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1.

STORMWATER MANAGEMENT PROGRAM OVERVIEW

MISSION STATEMENT

The mission of the Stormwater Management Program is to restore, protect, and preserve the surface
waters within the City of Winston-Salem and to maintain, repair, map, and evaluate drainage systems
within the street right-of-ways.

PROGRAM DESCRIPTIONS

Stormwater Monitoring and Administration

>

>

Manages the day-to-day operations of the Stormwater Management Program
Implements the requirements of the City’s Municipal Separate Storm Sewer System (MS4) permit

Performs watershed master planning by developing maps and inventories of the entire drainage
system within the City

Monitors stormwater run-off as part of the program’s efforts to improve water quality

Provides educational programming to increase public awareness of water quality issues

Drainage Maintenance

>

>

Repairs, replaces, and upgrades the City’s drainage system within street right-of-ways

Provides for drainage system repairs on private property through the 70/30 program in which the
City covers 70 percent of the cost for qualified projects

Removes debris from culverts and bridge abutments with many streams and creeks

Erosion Control

>

Provides for the enforcement of regulations pertaining to land-disturbing activity, watershed and
floodplain requirements by reviewing development plans and issuing grading permits for all
commercial and multi-family sites over 10,000 square feet in all areas of Forsyth County, excluding
Kernersville

Monitors single family construction sites to ensure that sediment is controlled

Identifies tree save and potential critical areas, controls sedimentation, and limits the time of
exposure on all applicable construction sites through plan review and field inspection

Maintains up-to-date floodway district maps to enforce floodway and floodway fringe regulations
contained in the Unified Development Ordinance

Reviews survey and plan information and conducts field inspections to ensure that permitted
structures comply with floodplain regulations

Enforces watershed regulations for density and impervious coverage on developed properties






STORMWATER MANAGEMENT PROGRAM

BUDGETARY INFORMATION FOR FY 2014 - 2015

Actual Budget Proposed Percent
EXPENDITURES BY PROGRAM FY 12-13 FY 13-14 FY 14-15 Change
Monitoring and Administration
Administration $2,337,012  $2,311,210 $3,106,500 34.4%
Water Quality Monitoring 748,016 1,010,920 1,313,480 29.9%
Support for Seasonal Leaf Collection 1,304,096 1,681,150 1,733,330 3.1%
Subtotal $4,389,124  $5,003,280 $6,153,310 23.0%
Drainage Maintenance $1,622,265 $2,524,740  $2,606,070 3.2%
Erosion Control $302,888 $328,880 $339,690 3.3%
Total Expenditures by Program $6,314,277  $7,856,900 $9,099,070 15.8%

PERFORMANCE MEASURES AND SERVICE TRENDS

Estimated
FY 13-14

Actual

FY 12-13

Effectiveness
Achieve 91% collection rate of revenues for non-residential customers 92% 90% 90%
Achieve 92% collection rate of revenues for residential customers 88% 92% 90%
Respond to 100% of illicit discharge complaints by citizens within 24 hours | 100% 100% 100%
Corr_1p|_ete 100% of compliance schedules for water quality resolutions 100% 100% 100%
within 30 days
Complete 100% of plan reviews within 10 days of receipt 100% 100% 100%
Provide 30 federally required educational programs a year 74 54 50
Er;i;i 100% of stormwater devices are built in accordance with approved 100% 100% 100%
Complete 90% of e_rosion control initial reviews within 10 days for 100% 100% 100%
development projects
Keep 80% of active development sites in compliance (when inspected) 84% 82% 84%
Workload
Number of pollution prevention inspections completed 45 25 30
Number of water quality samples taken 1,063 1,040 1,016
Number of catch basins cleaned 5,972 3,700 4,000
Linear feet of pipe installed 2,475 2,400 2,500
Number of new and redevelopment project plans reviewed yearly 43 50 57
Grading permits issued 69 60 65
Erosion control inspections conducted 4,349 5,300 5,400
Flood zone determinations conducted 59 50 55
Erosion investigations or inspections conducted on unpermitted sites 99 150 130
Notices of violation issued for Erosion Control 60 48 55






Actual
EXPENDITURES BY TYPE FY 12-13
Personnel $1,970,626
Supplies and Services 2,619,520
Subtotal $4,590,146
Capital Outlay $0
Debt and Lease Expense 318,047
Transfer to General Fund (Leaf Collection) 1,304,096
Transfer to General Fund (Vector Control) 3,994
Transfer to Solid Waste Disposal Fund 97,994
Subtotal $1,724,130
Total Expenditures by Type $6,314,277

Actual

RESOURCES BY TYPE FY 12-13
Stormwater Fees:
Residential $4,097,076
Non-Residential 6,096,691
Replacement Fee 25,912
Miscellaneous Revenues 3,972
Interest Income -43,791
Interfund Charges 2,640
Forsyth County 39,562
Erosion Control Revenues 115,139
Total Resources by Type $10,337,202
Addition to Fund Balance $4,022,925
Positions
Full-Time 49

BUDGET HIGHLIGHTS

Budget Proposed Percent
FY 13-14 FY 14-15 Change
$2,399,150  $2,424,090 1.0%
3,351,950 3,602,070  7.5%
$5,751,100 $6,026,160 4.8%
$11,410 $0 -100.0%
292,680 1,218,340  316.3%
1,681,150 1,733,330  3.1%
16,000 16,000 0%
104,560 105,240 0.7%
$2,105,800 $3,072,910 45.9%
$7,856,900 $9,099,070 15.8%
Budget Proposed Percent
FY 13-14 FY 14-15 Change
$4,105,000 $4,105,000 0%
6,195,000 6,195,000 0%
0 35,000 N/A
0 0 N/A
0 0 N/A
2,500 2,500 0%
87,760 88,700 1.1%
106,900 124,600 16.6%
$10,497,160 $10,550,800 0.5%
$2,640,260 $1,451,730  -45.0%
Change
49 49 0

- The percentage share of expenses to be covered by Forsyth County in FY 2014-2015 for Erosion
Control is increased from 38.1% to 43.0%. This is due to an increase of erosion control activity

in the County.

- Supplies and services are increased by $250,120 (7.5%). This is primarily due to an increase of
$300,000 for stormwater control measure maintenance projects that will provide stormwater
quality enhancements and stormwater quantity storage for commercial, private, institutional, and
public properties. Reductions in revenue collections (-$21,740) and indirect cost allocation (-

$42,940) help offset some of this increase.






- The proposed budget includes a net increase in debt and lease expenses of $925,660. The
majority of this increase is for payments totaling $856,250 for revenue bonds issued in the spring
of 2013. Also included are additional principal and interest payments for the replacement of a
drainage vacuum truck ($76,500) and a crew truck ($7,650).

- Transfers to the general fund cover the cost of the City’s seasonal leaf collection program
($1,733,330) and the City’s vector control program ($16,000). The transfer to the solid waste
disposal fund ($105,240) offsets the cost of management and disposal of household hazardous
wastes including paints, pesticides, used oil, solvents, and other materials at risk for disposal in
the stormwater system.

Long Range Financial Outlook

- The following chart provides a projection of the Stormwater Management fund balance. This
outlook includes capital project expenditures, assuming all future projects are pay-as-you-go.

$25.00

$2000 A _

$0.00

FY 11-12 FY 12-13 FY 13-14 FY 14-15 FY 15-16 FY 16-17
Actual Actual  Estimated Projected Projected Projected

FY 13-14 Year-End Outlook

- The following table provides estimated year-end revenues and expenditures for stormwater
management operations. Capital project revenues and expenditures are not included.

Budget Estimated
Operating Revenues $10,497,160 $10,160,000
Operating Expenditures 5,751,100 5,067,760
Operating Income $4,746,060 $5,092,240
Interest Income 0 813,630
Capital Outlay (11,410) (11,410)
Debt and Lease Expense (292,680) (1,150,270)
Transfer to General Fund (1,697,150) (1,523,040)
Transfer to Solid Waste (104,560) (104,560)
Net Income $2,640,260 $3,116,590






2.

STORM SEWER SYSTEM INFORMATION

2.1 Population Served:
Winston-Salem is located in the northwestern area of the Piedmont Region of North
Carolina. Situated in Forsyth County, Winston-Salem is the fourth largest City in North
Carolina and has an estimated population of 236,441 citizens.

2.2 Growth Rate:
The City of Winston-Salem increased its population size by 3.0 percent from April 1,
2010 to July 1, 2013, while the State of North Carolina grew at the rate of 3.3 percent
during the same period. During the period of April 1, 2010 to July 1, 2012, Winston-
Salem grew at the rate of 2.0 percent.

2.3 Jurisdictional and MS4 Service Areas:
The City of Winston-Salem does not have any ETJ areas at this time. The square mile
area for the City is 132.4.

2.3a Latitude of Center of MS4 Area: 36 degrees. 06’ 46”
Longitude of Center of MS4 Area: 80 degrees. 14’ 37”

2.3b  Storm Sewer Service Area (square miles): 132.4

2.4 Municipal Separate Storm Sewer System (MS4):
The City of Winston-Salem is authorized to discharge stormwater from its municipal
separate storm sewer system (MS4) into the waters of the State of North Carolina. A
National Pollutant Discharge Elimination System (NPDES) permit is the legal
mechanism that allows the City of Winston-Salem to discharge stormwater runoff into
streams. Appendix A is an electronic copy of the City’s NPDES permit, which has the
designation of NCS000247. All eight minimum measures, which govern the City of
Winston-Salem’s Stormwater Program, are contained within this permit.

The City of Winston-Salem is delineated into 17 different sub-watersheds that drain the
City and its surrounding area. The streams within these sub-watersheds flow in a
southwesterly direction into Lower Muddy Creek. Stormwater masterplans have been
developed for the original fifteen watersheds within the municipal limits; currently, HDR
Engineering is conducting stormwater inventory update assessments for the Upper and
Lower Muddy Creek Watersheds. The objectives of masterplan efforts include:
providing a comprehensive update of the existing storm sewer inventory (contained
within public, private, and industrial properties), identify existing and future areas of
flooding based on existing and future development patterns, and assess the impacts of
stormwater discharges on the quality of Winston-Salem’s streams. Information obtained
from those plans show that Winston-Salem has approximately 538 miles of stormwater
conveyance piping and 39,818 infrastructure devices, which includes catch basins and
manholes.

2.4a MS4 maintenance activities:
Cave-in reports are responded to within 24 hours of knowledge of occurrence and simple
repairs are completed within 72 hours. Maintenance activities include the following:
catch basin inspection and cleaning — two, three-man crews inspect and clean catch
basins on a daily basis; pipe repair — three drainage repair crews work on pipe repair,






replacement and upgrade projects as needed; ditching - performed as needed by
contractors or in house crews; street sweeping — performed by contractor daily.

