Industrial Park, to estimate the flood control and water quality
mitigation capacity of the pond in its existing configuration, and post-retrofit.
2. Monitoring stormwater flow and sediment in the trunk line along Orange Ave. that collects runoff
from approximately 28% of the overall subject watershed drainage area, and discharges to Tinker
Creek via three 7 ft. x 7 ft. box culverts. This monitoring project would help the City target
smaller areas of the watershed that have disproportionately large contributions of runoff volume
and sediment loading to Tinker Creek.
These potential monitoring projects would each provide an additional level of information towards the
effective management of stormwater in the subject watersheds, however additional investigation is
needed to evaluate the priority of these projects based on City needs, and potential technical barriers
associated with each project.

6.5 POLYCHLORINATED BIPHENYLS
It is recommended that the City employ a monitoring program designed to confirm or deny the presence
of PCBs in soils at potential source sites (See Section 3.2.3), followed by erosion and sediment controls
as needed (see Section 4.2). This section contains general recommendations for PCB monitoring in the
subject watersheds; a more detailed monitoring program is provided in Section 4.5 of the Phase III Final
Report.
It is recommended that a program of sediment monitoring be implemented, starting with on-site sampling
at the identified hotspots in Section 3.2.3, followed by sampling of stream substrate at the downstream
outfall from these locations, with sampling efforts targeted to in-stream pools. This type of sampling
would require that sediment cores be taken at several locations on potential PCB source sites, and that
concentrations of PCBs be characterized using qualified EPA Methods. Once source sites have been
confirmed, it is recommended that the City work with the private land owner to improve containment
measures (e.g. erosion and sediment control) as needed to prevent resuspension and transport of
contaminated sediment. Once these measures have been put in place, it is recommended that follow-up
monitoring be performed at the outfall to confirm that contaminated sediment has been contained on-site.
At this time, characterization of PCB concentrations in fish tissue is considered a lower priority, as this
type of sampling will provide less information about targeting PCB sources. Eventually, it is likely that
the City will need to characterize fish tissue concentrations in less motile, higher order fish taxa near
outfalls from the contaminated sites, although this type of monitoring should be performed postmitigation to evaluate the success of these programs. Monitoring of PCB concentrations in the water
column should be considered the lowest priority, as concentrations are likely to be very low, and this type
of sampling will provide the least information towards targeted mitigation efforts.
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SUMMARY OF WATERSHED MASTER PLAN

The purpose of this section is to conclude the watershed master plan (WMP) by summarizing how the
provided recommendations can help the City proceed towards the WMP goals and objectives, and
regulatory obligations, given the current stream and watershed conditions, and the extent of the current
body of knowledge for watershed master planning. The section will first review the methods used to
arrive at the recommendations, and will then summarize how these recommendations work to complete
the various stated objectives and regulatory obligations. Finally, a discussion of the expected ecological
response after implementation is discussed.
As the development of this WMP was based on a scientific approach to planning, the first step was to
identify and collect the data that would be critical for watershed analyses. The successful completion of
the stated objectives is contingent on the healthy function of the human-soil-water-built environment
interface, so it was clear that more information was needed at a finer resolution to characterize these
particular systems. Data were collected that helped describe the watershed by a number of factors,
including history, demographics, precipitation, land cover, land use, impervious surfaces, tree canopy,
soils, floodplain, and slopes. Concurrently, a mobile data collection workflow was used to allow field
workers to map the streams and contributing drainage network, in order that the connection of the land
surface to the riparian environment be thoroughly understood. The ecological health and diversity of the
stream was then assessed by sampling stream-bottom aquatic insects at eight sites along the perennial
streams, and characterizing these sites using the Virginia Stream Condition Index (VSCI). These samples
extend the City’s biological monitoring program started with the six sites in Lick Run in 2015.