2.5 Land Use Composition Estimates:
The land use estimates below are from the City of Winston-Salem Planning Department:

Land Use Group

Residential 72.44 %
Commercial 7.77 %
Industrial 9.39 %
Parks 3.90 %
Institutional 4.88 %
Mixed Use 1.04 %
Historic 0.11 %
Agricultural 0.45%
TOTAL 100.0%

2.6 Estimate Methodology:
Classifications are based on zoning districts with the corresponding acreage versus the
total acreage of the City of Winston-Salem. For this assessment, schools have been
calculated as institutional purposes and parks are listed separately (typically included in
the residential classification). Agricultural areas are zoned as agriculture although the
denotation is also used for large residential lots. Mixed Use is composed of residential
and commercial used land.

2.7 TMDL ldentification:
The N.C. Division of Water Quality (NCDWQ) has detected standard violations of
turbidity and chlorophyll a at High Rock Lake, which is 25 miles south of Winston-
Salem. A TMDL is currently being developed for High Rock Lake, which indirectly
receives stormwater discharges from the City’s MS4. The main contributing river to
High Rock Lake is the Yadkin River, in which Muddy Creek discharges into near the
Forsyth-Davidson County border. Muddy Creek flows partially within City limits; an
approved TMDL requires a 58 percent reduction in total suspended solids loading from
the City of Winston-Salem’s MS4.

NCDWQ has designated the Salem Creek Watershed as biologically-impaired due to
excessive fecal coliform pollution. The City of Winston-Salem’s stormwater permit
requires a 93 percent reduction of fecal coliform loadings from the MS4. As a result, the
Stormwater Division continues to perform dry and wet weather water sampling to
determine pollutant origin sources of fecal coliforms into Salem Creek. The City of
Winston-Salem created and implemented a revised TMDL Implementation Plan, which
encompasses 24 sampling sites and various BMPs in order to isolate and remove
pollutant sources. Trend graphing of historical data has shown a slight, overall decrease
in fecal coliform concentrations within the Salem Creek Watershed; however, statistical
analysis has not proven a significant correlation between BMP implementation and
pollutant reduction.






3. RECEIVING STREAMS
Major River Basin: Yadkin Pee-Dee
Name and Identification Number of the Primary Receiving Streams and Impoundments:
The following inventory receives stormwater runoff from the MS4 jurisdictional area. All

streams and impoundments are located within the Yadkin-Pee Dee River Basin.

Use Classifications:
WS-I11: Water Supply Watershed

C: Aquatic Life Propagation and Biological Integrity and Secondary Recreation
Purposes
I: Impaired
S Supporting
Table 3.1 Yadkin-Pee Dee River Basin

Receiving Stream Stream Water Quality | Use Support Water Quality
Name Segment Classification Rating Issues

Clinard Lake 12-94-7-7 C S
Crystal Lake 12-94-7-6 C S
Dalton Pond 12-94-7-1-1 C S
Five Mile Branch 12-94-7-1 C S
Grassy Creek 12-94-7-3 C S
Jones Pond 12-94-7-1-2 C S
Leak Fork 12-94-7-4 C S
Little Creek 12-94-11 C S
Mill Creek 12-94-7 C S
Monarcas Creek 12-94-7-5 C S

Muddy Creek 12-94-(0.5) C I TMDL approved for TSS

reduction.

Ogburn Branch 12-94-7-2 C S
Pineview Lake 12-94-7-1-3 C S






Brushy Fork 12-94-12-6 C
Brushy Fork 12-94-12-6- C
Branch 1-1
Burke Creek 12-94-12-9 C
Fiddlers Creek 12-94-13-3 C
Fishers Branch 12-94-12-2- WS-I111;C
2-(2)
Frazier Creek 12-94-12-6- C
1
Hines Lake 12-94-13-2- C
1
Kerners Mill Creek | 12-94-12-2- WS-III
(0.3)
Kerners Mill Creek | 12-94-12-2- WS-II;C
(1.5)
Leak Creek 12-94-13-7 C
Lowery Mill Creek | 12-94-12-3- WS-I11;C
2
Mallard Lake 12-91-1 WS-V
Myers Pond 12-94-12-5 C
Perryman Branch 12-94-13-5 C
Peters Creek 12-94-12-8 C
Salem Creek 12-94-12-(1) WS-III;C
Salem Creek 12-94-12-(4) C TMDL approved for fecal
coliform reduction.
Sawmill Branch 12-94-13-2 C
Sides Branch 12-94-13-6 C
Soakas Creek 12-94-13-4 C
South Fork Muddy 12-94-13 C
Creek
Tar Branch 12-94-12-7 C






4.

EXISTING WATER QUALITY PROGRAMS

Local Programs

Water Supply Watershed Protection — The Salem Lake Watershed Protection Article is in place to
provide regulations which protect drinking water quality in the Salem Lake Watershed. These
regulations meet or exceed the minimum regulations established by the North Carolina
Environmental Management Commission under the provisions of the Water Supply Watershed
Protection Act of 1989.

Floodway and Floodway Fringe Regulations — Winston-Salem has adopted floodway and
floodway fringe regulations in order to control alteration of natural drainage patterns, control
development and to ensure stream velocities are not significantly increased.

Erosion and Sediment Control — The City has established a program as authorized by the North
Carolina Sedimentation Pollution Control Act of 1973. The Erosion Control Ordinance regulates
certain land disturbing activities to control accelerated erosion and sedimentation in order to prevent
the pollution of water and other damage to lakes and watercourses.

NPDES MS4 Phase Il Permit — The City was issued a new stormwater permit that became
effective April 2013. Program components include public education and outreach, public
involvement and participation, illicit discharge detection and elimination, construction site runoff
controls, post-construction site runoff controls, and pollution prevention and good housekeeping for
municipal operations.

Code Enforcement Section of the Neighborhood Services Division — Enforcement of the
sanitation code relating to weeded lots, shrubbery, solid waste in yards and curbside trash. It also
includes rodent control in the storm drainage system, sanitary sewers (manholes), and along creek
beds.

Other programs that support water quality within the City of Winston-Salem:

1. Emergency Spill Response by Winston-Salem/Forsyth County Emergency
Management Division
3RC, a Household Hazardous Material Disposal Facility
Forsyth County Department of Health for failing septic tank systems
Adopt-a-Street by Keep WS Beautiful
Big Sweep of Streams by Stormwater Division and Keep WS Beautiful
Recycle Today, the City of Winston Salem’s household recycling program
Sanitary Sewer System Maintenance by City/County Utilities
Vegetative material composting by the City’s Sanitation Division

NGO~ WN

State Programs

e Basinwide Planning Program - created the Yadkin-Pee Dee River Basinwide Water Quality
Plan, which includes the City of Winston-Salem.

e High Rock Lake TMDL Development — several staff members of the Stormwater Division
serve on the technical assistance committee (TAC) as advisory members.
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e Stormwater NPDES Permit Compliance — The City of Winston-Salem Stormwater staff

collaborates with North Carolina Department of Mineral and Land Resources (NCDMLR),

Winston-Salem Regional Office regarding industrial NPDES permit requirements, water
quality enforcement issues, and ensuring NPDES permit compliance for municipal

operations.

5. PERMITTING INFORMATION

5.1

Responsible Party Contact List

Contact Information

Plan Component

Delegated Responsibilities

Gregory M. Turner
ACM/Public Works
336-727-2545
336-748-3060 (fax)
gregt@Cityofws.org

Overall
Administration

Delegated Signing Official for NPDES correspondence.

Keith D. Huff
Stormwater Director
336-747-6962
336-747-6917 (fax)
keithh1@Cityofws.org

Administration of
Phase | Program
Components

* Municipal facility inspection

* Annual status report

* Implement stream enhancement & stabilization projects
* Overall implementation of Phase | program
components

Charles Norton
Assistant Stormwater
Director
336-724-2422
336-747-6917 (fax)
charlesn@Cityofws.org

Construction Site

Runoff Controls

MS4 Drainage &
Infrastructure

* Responds to citizens’ drainage complaints and
facilitates 70/30 cost share projects on private property
* Oversees Erosion Control Section

Roseann L’Esperance
Community Educator
336-747-6960
336-747-6917 (fax)
roseannl@Cityofws.org

Public Education &
Outreach

Public Involvement
& Participation

* Participate with PTWQP to develop TV & radio spots
* Website maintenance — keep current

* Distribute educational information

* Development of brochures, flyers

* Presentations — at least 20/year

* Participate in community events

* Adopt-a-stream

Joe Fogarty
Stormwater Engineer
336-747-6961
336-747-6917 (fax)
josephf@Cityofws.org

Post-Construction
Stormwater Site
Runoff Controls

* Plan Review

* Annual Stormwater BMP inspections

* Oversees the implementation of drainage improvement
projects

Andy Allen
Special Projects Coordinator
336-747-6968
336-747-6917 (fax)
andrewa@Cityofws.org

Preservation of
Surface Waters &
Capital Improvement
Projects

* MS4 TMDL Program Coordinator

* Responsible for the coordination of environmental
assessment projects

* FEMA grant applications for citizens

* NPDES Program Evaluation Analyst

* Project Manager for Stormwater CIPs

Lance Covington
Civil Engineer
336-734-1318

336-747-6917 (fax)
lancec@Cityofws.org

Capital Improvement
Projects for the MS4

* Responsible for the oversight of all right-of-way
drainage improvement projects within the City’s
boundaries

* Responds to citizens’ drainage complaints and
facilitates 70/30 cost share projects on private property
* Project Manager and Engineer for Stormwater CIPs

Jamal Clark
Industrial/Municipal
Compliance Officer

336-727-2729
336-747-6917 (fax)
ladontac@ Cityofws.org

Pollution Prevention
for Municipal
Goodhousekeeping
& Industrial Facilities
and Operations

* Pollution prevention inspections for municipal and
permitted industrial facilities

* Impervious surface area investigations

* GIS watershed assessments

* IDDE complaint investigations

* Water quality stream sampling
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John Spainhour
Environmental Control
Supervisor
336-747-6965
336-747-6917 (fax)
johns@Cityofws.org

Ilicit Discharge
Detection &
Elimination

Water Quality
Sampling

* Responds to illicit activity complaints
* Dry and wet weather water sampling
* IDDE field screening

Toneq’ McCullough
Transportation Director
336-734-1550
336-748-3370(fax)
toneqc@Cityofws.org

MS4 Maintenance

* Inspect/clean catch basins

* Repair storm pipes

* Sweep curb & gutter streets

* Implements drainage improvements within the City’s
right-of-way

Matthew Osborne
Erosion Control Engineer
336-747-7453
336-727-2792 (fax)
matthewo@Cityofws.org

Construction Site
Stormwater Runoff
Control

* Regulate certain land disturbing activities pursuant to
the North Carolina Sedimentation Pollution Control Act
of 1973.

* Floodplain Management and Ordinance Enforcement
* Assists in FEMA projects for creating grant
applications

Johnnie Taylor
Sanitation Director
336-747-6986
336-734-1224 (fax)
johnniet@Cityofws.org

Seasonal Leaf
Collection &
Household Recycling
Programs

* Removal of leaf matter and debris from curb and gutter
system
* Collection of household recycling program

5.2 ORGANIZATIONAL CHART

The Stormwater Division’s organizational chart is enclosed in Appendix B, which is located at the
end of this Stormwater Management Plan.

5.3 SIGNING OFFICIAL

5.4

The Winston-Salem City Council has authorized Mr. Gregory Turner, Assistant City

Manager/Public Works Director, as the signing official and appropriate person to sign the permit
application.

DULY AUTHORIZED REPRESENTATIVE

The permit application responsibility is not being delegated to another individual and/or position
than the signing official.

CO-PERMITTING INFORMATION

Not applicable to the City of Winston-Salem. The City of Winston-Salem will not be co-permitting
with any other Phase || community.

RELIANCE ON OTHER GOVERNMENT ENTITY

The City of Winston-Salem will not rely on another government entity for permit compliance.
However, the City of Winston-Salem will pursue the collective sharing of resources and
knowledge with other Phase Il communities, as the need arises.

12





Objectives:

8. PUBLIC EDUCATION and OUTREACH

1. Distribute educational materials to the community.

2. Conduct public outreach activities.

3. Raise public awareness on the causes and impacts of stormwater pollution.

4. Inform the public on steps they can take to reduce or prevent stormwater pollution.

The following BMP tables represent a combination of on-going activities, as well as some
innovative pilot projects designed to achieve NPDES compliance. The Stormwater Public Education
and Outreach program has been in existence for several years and is designed to inform citizens,
business owners, civic groups, and organizations about how they can make a difference to reduce
stormwater pollution.

BMP Summary Table
YR | YR |YR | YR | YR RESPONSIBLE
BMP Measurable Goals - |5 | 5| | =
R— 1 | 2| 3| 4| 5| POSITION/PARTY
Describe target e Total Suspended Solids
pollutants and o Fecal Coliforms X " " X " Community Educator
target pollutant e Nutrients y
sources e Oil & Grease
e Construction Site Operators
Describe tardet e Homeowner Associations
audiences g e Landscape Professionals X X X X X Community Educator
e Automotive Repair Shops
o Animal Hospitals/Shelters
Community Educator
Informational
Website e Quarterly Updates X X X X X Marketing and
Communication Section
- . e Homeowners
[E)ésut(r:::gﬁ Public e Commercial/lIndustrial
Materials to Businesses . X X X X X Community Educator
Identified User e Turf grass professionals
Groups e Classrooms
e Hispanic Community
Promote and To report illicit activity and
Maintain a obtain information on .
o X X X X X CityLink
Stormwater volunteer opportunities
Hotline
Implement a

Public Education
and Outreach
Program

Informational posters
Targeted direct mail
campaigns

Community Educator
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e Public meetings

e Public events (Earth Day
and other community
events as identified)

e Presentations to businesses,
classrooms, and
homeowner groups

o Distribution of promotional
give-a-ways

e Distribution of ‘new
homeowner’ information

o Information on local cable
access

e ‘Clean Streams’ Turf grass
Professionals training

Best Management Practices (BMPs) for Public Education and Outreach:

8.2 Describe Target Pollutants, Sources, and Audiences: The Stormwater Division uses three
resources in order to identify and target pollutants of concern within local waterways of Winston-
Salem: regulatory requirements, fixed interval stream sampling, and historical illicit discharge
detection and elimination reports. Regulatory requirements are derived from Total Maximum
Daily Loads (TMDL) that the City of Winston Salem must reduce waste load allocations to Muddy
and Salem Creeks (currently, the High Rock Lake TMDL is pending). For the Muddy Creek
TMDL, the pollutant of concern is turbidity (i.e. TSS). Most probable sources of turbidity (TSS)
loading include construction sites, in-stream channel erosion, and industrial sites. Fecal coliform
is the pollutant of concern from Salem Creek Watershed. Bacterial source tracking (BST)
confirmed that sanitary sewer overflows, pet waste, and wildlife populations contribute to fecal
coliform pollution. Once the High Rock Lake TMDL is approved, nutrients will be target
pollutants of concern. Fecal coliform and turbidity pollution degrades biotic integrity, thus
impairing the reproduction cycle of aquatic life within streams.

The Stormwater Division performs quarterly, fixed interval sampling to determine pollutant
exceedences (when compared to Water Quality Redbook Standards) within streams. Since
samples are collected during various weather conditions (e.g. dry, first flush, descending portion of
a hydrograph, etc.), an accurate assessment of target pollutants has been established. Since 2011,
the Stormwater Division has observed City-wide trending sample data that consistently shows
evaluated concentrations of numerous pollutants. These pollutants of concern consist of: turbidity
(i.e. TSS), fecal coliform, and nutrients (i.e. total nitrogen, total Kjeldahl nitrogen, total
phosphorus, and dissolved phosphorus). Probable sources of nutrient exportation include
excessive residential and commercial fertilizer applications, sanitary sewer overflows, atmospheric
deposition on impervious surfaces, industrial facilities, and commercial car-washing activities.
Nutrient loading depletes available dissolved oxygen concentrations for aquatic life due to
excessive algal blooms, thus impacting water resources.

Historical illicit discharge detection and elimination (IDDE) reports indicate that hydrocarbon oil
and grease is the most frequently released pollutant of concern within the City of Winston-Salem.
Latino automobile repair shops, wrecked automobile salvage facilities, nonpoint oil spills/leaks on
public streets, industrial entities, and commercial car-washing operations are sources of oil and
grease pollution. Oil and grease float on the stream surface and obstruct sunlight, which is needed
by aquatic fauna and flora. In addition, hydrocarbon oil and grease damage riverine habitat and
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8.3

8.4

sensitive spawning areas due soil adsorption. Since contaminated soil particles settle at the bottom
of spawning beds, fish cannot reproduce and eventually, vanish from the stream.

The Stormwater Division has identified numerous audiences for public outreach and education
activities due to their potential risk of releasing targeted pollutants. Homeowners use lawn care
products, dispose of household hazardous waste, and have pets and performance vehicular
maintenance on their cars. Programs/workshops, such as Carolina Yards & Neighborhoods,
address fertilizer and pesticide usage and pet waste. Other materials have been developed to
address household hazardous waste, automotive maintenance and volunteer opportunities. The
Latino population is a growing segment within the City of Winston-Salem. General storm water
pollution information has been developed for this demographic as well as translations of current
outreach materials in order to mitigate oil and grease releases. School-age children participate in
Creek Crawls, an in-stream learning-experience concerning water quality issues and the difference
between healthy and impaired streams. The overall goal from extensive school-age children
education is to influence adult behavior, thus eliminating pollution-enhancing practices. A
Stormwater Inspector performs industrial inspections and assessments on prioritized, permitted
facilities; these inspections concentrate on pollution prevention and good housekeeping measures,
which curtail exposure of pollutants to rainwater. Commercial landscapers have an opportunity for
pesticide credit after attending a Clean Streams Program and passing a test after the workshop
(based on the nine principles of the Carolina Yards and Neighborhoods Program). Stormwater
staff focuses on educational efforts with commercial carwash facilities and businesses that wash
vehicles and equipment; staff provides a non-residential carwash fact sheet in order to curb illicit
activities. Erosion Control staff performs face-to-face informal meetings to discuss and implement
corrective measures for containing sediment on-site. In the near future, the Stormwater Division
will work in collaborative efforts with the City/County Utilities Division in order to reduce
sanitary sewer overflows and leaks.

Informational Web Site: The Stormwater Division operates and maintains an informative
website in order to achieve a heightened awareness of stormwater-related issues and/or events.
Information is updated every three months or upon a significant event or issue. The Community
Educator promotes the website at presentations, media releases, or posting the web address on
distributed public educational materials. Topics for web postings range from pollutant ‘factoids’
to public involvement opportunities.

Distribute Public Education Materials to Identified User Groups: The City of Winston Salem
distributes public educational materials that directly relates to specific, targeted audiences. In
collaborated efforts with the Piedmont Triad Water Quality Partnership, the City creates
communicative information for ranked pollutants of concern, such as fecal coliforms, oil and
grease, sediment (i.e. total suspended solids), and nutrients. Educational materials (and
opportunities) include brochures (paper and electronic), presentations, TV advertisements,
workshops, community events, and targeted mailings. In order to ensure the maximum
educational effectiveness, the City correlates the informative technique to the targeted audience.
For example, best management practices brochures are written in Spanish for Latino automobile
repair shops.

8.5 Promote and Maintain a Hotline/Helpline: In 2005, City Council commissioned the creation

and implementation of a centralized telephone call center/web-based complaint hotline for the
citizens of the City of Winston-Salem. Known to the public as CityLink, this communication
center receives citizen-generated e-mails or telephone calls regarding stormwater-related items
illicit within the City. The public can access CityLink on the City of Winston-Salem’s
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homepage of http://www.cityofws.org/departments/city-link; it appears on the bottom portion of
the website. The Community Educator receives electronic notifications for presentation requests
from CityLink or directly from website requests. Illicit discharges are received through the
Stormwater Pollution Hotline (336-747-7480), which is operated by CityLink. The
Stormwater/Sediment and Erosion Control Division has publicized its contact information on the
City of Winston-Salem’s main webpage. Once on the City’s homepage, a citizen can locate staff
member’s name, e-mail address, and telephone number within four clicks of a computer mouse.