This large amount of data was organized in GIS, and spatial overlays were performed to develop
relationships in the data; several important pieces of knowledge were extracted from this analyses. First,
the perennial stream and contributing drainage network was categorized by the type of conveyance
through which it flows. This was important because it confirmed the lack of ecological and hydrologic
function at the upstream-most reaches due to wide-scale stream burial. Second, the distribution of land
cover, land use, soils, slope, tree cover, and impervious surfaces across the landscape was identified,
along with the connectivity of this landscape to the perennial stream via the storm drain network. This,
along with an analysis of the floodplain, identified areas with high flood reduction and sediment removal
value, and conversely, locations that have a disproportionate contribution to stormwater runoff in the
watershed. Third, potential for illegal discharge of pollutants into the drainage system was mapped, and
the locations where these pollutants are likely to appear in the main stem were identified, providing
insight into how future re-suspension and transport of pollutants might be most effectively prevented, and
where inspection and educational resources might be best utilized.
The results of analyses were organized on the basis of sub-watersheds, or “catchments” in order to begin
the process of recommending restoration strategies, but first a review of the available strategies for
watershed restoration was performed. This review included two general types of strategies: non-structural
programs, policies, and activities that can be implemented across a watershed, and structural best
management practices that are built at a specific site. As the body of knowledge for the effective
treatment of urban stormwater is still subject to a large amount of uncertainty, this review presents these
strategies together with their associated uncertainties. As a result, the recommendations make use of the
most up-to-date information, while acknowledging its limitations, and considering the unique issues and
constraints of the subject watershed.
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The recommendations can be condensed into three general categories: (1) protect riparian land and
improve its function, but only with the installation of upstream infiltration and extended detention
practices; (2) affect cultural and behavioral changes in the watershed through education, engagement, and
policy; (3) take careful watershed measurements over long periods of time. Tinker Creek’s natural capital
is centered on the undeveloped park land around the perennial stream, and the City should prioritize the
protection of these areas, although long-term benefits are unlikely to result unless upstream improvements
are made concurrently – the solution must be at the same scale as the problem. The City should
disconnect impervious surfaces from the storm drain system throughout the watershed, using infiltration
where soils allow, or extended storage and release where they do not. This will require practices in City
right-of-way, parks, and other publicly owned parcels; and economic incentives for disconnecting
privately owned impervious surfaces (i.e. crediting through the stormwater utility fee).
In addition to these economic incentives, the City should leverage the potential for watershed education
and engagement programs. A large portion of this WMP is dedicated to identifying locations where there
is likely to be a behavior that is damaging to the watershed, and programs that seek to understand and
educate against these behaviors are critical for prevention. However, a cognitive understanding of how
pollution affects a watershed may be insufficient, and programs that instill a sense of place in the
watershed are also enumerated. In cases where education and engagement will not suffice,
recommendations for policy are given.
As the recommendations in this WMP are considered, and some eventually implemented, it is imperative
that water quality and quantity be measured in the subject watershed at a time- and space-scale
appropriate for identifying trends in the watershed. The lack of water monitoring data prevented more
extensive hydrologic analysis in these watersheds and is the same problem that hinders the advancement
of the science of urban stormwater runoff at a larger scale. Although it is acknowledged that water
monitoring is expensive to do well, the alternative is to implement costly stormwater pollution controls in
response to regulatory requirements (approximately $16 million in Glade, Tinker, and Carvin Creek),
without post-implementation monitoring that would incrementally inform better stormwater management.
The final recommendation – to begin and perpetuate long-term monitoring – also serves to conclude the
WMP, as attention is directed to the eventual outcomes of watershed implementation. At this time, the
reduction in sediment and bacteria loads, increased flood storage capacity, and the cultural and economic
benefits of this WMP can only be generally estimated based on the current state of scientific knowledge.