Public Education and Outreach Task Items for FY 2014 — 2015

The City of Winston-Salem will participate in collaborative efforts with the Piedmont Triad
Water Quality Partnership (a consortium of 18 local governments) for continued educational
awareness at local venues (e.g. Minor League baseball games).
Continue to air stormwater educational ‘commercials’ on Channel 13 (local access)
The City of Winston-Salem will coordinate and participate in the 2015 Forsyth Creek Week
The Stormwater Division will intensify resources regarding its Pet Waste Campaign. A social
media blitz will be performed through various Internet resources.
Continue to perform stormwater educational presentations within the Winston-Salem/Forsyth
County School system. Examples of these presentations include: Mudpuppy Pond, the use of an
Enviroscape, and/or games such as Drippial Pursuit or Macroinvertebrate Mayhem.
Ensure that all new, pertinent municipal employees will view the stormwater orientation video
and received a copy of the handbook, Stormwater Runoff: Municipal Good Housekeeping and
Pollution Prevention.
In addition to community programs for Forsyth Creek Week, the Stormwater Department will
participate in the following six volunteer events:
Big Sweep
Southeast Community Day
Operation Medicine Drop
The Great American Clean-up
Richmond Elementary School Earth Day Fair

f. Earth Day Fair
Distribute informational bookmarks through the Forsyth County Library system
Distributed informational brochures to the Latino community regarding through rental
management offices at targeted locations.
Perform community presentations regarding the City of Winston Salem’s fecal coliform and
turbidity TMDLSs.
Distribute informational handouts regarding pet waste throughout various locations.
Have citizens commit to Scoop-the-Poop by signing pledge cards.
Distribute informational handouts at numerous local real estate offices for new homeowner
packets
Perform a targeted mailing to local lawn care businesses
The Stormwater Division will continue to be a sponsor of the annual Big Sweep event.
Assess educational activities for quantifying the level of increased public awareness
Create and distribute BMP information to Latino-owned/operated car washes and automotive
repair businesses.
Explore the potential of posting water quality sampling data on the City’s website; have data
geospatially referenced.
Assess and update the commercial car washing/repair pollution reduction program; distribute
informative literature to point-of-purchase vendors.

®o0 o
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9. PUBLIC INVOLVEMENT and PARTICIPATION

Objectives:

1. Provide opportunities for the public, including major economic and ethnic groups, to
participate in program development and implementation.

The permittee shall implement the following BMPs to meet the objectives of the Public Involvement and
Participation Program:

9.1 BMP Summary Table
YR | YR | YR |YR | YR RESPONSIBLE
BMP Measurable Goals - | 5 | 5| = | =
R— 1|2 | 3| 4| 5 | POSITION/PARTY
nggﬁﬁ:ty Please reference BMPs #2 through X X x x X Stormwater Director
Involvement Program #5 below. Community Educator
Establish e Stormwater Appeals Board )
h/lse?;ha:ziszl or o Monthly Public Works . § . . § Stormwater Director
Public Involvement Comm.lttee Meeting (City Community Educator
Council)
Esggti)riles}tlzelpline To report polluters X X X X X Community Educator
Establish e Stormwater Appeals Board Stormwater Director
h/lseiha:liiszl for e Monthly Public Works X X X X X .
PUblic Involverment Committee Meeting (City Community Educator
Council)
Public notice requirements for Citizens
soliciting feedback from the
Public Notice community as well as establishing X X X X X Stormwater Director

transparency and accountability to
the public.

Community Educator

9.2 Volunteer Community Involvement Program: The City of Winston-Salem has implemented
following programs to various degrees in order to promote volunteer opportunities and ongoing
citizen participation for FY 2014 - 2015:

o Creek Week: Is a week-long series of events geared to engage the public and support
water quality awareness. Events included Enviroscape presentations, classrooms in the
creek, Facebook photo contests, Rain Barrel workshops, Creek Week craft time and
other interactive program elements. Creek Week occurs in March and is organized by a
committee of municipal, county, and non-profit organizations.

e Creek Crawls: Are held with local school classes were the students visit a nearby creek to
examine the water quality of the stream using water quality test kits. Benthic
macroinvertebrates are collected, examined, and discussed as to form an overall
assessment of the water quality of the selected stream. Students are taught to collect
water samples and to identify the macroinvertebrates collected based on provided keys as
part of this “hands on’ approach.

e Buffer in-a-Bag program: This campaign is targeted to residents with creeks or streams in
their yard. To reduce sedimentation of urbanized stream channels, the City of Winston-
Salem in cooperation with the Forsyth Cooperative Extension, provided a workshop to
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train land owners with creeks on their property how to install and maintain riparian
vegetation.

e Adopt-a-Stream: Homeowner associations, companies, special interest groups, families
or other interested parties can request to Adopt-A-Stream in their area of interest.
Interested parties will commit to conducting two clean-ups per year and the City will
provide signage and debris removal after each cleanup.

e Adopt-a-Park: Homeowner associations, companies, special interest groups, families or
other interested parties can request to Adopt-a-Park in their area of interest. Interested
parties will commit to conducting two clean-ups per year and the City will provide
signage and debris removal after each cleanup.

e Adopt-a-Street: Homeowner associations, companies, special interest groups, families or
other interested parties can request to Adopt- a-Street in their area of interest. Interested
parties will commit to conducting two clean-ups per year and the City will provide
signage and debris removal after each cleanup.

e Big Sweep is conducted every year in October for removing trash and debris for local
waterways.

e Storm Drain Marking: Volunteer groups place adhesive punks and ‘No Dumping, Drains
to Creek’ markers on catch basins and other drainage structures within the community.
Volunteer groups situate door hangers that contain stormwater education material
informing citizens about fertilizer use, pet waste and illegal dumping within targeted
neighborhoods due to the number of reoccurring complaints.

9.3 Establish a Mechanism for Public Involvement: The City of Winston-Salem has three main

9.4

9.5

9.6

mechanisms for public input on stormwater issues and input on the stormwater management
program: City Council Committee meetings, Stormwater Appeals Board and the City Link
“suggestion and comment” service. The City Council has established committee level meetings that
citizens are invited to attend to discuss any topic including stormwater management issues. The
City Council committee that hears citizen input on stormwater management issues is the Public
Works Committee. Public Works Committee meetings are advertised on the City’s website and are
held the second Tuesday of every month. The Stormwater Appeals Board has been created to hear
appeals if an owner, developer, engineer or other party disagrees with the decision of staff. City
Link has instituted a citizen “suggestion and comment” service request that allows any citizen to
make a suggestion or comment which relates to the Stormwater Management Program. These
suggestions or comments are forwarded to the Department Head for review and action, if
necessary.

Establish Hotline/Helpline: The City of Winston Salem has an established stormwater hotline
that is attended by City Link staff, from 7:00 a.m. to 7:00 p.m. weekdays, 9:00 a.m. to 5:30 p.m.
weekends and all holidays with the exception of New Year’s Day, Thanksgiving Day, and
Christmas Day. City Link refers all illicit discharge complaints to Stormwater staff, who will
investigate these reports within 24 hours.

Public Review and Comment: Copies of this City Stormwater Management Plan are available
for public comment on the City’s website located at www.stormwatersmart.com.

Public Notice: The City of Winston-Salem will comply with applicable public notice
requirements when implementing a public involvement and participation program. Compliance
with 40 CFR 122.34 is achieved by working with the City Secretary’s Office, Marketing and
Communications and the Community Assistance Specialist for scheduling, advertising and posting
public meetings.
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9.7 Public Involvement and Participation Task Items for FY 2014 - 2015

1.

The Stormwater Division will continue to sponsor the City’s Adopt-A-Stream program; targeted
watersheds for clean-up include Salem Creek, Mill Creek, Silas Creek, Peters Creek and Salem
Lake watersheds. The Stormwater Division greatly appreciates its volunteers that contribute to
the Adopt-A-Stream program!

The Stormwater Division will sponsor area workshops; attendees will receive free riparian buffer
kits while supplies are available (which includes five each of four different species for a total of
20 live stakes per a kit).

The City will offer stormwater drain placards to civic organizations for denoting the connectivity
of conveyance systems to local waterways.

Informative door hangers will be offer to volunteers for achieving a heightened awareness of
how citizens can protect and improve water quality in their neighborhoods.

The Stormwater program website is continually updated with information for citizens.

Currently, the Division’s emphasis includes the opportunity for residents to pledge on-line to
Scoop the Poop.

Local students can participate in Creek Crawls, a volunteer program for removing trash and
debris from streams.

Business representatives and citizens attend monthly Public Works Committee Meetings in order
to participate in the stakeholder process. The Public Works Committee invites citizens to
participate in these discussions and agendas are posted on the City’s website. In addition, the
City Council has created Stormwater Appeals Board, which makes decisions of various
ordinances.

Post-construction Stormwater Control Ordinance training and education sessions for engineers
and developers continue on an individual basis after adoption of the City’s Post-construction
Stormwater Control Ordinance.

Publish major NPDES permit components on the Stormwater Division’s webpage for soliciting
public feedback.
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10. ILLICIT DISCHARGE and ELIMINATION
Objectives:
1. Detect and eliminate illicit discharges, including preventable spills and illegal dumping
into the municipal separate storm sewer system (MS4).
2. Implement appropriate enforcement procedures and actions.
3. Maintain a map showing the permittee’s major MS4 outfalls to state waters receiving
discharges.
4. Inform employees, businesses, and general public of hazards associated with illegal
discharges and improper disposal of waste.
5. Prohibit illicit connection(s)
10.1 BMP Summary Table
YR YRYR YR YR RESPONSIBLE
BMP Measurable Goals 102 /3| 4 |5 POSITION/PARTY
If warranted, a Notice of Violation (NOV) is
issued with required compliance measures and Environmental Control
a Maintain Appropriate |due date. NOV is tracked by designated staff x| x | x| x | x Supervisor
Legal Authorities until final resolution is achieved. Enforcement
actions are described in Section 75-11 of the Engineering Technicians
IDDE Ordinance.
The City of Winston-Salem has hired a .
: e . Stormwater Director
Maintain a Storm SeWerconsultant for ou_tfall identification and creation
b of a comprehensive stormwater system X| X | x| x | X . -
System Base Map ; L . Industrial/Municipal
inventory. Staff updates the City’s GIS major C . .
ompliance Officer
outfall database, as needed.
Inspection/Detection  |Written standard operating procedures were Environmental Control
Program to Detect Dry (established in April 2006 and revised in July Supervisor
¢ Weather Flows to MS4 [2011. lllicit discharges or connections are X[ X | X| X | X
Outfalls in Targeted permanently removed from the MS4 in Engineering Technicians
/Areas accordance with the City’s IDDE Ordinance.
IAll current and new municipal employees,
which are not administrative positions, are Community Educator
d [Employee Training required to review a web-based power point X| X | X| X | X
presentation and booklet regarding IDDE City Employees
detection and reporting.
CityLink
The public can assess the City’s Homepage,
e Maintain a Public Citizen Service Request webpage, or CityLink | x x| x | x Environmental Control
Reporting Mechanism jand provide notification of illicit discharges to Supervisor
the Stormwater staff.
Engineering Technicians
Stormwater staff records IDDE activities, which Environmental Control
f IDocumentation includes date, time, investigative findings, | x | x| x | x Supervisor
NOVs, and completion letter within an internal
Excel database. Engineering Technicians
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10.2

10.3

10.4

10.5

10.6

10.7

Best Management Practices (BMPs) for lllicit Discharge Detection and Elimination:

Maintain Appropriate Legal Authorities: The City of Winston-Salem has an illicit discharge,
connection, and disposal ordinance that regulates the introduction of illegal pollutants to the
City’s MS4 and receiving streams. The stormwater staff is adequate to provide enforcement
actions, as per the existing ordinance. The adopted ordinance has an enforcement section that
provides for notice of violations and civil penalties. One can reference the City’s Stormwater
[licit Discharges and Connection Ordinance, Chapter 75, at: ARTICLE I. ILLICIT
STORMWATER DISCHARGES AND CONNECTIONS

Maintain a Storm Sewer System Base Map: Inventories of the initial fifteen watersheds have
been completed. A consultant is in the process of revising all watershed master plans as well as
stormwater sewer system inventories for the annexed areas of the City of Winston-Salem. The
inventory is accessible as a GIS layer and amended from submitted new development as-built
plans and ‘in-the-field” surveyed locations. For FY 2014-2015, Muddy Creek Watershed has
been scheduled for a major outfall and stormwater system inventory update.

Inspect/Detect Dry Weather Flows at MS4 Outfalls in Targeted Areas: lllicit discharge
detection and elimination procedures are contained within the Stormwater Division’s Sampling
Manual, which is located on the filing cabinets in Room 53 (storage area on the ground floor).
The Center of Watershed Protection and Mr. Robert Pitt published a guidance manual for
program development and technical information regarding illicit discharge detection and
elimination (IDDE). When compared to the IDDE manual created by the Center of Watershed
Protection, the Stormwater Division’s standards of operating procedures were very similar.
Instead of expending City resources to create its own manual, the Stormwater Division adopted
Chapters 11, 12, and 13 from the Center of Watershed Protection’s IDDE technical manual.

Employee Training: The Stormwater Division has created and distributes a web-based power
point presentation and booklet to all current and new municipal employees (pertinent field staff)
in order to increase the success rate of detecting illicit discharges to the MS4/receiving waters.

Establish a Public-Reporting Mechanism: Citizens may call the stormwater hotline or use the
CRM system to report illicit discharges, connections, and disposal within the City’s limits. All
pertinent information regarding reporting procedures is posted on the City of Winston-Salem’s
website, www.Cityofws.org and the Stormwater Division’s homepage,
www.stormwatersmart.com. The public can call (336)747-7480 to report illicit discharges,
spills, or connections for Stormwater staff to perform investigative activities.

Documentation of IDDE Activities: When staff investigates an illicit discharge activity, a
discharge report is developed and filed by the investigating staff member, regardless of the
outcome. If an illicit activity is discovered, staff prepares a Notice of Violation (NOV), as per the
requirements of Chapter 75-11 of the City Code. The NOV is sent to the violator(s) via
registered or certified mail. The NOV clearly states the violation, as well as any abatement
activities required by the City. Upon successful completion of abatement activities by the
violator, a notification is sent that the illicit activity has been resolved. Staff records all electronic
and hardcopies of all correspondence, photos, mapping, civil penalty assessments, and sampling
results pertaining to the IDDE activity for future reference.
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10.8  Ilicit Discharge Detection and Elimination Task Items for FY 2014 — 2015

1.

10.

11.

Mapping updates to the storm sewer drainage system continue from initial efforts conducted
in the prior permit years. A contracted consultant has commenced for survey activities of the
stormwater collection system (including major stormwater discharge outfalls) for Muddy
Creek Watershed. Basin tracing models have been incorporated into the geodatabase to
allow staff the ability to track illicit discharges to their sources. Outfalls are being identified
and field-screened as part of this process.

Staff will continue to detect and eliminate illicit discharge situations and issue corresponding
Notice of Violations.

As part of the masterplan inventory update, stormwater outfalls will continued to be
investigated and screened for the presence of pollutants.

As part of the City’s Good Housekeeping and Pollution prevention programs, new City
employees will be trained to identify illicit discharges and how to report them.

CityLink takes illicit discharge calls and within 24 hours, Stormwater staff will investigate all
received complaints.

Stormwater staff performs quarterly, fixed interval sampling at 13 locations throughout
Winston-Salem for the following perimeters: BOD, TSS, TDS, Turbidity, Cd, Cr, Ni, Pb,
Total & Dissolved Cu, Total & Dissolved Zn Total & Dissolved P, NO2, NO3, TKN, and
fecal coliforms. Staff anticipates collecting in approximately 2,000 certified lab results;
roughly 1,000 samples will be collected within the Salem, Brushy, and Peters Creek
Watersheds.

Staff anticipates stream-walking almost 25 miles within creeks, in which approximately half
of the total distance will be evaluated for illicit discharges/connections within the Salem,
Brushy, and Peters Creek Watersheds. Appendix E contains the proposed stream segments
that will be assessed for FY 2014 — 2015 by Stormwater staff.

Staff will use instanteous multiparameter meters, in conjunction with portable Chemet
sampling Kits for early detection of sanitary sewer overflows and failing septic systems.
Staff will continue to issue Notices of Violations for resolving all illicit discharge
investigations and successful removal from the MS4.

Assess and update (if needed) the Illicit Discharge Detection and Elimination Handbook for
determination of accepted staff protocols and procedures.

Record the number of detected sanitary sewer overflows by Stormwater staff and reported to
Utilities Construction and Maintenance Section.
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11.

CONSTRUCTION SITE RUNOFF CONTROLS

Objectives:

1.

111

Reduce pollutants in stormwater runoff from construction activities disturbing one or
more acres of land surface and those activities less than one acre that are part of a larger
common plan of development.

Provide procedures for public input, sanctions to ensure permit compliance, requirements
for construction site operators to implement appropriate erosion and sediment control
practices, review of site plans which incorporates consideration of potential water quality
impacts, and procedures for site inspection and enforcement of control measures.

A locally delegated program that meets or exceeds the state requirements covering the
jurisdictional area of the permittee complies with the required minimum of this section.

The City of Winston-Salem has been delegated by NCDENR to establish a local erosion
and sedimentation control program to administer the Sedimentation Pollution Control Act
of 1973; stormwater NPDES permit requirements will be fulfilled using this existing
program. Plan review, plan approval and permits are required for any land disturbing
activity that is equal to or greater than 20,000 square feet in surface area for development
of a single-family dwelling, 10,000 square feet on any land disturbing activity for any
other purpose, and for those single-family residential sites under 20,000 square feet, an
executed erosion control affidavit stipulating minimum measures to prevent off-site
sediment is required of the permit holder.

BMP Summary Table

BMP

YR
1

YR
2

YR
3

YR
4

YR
2

RESPONSIBLE
POSITION /
PARTY

Measurable Goals

Erosion and

Sediment Control

Local program mandates NCDENR
approved sediment & erosion
control practices for construction
activities disturbing more than
20,000 ft2 for single-family

Erosion and Sediment
Control Engineer

Program construction or 10,000 ft2 for any Erosion Control
. ; Inspectors
other purpose, plus a single-family
residential program.
Local program adheres to Erosion and Sediment
Plan Review regulations and requirements of the Control Engineer
Process Sedimentation Pollution Control X X X X X

Erosion Control
Inspectors

Act of 1973 and current NCDENR
BMP construction standards.

Complaint
Response, and
Enforcement
Procedures

Field Inspections,

On-site inspections are conducted
once per three weeks; on average,
each inspector has 50 sites. In
addition, staff responds to all
received complaints within 48 hours
of first knowledge. Article 5 of the
City’s Unified Development
Ordinance includes Civil Penalty,
Injunctive Relief, Stop Work
Orders, and Restoration.

Erosion and Sediment
Control Engineer

Erosion Control
Inspectors
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Notify the
responsible City Building Inspectors and Erosion

Divisions that Control Section ensure construction
have enforcement | debris and trash removal from sites.

AR ; . Stormwater/
capabilities in Off-site sediment release

o . Erosion Control Division
order to eliminate | enforcement measures are levied by

construction site | the Erosion Control Section. Any
wastes from other pollutants that enter the MS4 X X X X X
entering the MS4 | or Waters of the State are resolved
and/or Waters of | by the Stormwater Division.

the State

Building Inspections
Section

* Erosion Control Personnel
distribute educational pamphlets
illustrating proper pollution controls
Educational and methods and devices.

Training *Inspectors conduct on-site and in- X X X X X
Materials office educational seminars with
contractors, designers and the
general public.

* Information is provided on-line

Erosion Control Section
Staff

* City Link-web-based computer
program and phone line that citizens
and City employees can report off- NC Division of Land
site sedimentation issues/complaints Resources
*STOPMUD Hotline — staff
responds to complaints with 48 X X X X X CityLink
hours of first knowledge
* City Website — publicized contact Marketing &
information of Erosion Control Communications Section
staff, which includes telephone
numbers and email addresses.

Public
Information

Best Management Practices for Construction Site Runoff Controls:

11.2 Erosion and Sediment Control Program: The Sediment and Erosion Control Section of the
City of Winston-Salem’s Stormwater/Erosion and Sedimentation Control Program require
erosion and sediment control measures at construction sites. Article V of the Unified
Development Ordinance (Chapter C) regulates land disturbing activities within Forsyth County’s
boundaries (this includes the City of Winston-Salem). For additional information regarding the
City’s Sediment and Erosion Control Ordinance, please visit this link: Article V Erosion
Control.

11.3 Develop Requirements for Construction Site Operators: Article V of the Unified
Development Code, Section 5-7(G) and 5-16.1 states that no person shall undertake any land
disturbing activity without first obtaining a permit from the Director. Section 5-16.2 states that
any area exceeding 20,000 square feet in surface area on one tract for construction of a single-
family dwelling or 10,000 square feet on one tract for any other purpose must be permitted. To
be permitted, Section 5-18.7 mandates the creation and submittal of a development plan and
Section 5.8 provides the design standards criteria of erosion and sedimentation control measures,
structures, and devices to be reviewed, approved, and installed.

Three City Divisions monitor and eliminate construction site wastes from adverse impacts to
water quality. The Building Inspections Section requires construction solid waste (for example:
wood, sheet rock, concrete truck washout, etc.) to be placed in trash receptacles and disposed at
an appropriate facility. Off-site sediment recovery and maintenance of erosion control structures

24




https://library.municode.com/HTML/84486/level2/CHCENOR_ARTVERCO.html

https://library.municode.com/HTML/84486/level2/CHCENOR_ARTVERCO.html



11.4

115

11.6

11.7

are regulated and enforced by the Erosion Control Section. Any other pollutants that are directly
(or indirectly) discharged, disposed, or illicitly-connected to storm drain systems (public or
private-owned) or to Watercourses and Waters of the State, which are located within the City
limits and any of the City’s extra territorial jurisdictions, are monitored and enforced by the
Stormwater Division.

Educational and Training Materials for Construction Site Operators: Erosion Control
Inspectors perform on-site and in-office educational discussions with licensed contractors,
designers and developers, as per service requests and/or issuance of violations. These
educational discussions are very interactive and personal. Historically, Inspectors have
distributed approximately 1,500 educational pamphlets to construction site operators per a fiscal
year, on average.