However, by careful measurements of the watershed over long periods of time, the City can endeavor on
a data-driven course of watershed management that will eventually provide more accurate estimation of
benefits, and subsequent improvement of return-on-investment. At a larger scale, the collection of water
monitoring data will also contribute to the wider knowledge base for the effective restoration of cultural
and ecological dignity in urbanized watersheds by local governments – a vastly important contribution,
needed for the long-term sustainability of cities and streams.
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INDEX OF TERMS
303(d)
The Virginia impaired waters list, 25, 26
AOP
Aquatic Organism Passage Culvert
BANCS
Bank Assessment for Non-point Source
Consequences of Sediment
benthic macroinvertebrates
biota that live in or on the stream bottom, 23,
72
BMP
Stormwater Best Management Practice,
25, 124
BOD
Biological Oxygen Demand
CDA
contributing drainage area, 133
CN
Curve Number, or metric of land surface
runoff potential, 47, 115, 116, 117
CRS
FEMA's Community Rating System, 25, 26,
CWA
Clean Water Act, 23
CWP
Center for Watershed Protection
DEM
Digital Elevation Model, 64
DEQ
Virginia Department of Environmental
Quality, 21, 72
ED
Extended Detention
EP
Erosion Potential, 64
EPA
Environmental Protection Agency, 21, 27
FOGs
Fats, Oils, and Greases, 62
FTE
Full-time Equivalent Employee
GIS
Geographic Information System, 36, 40, 115,
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HSG
Hydrologic Soil Group, or metric of drainage
capacity of soil types, viii, 46, 49
ID
Illicit Discharge
IDDE
Illicit Discharge Detection and Elimination,
148, 150
IDP
Illicit Discharge Potential, see also ID, 55
IP
Implementation Plan, also referred to as
TMDL IP, 52
ISI
Institute for Sustainable Infrastructure, 25
LEED
Leadership in Energy & Environmental
Design
LID
Low Impact Development
LiDAR
Light Detection and Ranging, high-resolution
digital elevation data, 50
LSR
Legacy Sediment Removal
MCM
Minimum Control Measure
MFR
multi-family residential land use type, 30, 31
MS4
Municipal Separate Storm Sewer System, 21
MTD
Manufactured Treatment Device
NCD
Natural Channel Design
NHD
National Hydrography Dataset, 83
NOAA
National Oceanic and Atmospheric
Administration, 32, 34
NPDES
National Pollutant Discharge Elimination
System
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NRCS
Natural Resource Conservation Service, 46,
47, 64, 65, 115
PCBs
Poly-Chlorinated Biphenyls, 25, 26
PR
Pollutant Reduction, 128
RCC
River and Creek Corridor Overlay
RCIT
Roanoke Centre for Industry and Technology,
31, 119
riparian
pertaining to the stream and adjacent habitat
RR
Runoff Reduction, 128
RRAC
Roanoke Regional Airport Commission, 38,
RSC
Regenerative Stormwater Conveyance
132
RVARC
Roanoke Valley-Alleghany Regional
Commission, 35
SCM
Stormwater Control Measures, see also
BMPs, 125, 127
SFR
single family residential land use type, 30, 31,
32
SSURGO
Soil Survey Geographic Database, viii, 46, 47,
49, 199, 213
SWU
Stormwater Utility Fee
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TIA
Total Impervious Area, 35, 36, 39
TMDL
Total Maximum Daily Load, 21

TR
Total Reduction, 115
TSS
Total Suspended Solids
UAL
Unit Area Load
USGS
United States Geological Survey
UTC
Urban Tree Canopy, 35, 39
VADEQ
Virginia Department of Environmental
Quality, also referred to as VDEQ, see also
DEQ, 23
VDOT
Virginia Department of Transportation
VSCI
Virginia Stream Condition Index, 26, 72, 74,
141, 193
VWCC
Virginia Western Community College
WLA
Waste Load Allocation, see TMDL
WMP
Watershed Master Plan, 23
WQS
Water Quality Standards, 75, 78
WTP
Willingness-to-pay Survey
WVWA
Western Virginia Water Authority, 60
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