Plan Reviews: When finalized, development plans are submitted to the City of Winston-Salem
for permit approval of land disturbing activities; Erosion Control staff determines regulatory
compliance in accordance with the Sedimentation Pollution Control Act of 1973. As a result,
sediment control devices for construction activities are evaluated for capture of 75 percent of the
40 micron particle and larger.

Public Information: In 2005, City Council and the City Manager commissioned the creation
and implementation of a centralized telephone call center/web-based complaint hotline for the
citizens of the City of Winston-Salem. Known to the public as CityLink, this communication
center receives citizen-generated e-mails or telephone calls regarding illicit activity within the
City or County. The public can access CityLink on the City of Winston-Salem’s homepage of
www.Cityofws.org.; it appears on the bottom portion of the website. The Erosion and Sediment
Control Section has been integrated into the CityLink system and implemented a 72 hour
response time of first knowledge.

The Sediment and Erosion Control Section has publicized its contact information on the City of
Winston-Salem’s main webpage. Once on the City’s homepage, a citizen can locate each
Erosion Control staff member’s name, e-mail address, and telephone number within three clicks
of a computer mouse.

In addition, by calling 1-866-STOPMUD, citizens can report violations of the Sedimentation
Pollution Control Act. The Sediment and Erosion Control Section responds to e-mails and
received complaints from the hotline within 48 hours of first knowledge.

Inspection and Enforcement Procedures: Site inspections are conducted by one of four
qualified erosion control inspectors, which are assigned to a section of Forsyth County. Each
inspector reviews, approves and releases grading/erosion control permits for construction
activities, conducts on-site inspections, and ensures program compliance in their respective part
of the County. Routine inspections are performed once every three weeks, however, the
frequency of inspections will increase (as needed) for overall program compliance.

Enforcement action provisions are described in Sections 5-18.8, 5-20, 5-21, 5-22, 5-23 and 5-25
of Article V of the Unified Development Ordinance (Chapter C). The City of Winston-Salem
will not issue a grading permit for a development site unless the sediment and erosion control
plan has been approved. Deviation from the approved plan will result in a Notice of Violation
(NOV) from an erosion control inspector with violations of noncompliance and a compliance
due date will be listed. Mitigation activities are enforced in the event of off-site sedimentation -
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NCDWAQ receives a copy of every NOV that is issued by the Erosion Control Section. If the
corrective measures are not resolved by the due date, a monetary fine, Stop Work Order, and/or
Injunction may be imposed on the developer or contractor. In addition, the City of Winston-
Salem may withhold any certificates of occupancy until absolute resolution has been achieved.

11.8 Eminent Domain Authority: The City of Winston-Salem’s Sediment and Erosion Control
Section has an established procedure of sending a copy of every issued grading permit and
application within Forsyth County to the Winston-Salem Regional Office of NCDENR. This
protocol provides the NC Division of Minerals and Land Resources an opportunity to collaborate
with the Stormwater/Erosion Control Division concerning the approval of a post-construction
stormwater management BMP within the City’s limits.

11.9 Construction Site Runoff Control Task Items for FY 2014 - 2015

1. The Sedimentation and Erosion Control Section will review submitted, complete plans
and perform corresponding onsite compliance inspections.

2. If needed, staff will issue Notices of Violations and levy civil penalties in order to
achieve regulatory compliance.

3. Verify the flow process Erosion Control staff uses for ensure containment of construction
waste streams. Ensure that no construction waste can enter (directly or indirectly) the
MS4 or waters of the State.

4. Assess the percentage of compliant sites versus the number of NOVs issued for all active
construction sites for observing trends in programmatic function.
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12.

Objectives:

POST-CONSTRUCTION SITE RUNOFF CONTROLS

1. Manage stormwater runoff from new development/redevelopment that drains to the
MS4 and disturbs an acre or more of land surface, including projects less than an acre
that are part of a larger common plan of development or sale.

2. Provide a mechanism to require long-term operation and maintenance of BMPs.

3. Ensure controls are in place to minimize water quality impacts.

4. Permittee shall not be required to apply post-construction site runoff controls to entities
that are exempt from permittee’s jurisdiction, including entities exempted under
N.C.G.S. 113A-56.

12.1 BMP Summary Table
YR | YR | YR | YR | YR RESPONSIBLE
BMP Measureable Goals - |5 |5 | | =
E— | | 2 3 4 S POSITION/PARTY
Post-construction | The City of Winston Salem
Stormwater adopted a Post-construction X x X X x Stormwater Director
Management Stormwater Control Ordinance
Program in September of 2008.
Strategles Wh,'Ch The City uses the State BMP
include BMP’s . . o .
. Manual as engineering criteria X X X X X Stormwater Director
appropriate for the .
for stormwater plan submittals.
MS4
Deed restrictions and protective Stormwater Director
Deed Restrictions | covenants are required in the
and Protective City’s ordinance to ensure that X X X X X
Covenants stormwater controls are not .
Stormwater Engineer
altered or removed.
An operation and maintenance
plan is required as part of the Stormwater Director
Operation and permit approval process. The x " X X x
Maintenance Plan | City uses state-approved criteria
for initiating Stormwater Engineer
BMP maintenance activity.
Multiple training sessions have
been provided by Stormwater
staff prior and after ordinance
. implementation. Educational Stormwater Director
Educational . o
. materials include: guiding
Materials and 2
L stormwater applications, X X X X X
Training for .
example calculations, and other
Developers - . .
supplementary information. Stormwater Engineer
Please refer to
www.stormwatersmart.com for
additional information.
12.2  Post-Construction Storm Water Management in New Development and Redevelopment:

The Stormwater Division oversees and enforces the City’s post-construction stormwater
management program. The City of Winston-Salem has supplemented previous water supply
watershed regulations with current post-construction regulations for Class ‘C’ waters in order to
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12.3

address stormwater runoff from new and re-developed sites. The City of Winston-Salem has
adopted the State’s Best Management Practices Manual as a technical guide for designing
structural BMPs within its municipal boundaries.

Strategies which include BMPs Appropriate for the MS4:

Programs with development/redevelopment draining to Nutrient Sensitive waters:

Drainage from the City of Winston-Salem ultimately flows to the Yadkin River, which is the
main tributary for High Rock Lake. High Rock Lake has been classified as nutrient sensitive and
currently has a TMDL in development for Chlorophyll A and turbidity. Structural and non-
structural BMPs will be utilized to address the requirements of 15A NCAC .0126 (10) (e). These
BMP’s will provide sediment removal, which ultimately reduces the nutrient inputs to receiving
streams. Proper application and storage of fertilizers is being addressed through a Turf
Management Certification, which is administered by the Stormwater Division and the Forsyth
County Cooperative Extension Service in efforts to reduce nutrient loading to receiving streams.

Fecal Coliform Source Control:

The City of Winston-Salem coordinates with the Forsyth County Department of Public Health to
reduce fecal coliform inputs to the MS4 to the maximum extent practicable. This process
includes an oversight program to ensure proper operation and maintenance of on-site wastewater
treatment systems. The City will also work to implement structural BMPs that encourage the die-
off of fecal coliform bacteria to the maximum extent practicable. The City/County Utilities
Commission (CCUC) has an extensive capital improvement program to rehabilitate failing
sections of the sewer collection system. Stormwater staff works closely with the CCUC to locate
and resolve sanitary sewer overflows into the MS4.

Non-Structural BMPs:

Currently, the City of Winston-Salem has implemented a comprehensive plan for growth — the
Legacy Development Guide, which was adopted in 2012. Environmental quality is a key subject
area, which is addressed with an objective to protect our local watersheds, wetlands, and streams.
The City also has adopted local water supply watershed protection regulations, as required by
DWQ. The Unified Development Ordinance regulates development in the Water Supply
watershed areas of the City. Development is subject to zoning restrictions, erosion control
measures, floodplain management and low density development provisions as they pertain to the
water quality criteria of the Post-Construction Stormwater Control Ordinance such as recording
of stream buffers where applicable and use of vegetative conveyances to the maximum extent
practicable.

Structural BMPs:

In 2008, the City of Winston-Salem adopted the State’s model ordinance, which provides sizing
and performance criteria for water quality BMP’s. This ordinance addresses both low density and
high density development scenarios as regards water quality attenuation. Low density
developments (less than 24 percent built upon area and/or less than 2 dwelling units per acre)
must provide and record stream buffers where applicable and use vegetative conveyances to the
maximum extent practicable. High density developments (greater than 24 percent built upon area
and/or more than 2 dwelling units per acre) in addition to meeting all of the low density non-
structural BMP requirements must also provide structural BMPs. In addition, City Council
adopted water quantity standards for stormwater BMP design in order to mitigate detrimental
downstream effects of flooding and erosion in various design storm events. Any BMP or
combination of BMPs approved for 85 percent TSS removal that can be effectively constructed
in the Piedmont physiographic region may be approved by the Stormwater Engineer.
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12.4

125

12.6

12.7

Deed Restrictions and Protective Covenants: The City of Winston-Salem created, adopted,
and implemented its post-construction ordinance on September 19, 2008. This ordinance
includes comprehensive regulatory procedures in order to ensure compliance. Right of entry
drainage and access easements must be granted to the City to inspect, monitor, maintain, repair,
or to reconstruct the stormwater management system as necessary. Notice of violations,
remedies, and monetary penalties are examples of regulatory tools contained within the post-
construction ordinance that the Stormwater Division utilizes as enforcement mechanisms. For
further reference, the City’s Post-construction Stormwater Control Ordinance (Chapter 75,
Article IV) can be located at this link: ARTICLE IV. POST CONSTRUCTION
STORMWATER

Operation and Maintenance Plan: Stormwater Division personnel inspect water quantity
BMPs as well as Salem Lake Watershed (Water Supply IV Classification) stormwater
management controls on an annual basis. Stormwater control devices, which were approved after
the adoption of the post-construction ordinance, must have an Operation and Maintenance
Agreement recorded as part of the ordinance permit process. The emphasis of BMP inspection
and maintenance is placed on the designated property owner. Beginning after the certification of
the as-built drawings for a permitted stormwater management system, the system must be
inspected per the frequency described in this agreement by a suitably qualified professional on
behalf of the owner. The owner must keep all records of these inspections and any maintenance
activities that may have been necessary and submit these records to the Stormwater Director for
review on an annual basis. The Stormwater Director or his designee may carry out his own
inspection to validate such submitted records.

The City of Winston-Salem inspects all City-wide water quantity BMPs that were approved prior
to the Post Construction Stormwater Control Ordinance implementation as well as water quality
BMPs contained within the Salem Lake Watershed on an annual basis. The City requires
performance bonding or other cash securities on BMPs within the water supply watershed areas.
Currently, all structural BMPs approved in accordance with the post-construction ordinance must
have a financial surety in force prior to permit issuance.

Educational Materials and Training for Developers: Multiple training sessions have been
provided by Stormwater Division staff prior to and after the ordinance implementation in 2008.
Educational materials include a post construction stormwater management permit application
guidance flowchart, example of design calculations and other supplementary information such as
Operation and Maintenance Manual templates. These are available on the Stormwater Divisions
website. The Stormwater Engineer also makes himself regularly available to meet with
developers at their request on both an individual basis and via interdepartmental design review
committees, in the event that they need guidance on permit policies and procedures before
submitting an application for a permit. The Stormwater Engineer has on average three such
meetings on a weekly basis.

Post-Construction Stormwater Control Task Items for FY 2014 - 2015

1. Stormwater staff will inspect water quantity control BMPs during the 2014 — 2015 permit
year.

2. The Stormwater Division will review and permit applicable plans that require structural
BMPs for high density developments under water quality standards as well as obtaining
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water quantity control. Please note that as per Section 12.5, these stormwater
management systems will be inspected and maintained by the owners’ qualified
representatives; records of such inspections and maintenance activities shall be submitted
annually to the Stormwater Director.

Assess the need for increased educational efforts for structural BMP maintenance after
devices have been finalized. For example, BMP owners failing to have devices inspected
by a certified professional on an annual basis.

Assess the percentages of structural BMPs (since 2008) for operational function (e.g.
functional, underperforming, nonfunctional, and failing). Ensure the overwhelming
water quality and quantity BMPs are functioning as designed.

Execute a maintenance contract with an outsider vendor in order to return city-owned
structural BMPs to their designed operational effectiveness.
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13. POLLUTION PREVENTION and GOOD HOUSEKEEPING for
MUNICIPAL OPERATIONS
Objectives:
1. Prevent or reduce stormwater pollution from municipal operations.
2. Train employees on how to incorporate Pollution Prevention and Good Housekeeping
techniques into municipal operations.
13.1 BMP Summary Table
YR|YR|YR |YR|YR| RESPONSIBLE
BMP Measurable Goals - | 5 |3 || =
= 1| 2| 3| 4| 5 |POSITION/PARTY
The City of Winston-Salem has o .

. implemented the following programs to Sanitation Director
Operation and limi I f .
Maintenance preVe-nt or eliminate pollutants -rom Streets Director

entering the MS4: street sweeping,
Program for X X X X X 3RC
- S household hazardous waste collection
Municipal Facilities and disposal, household recyclin
and Operations 1 disposal, ycling, Recycle Program
residential yard waste composting, and Administrator
street drainage maintenance.
The Stormwater Division has
Site Pollution prioritized eight municipal
Prevention Plan for operations/facilities for SPPP creation. X X X X X Industrial/Municipal
Municipal Facilities Currently, fourteen municipal Compliance Officer
and Operations operations/facilities have SPPPs with
implemented recommended BMPs.
Site evaluations are conducted for the
need of BMPs; if the opportunity Stormwater Director
Inspection and arises, the Stormwater Division will
Evzfl)luation of work with the responsible municipal Stormwater Engineer
L operation to implement the appropriate X X X X X
Facilities and . -
Operations gontrols. Once controls are ' Industr!aI/Munlc_lpaI
implemented, BMP effectiveness will Compliance Officer
be evaluated by the Division and the
respective City entity.
For municipally-owned facilities that
are not required to obtain a general
Spill Response stormwater permit, an abbreviated
Procedures for stormwater pollution prevention plan X X X X X Industrial/Municipal
Municipal Facilities (SPPP) will be created and Compliance Officer
and Operations implemented. A key component of this
abbreviated SPPP is spill response plan
and procedures, which are site-specific.
During municipal facility/operation
assessments, vehicle and equipment-
L washing practices are evaluated. If
Prevent or Minimize .
S needed, washing procedures are
Contamination of . L
Stormwater Runoff modified to prevent or minimize _ o
exposure to surface waters. These X X X X X Industrial/Municipal
from all areas used q d din th i i
for Vehicle and procedures are documented in the Compliance Officer
Equioment Cleanin SWPPP and verified on a BMP
quip 9 | checklist. Fire Stations are scheduled
for site assessments during FY 2014-
2015.
Streets. Roads. and The Stormwater Divis_ion hqs work in _ o
Public Parking Lots collaborated efforts with Winston- X X X X Industrial/Municipal

Maintenance

Salem Transit Authority, Streets
Division, and Winston-Salem

Compliance Officer
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Department of Transportation in order
to identify pollutant-laden stormwater
runoff from public streets, roads, and
parking lots. Selected BMPs for
implementation include: increased
street sweeping, enhanced MS4 trash
and sediment removal, issuance of
condensed spill response plans and
procedures for hydrocarbon releases,
and implementing a maintenance
program for existing structural BMPs,
which receive inputs from public
streets and roads.

Streets Division
Winston-Salem
Department of
Transportation

Stormwater Director

Streets, Roads, and
Public Parking Lots
Maintenance

Since the City’s NPDES Permit
became effective on 4/24/2013, BMP
(9) will be fully completed by
4/24/2015. Some BMPs have already
been implemented; these items include:
street sweeping, MS4 maintenance
activities of pipe and catch basin
cleaning, and SPPP issuance to top
priority municipal facilities/operations.

Industrial/Municipal
Compliance Officer

Streets Division
Winston-Salem
Department of
Transportation

Stormwater Director

Operation and
Maintenance (O&M)
for Municipal-owned
or Maintained
Structural
Stormwater BMPs
and Stormwater
Sewer System
(including catch
basins, conveyance
system, and structural
controls).

The Stormwater Division has work in
collaborated efforts with the Streets
Division in order to develop and
implement an O& M program for
mitigating pollutant-laden stormwater
runoff from entering the MS4.
Selected BMPs for implementation
include: increased street sweeping and
enhanced MS4 trash and sediment
removal. The Stormwater Division
will implement a maintenance program
for existing structural BMPs during FY
2014-2015.

Streets Division

Stormwater Director

Stormwater Engineer

Conduct staff training

A web-based power point presentation
and booklet is mandatory for all current
and new municipal employees, which
are not administrative positions, to
view and synthesize awareness
information regarding
goodhousekeeping practices as well as
illicit discharge identification and
detection.

Community Educator

13.2  Identified Municipal Facilities/Operations: In 2007, the Stormwater Division performed an
inclusive assessment of municipal facilities/operations that have a significant potential for
generating polluted stormwater runoff. Subsequently, staff prioritized these municipal
operations for SPPP creation and implementation due to the magnitude and nature of activities
that each municipal operation provides to the public. Since that time, the Stormwater Division
provides professional services to City entities in order to create and implement BMPs for

mitigating or eliminating exposure of pollutants to stormwater runoff.

The following tables

provide an overview of the City’s progression in reducing stormwater pollution from municipal
operations, as of March 2014.
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Municipal Facilities/Operations that have Comprehensive Stormwater Pollution Prevention Plans
(General Stormwater Permitted or Significant Operations that require SPPPs, as if permitted)

Table 13.3
City Department Division or Operational Activities Contact Name NPDES Permit Number
Utilities Muddy Creek WWTP Ronald Hargrove NC0050342
Archie Elledge WWTP Ronald Hargrove NC0037834
Hanes Mill Landfill Jan McHargue NCG120034
Property Facilities . .
Management Fleet Services James Mitchell NCG080801
WSDOT Winston-Salem Transit Authority Toneq” McCullough NCG080023
Streets Salt, Sand, and Soil SFo_re}ge and Maintenance Ryan Newcomb N/A
Activities
o Refuse & Yard Waste Collection, Household .
Sanitation Recycling Johnnie Taylor N/A
LJVM Memorial Coliseum Concerts, Sporting Events, lIce-Skating N/A
Benton Convention Center Food Service, Convention Activities N/A
Dixie Classic Fairgrounds Food Service, Agrlcuuu_ral Exhibits, Automobile N/A
Demolition Derby
Bowman Grey Stadium Automobile Racing, Sporting Events, Food N/A

Service

Municipal Facilities/Operations that have Abbreviated Stormwater Pollution Prevention Plans
(Spill Response Plans and Procedures with Nonstructural BMPs, including Site Maps)

Table 13.4
City Department Division or Operational Activities Contact Name NPDES Permit Number
WSDOT : )
(Five facilities) Parking Decks/Lots Toneq’ McCullough N/A
Parks and Recreation Equipment Maintenance and Washing, Swimming .
(30 facilities) Pool Chemicals, and Recreation Centers Tim Grant N/A
Central Warehouse Fertilizer and Chemical Storage James Mitchell N/A

(Two facilities)

Municipal Facilities/Operations that are scheduled for Site Assessments and/or Stormwater
Pollution Prevention Plans (General Stormwater Permitted or Abbreviated — Depends on
Operational Magnitude and Nature of Activities)

Table 13.5
City Department Division or Operational Activities Contact Name NPDES Permit Number
Utilities Construction and Maintenance Division Ronald Hargrove N/A
Northwest WTP Ronald Hargrove NC0086762
Thomas WTP Ronald Hargrove NC0079821
Neilson WTP Ronald Hargrove NC0086011
Fire Fire Stations and HazMat Storage Chief Tony Farmer N/A
Police Crime Evidence Storage and _Vehlcle Preparation Chief Barry Roundtree N/A
and Processing
Vegetation Management Chemical Storage an(_j I_:grt|l|zer Application James Mitchell N/A
Activities
Neighborhood Services Abandoned Automobile Storage Area Richie Brooks N/A
Properties that may cause or contribute to
Property Maintenance stormwater pollution (e.g. Gun Range, James Mitchell N/A
maintenance facilities, vehicle storage, etc.)
3RC Household Hazardous Waste Disposal Michelle Sakwa N/A
WSDOT Traffic Maintenance, Warehouse Storage, and Toneq’ McCullough N/A

Paint Shop Activities
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Best Management Practices for Pollution Prevention and Good Housekeeping for Municipal

13.6

13.7

13.8

13.9

13.10

Operations:

Operation and Maintenance Program for Municipal Facilities: The City of Winston-Salem
has created and implemented multiple comprehensive programs in order to mitigate or eliminate
pollutant exposure from entering the Waters of the State or MS4 — please reference the BMP
Summary, Table 13.3.

Site Pollution Prevention Plans for Municipal Facilities and Operations: The Stormwater
Division has identified 22 municipal facilities/operations that have the significant potential for
generating polluted stormwater runoff. As of March 2014, 14 municipal facilities/operations
have implemented stormwater pollution prevention plans (SPPPs) in order to remove pollutant
exposure to stormwater runoff (Tables 13.3 and 13.4). Eight municipal facilities/operations have
been designated for site pollution assessments/inspections with SPPP creation and
implementation, if needed (Table 13.5). The Winston-Salem Fire Department will be evaluated
for vehicle-washing BMPs during the Permit Year of 2014 — 2015.

Inspection and Evaluation of Municipal Facilities and Operations (including the MS4
system and associated Structural BMPs): The Stormwater Division has been conducting good
housekeeping inspections of municipal facilities/operations since January 2004. The inspection
process focuses on current best management practices (BMPs) of: chemical/substances (e.g. salt,
gasoline, soil, etc.) storage, waste disposal, outdoor processes (e.g. vehicle and equipment
washing), material un/loading, and automotive-related activities. In addition, Stormwater staff
evaluates the effectiveness of structural BMPs, stormwater discharge outfall(s) condition, off-site
erosion, and recommends corrective measures and/or BMP implementation (nonstructural or
structural) for the facility. All generated inspection reports are posted on an internal shared drive
as well as hard copies that are delivered to the Division/Department Superintendent and ACM
Gregory Turner. The Stormwater Division retains an electronic copy and hard copies of
completed inspection forms. Once corrective measures have been installed or implemented,
stormwater personnel verify BMP effectiveness. The last comprehensive revision to the City’s
municipal inventory database was completed in October 2013; an update was finalized by the
Stormwater Division in March 2014.

Spill Response Procedures for Municipal Facilities and Operations: For municipally-owned
facilities that are not required to apply for a NPDES stormwater permit, an abbreviated SPPP has
been created and implemented by City staff. A key component of this abbreviated SWPPP is
spill response plan and procedures that are site-specific. Each municipal operation/facility
performs spill response training on an annual basis. Table 13.4 contains a list of municipal
facilities/operations that have implemented an abbreviated SPPP.

Prevent or Minimize Contamination of Stormwater Runoff from all areas used for Vehicle
and Equipment Cleaning: Upon inspection of each municipal facility/operation, structural and
nonstructural BMPs are recommended for implementation. Stormwater staff promotes
vehicle/equipment washing at City Yard. These washing bays discharge into an oil and water
separator, which is connected into the sanitary sewer. Parking lots for abandoned vehicles will
be evaluated for installation of an oil and water separator. If structural BMPs cannot be installed,
the vehicle-washing activities will be performed in accordance with NPDES requirements.
Selected BMPs will be incorporated into an abbreviated SPPP in order to reflect on-site practices
and measures. The Winston-Salem Fire Department has been scheduled for site assessments as
well as SPPP implementation for FY 2014 - 2015.

34





13.11

13.12

13.13

13.14

13.15

Select BMPs for Pollutant Reduction on Municipal Streets, Roads, and Public Parking
Lots: The Stormwater Division has worked in collaborative efforts with Winston-Salem Transit
Authority, Streets Division, and Winston-Salem Department of Transportation in order to
identify pollutant-laden stormwater runoff from public streets, roads, and parking lots. Selected
BMPs for implementation include: increased street sweeping, enhanced MS4 trash and sediment
removal, issuance of condensed spill response plans and procedures for hydrocarbon releases,
and implementing a maintenance program for existing structural BMPs, which receive inputs
from public streets and roads.

Implementation of Maintenance Programs for Municipal Streets, Roads, and Public
Parking Lots: The targeted date for BMP implementation is March 2015 since the Stormwater
Division must perform required budgetary processes for procuring additional funds, in
accordance with state purchasing regulations.

Operation and Maintenance (O & M) for Municipal Structural Stormwater BMPs and the
Stormwater Sewer System: The Stormwater Division has developed and implemented a
comprehensive operation and maintenance program for structural BMPs as well as the MS4.
This O & M Program includes (but not limited to) these activities:

e Street (right-of-way) structure maintenance (pipes and catch basins) — every drainage
structure is inspected and cleaned (if needed) once a year. Structure condition is denoted,
prioritized for repairing, when required.

e Street sweeping — each city street is swept once a year with heavily polluted roadways
being swept bimonthly. The Streets Division contracts with an outside vendor, who
utilizes high efficiency vacuum street sweeper for maximum pollutant (e.g. trash, TSS,
and nutrient) removal.

e Structural BMP maintenance: The Stormwater Division has dedicated approximately
$300,000 to the procurement of a licensed contractor for BMP maintenance during FY
2015 - 2016. Maintenance activities include vegetative control of invasive species,
sediment removal from forebays, trash and debris removal, and inlet and outlet cleaning
services. This contract encompasses all municipal-owned structural BMPs, which
includes five stormwater wetlands, two streambank restoration projects, and two
stormwater wet ponds.

Conduct Staff Training: A web-based power point presentation and booklet is mandatory for
all current and new municipal employees, which are not administrative positions, to view and
synthesize awareness information regarding goodhousekeeping practices as well as illicit
discharge identification and detection. Once training has been completed, City departments
record each employee’s name and employee ID number for documentation purposes and submit
these training logs to the Community Educator. These educational materials serve for refreshing
current employees’ awareness of pollution prevention techniques.

Municipal Goodhousekeeping and Pollution Prevention Task Items for FY 2014 - 2015

1. Stormwater staff will performed SPPP audits on core municipal operations.

2. Continue to have new City employees view the stormwater orientation video and receive
a copy of the handbook, Stormwater Runoff: Municipal Good Housekeeping and
Pollution Prevention.

3. The City’s Recycle Today Program will continue to recycle appropriate materials.
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10.

The City will provide funding to 3RC, a facility that collects, disposes, and/or recycles
household hazardous materials.

The Sanitation Division will collect and compost leaves and vegetative material.

The Streets Division will remove and dispose of trash and debris from the MS4.

An outside contractor will perform streets sweeping activities within the municipal limits;
increased efforts will be directed to the Downtown, business core.

Create stormwater pollution prevention plans for all Winston-Salem Fire Stations;
implement appropriate BMPs for reducing or eliminating pollutants to the MS4.

Assess current cleaning procedures for city-owned parking lots and decks and implement
proper BMPs, if needed.

Sample municipal stormwater discharge outfalls that have the potential to contribute fecal
coliform loading for prioritizing the capital improvement project list.
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14.

MONITOR and EVALUATE STORMWATER DISCHARGES to

MUNICIPAL SYSTEMS

Objective:

1. Evaluate pollutants in stormwater discharges to the permittee’s MS4 from hazardous
waste treatment, disposal and recovery facilities, industrial facilities subject to Section
313 of Title Il of the Superfund Amendments and Reauthorization Act of 1986 (SARA),
and industrial facilities that the Permittee determines are contributing or having a
potential to contribute a substantial pollutant loading to the municipal storm sewer
system.

141

BMP Summary Table

BMP

Measurable Goals

YR
1

YR
2

YR
3

YR
4

YR
2

RESPONSIBLE
POSITION/PARTY

Maintain an
Inventory of
Industrial Sites

A complete list has been generated
and updated by the Stormwater
Division. This list consists of:
industrial facilities that are permitted
as defined by 40 CFR 122.26, SARA
Title 111, Resource Conservation &
Recovery Act (i.e. hazardous waste),
or identified as having/had an illicit
discharge.

Industrial Inspector

Inspection Program

Created and implemented in early
2004, the Stormwater Division has
proactively inspected NPDES
industrial facilities. Our current
inventory has been prioritized based
upon potential impacts to surface
waters. Inspection procedures were
modified in July 2006, as a result of
an EPA Audit.

Industrial Inspector

Establish and
Implement
Measures to
Evaluate
Commercial and
Industrial Facilities
discharging
stormwater to the
City of Winston-
Salem’s MS4

During the course of the on-site
inspection, the Stormwater staff
evaluates analytical and qualitative
sampling data, visual field
observations of the stormwater
collection system and outfalls, and
effectiveness of BMPs (nonstructural
and structural). A copy of every
completed inspection form is
forwarded to NCMLR, WSRO.

Industrial Inspector

Best Management Practices for the Program to Monitor and Evaluate Stormwater Discharges to

14.2

Municipal Systems:

Maintain an Inventory of Industrial Sites: A complete list has been created by the Stormwater

Division. This list consists of: industrial facilities that are permitted as defined by 40 CFR
122.26, SARA Title 111, hazardous waste facilities, or identified as having or had an illicit
discharge. The Stormwater Division updated this master list in February 2014; annual updating
will occur from this month.
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14.3

14.4

145

Inspection Program: Initially, inspection techniques consisted of examining every permit
compliance measure in accordance with state NPDES stormwater permit, inspect the inside
facility for illicit connections, and focus on SPPP records. Our current techniques are based
upon revised 2006 EPA inspection methods, which include: observations of effectiveness of
nonstructural and structural BMPs, the facility’s stormwater collection system and stormwater
discharge outfalls, site maps, and validation written SPPP protocols to actual field observations.

The City of Winston-Salem has prioritized industrial facilities within its municipal limits to be
inspected. The Stormwater Division used the following sources to generate the list:

1. EPA’s Envirofacts Database for Toxic Release Inventory (SARA Title I11) and RCRA
(hazardous waste treatment, disposal, and recovery) facilities

2. NC Department of Water Resources Database (General and Individual Permitted
industrial facilities, as per 40 CFR 122.26)

3. The City of Winston-Salem Facilities’ Database (Municipal Operations/Facilities that are
permitted under 40 CFR 122.26)

4. lllicit Discharge Reports

When combining the above-mentioned databases, facilities that appeared multiple times due to
their industrial activities and governmental regulations were ranked. As a result, the Stormwater
Division assigned these industrial facilities with a ‘high-priority’ ranking due to the elevated
probability of significant adverse impact to surface waters. The Industrial Inspector will target
these facilities for inspections; our goal is to inspect every permitted facility once every five
years. Appendix C contains proposed industrial and municipal facilities that will be inspected
during FY 2014 — 2015 by Stormwater staff.

Establish and Implement Measures to Evaluate Commercial and Industrial Facilities
discharging stormwater to the City’s MS4: During the course of the on-site inspection, the
Stormwater staff evaluates first flush data in regards to benchmark values from the NPDES
permit, visual field observations of the stormwater collection system, current and past conditions
of stormwater discharge outfalls (by means of qualitative monitoring records), and effectiveness
of nonstructural and structural BMPs. The Stormwater Division has a good working relationship
with the NC Division of Mineral and Land Resources, Winston-Salem Regional Office. A copy
of every completed inspection and reinspection form is forwarded to Sue White and Aana
Taylor-Smith, Environmental Specialists, who are assigned to Forsyth County.

Monitor and Evaluate Stormwater Discharges to Municipal Systems Program Summary

1. The Stormwater Division will inspect permitted industrial facilities to ensure compliance
with state stormwater regulations.

2. Track the number of Required Actions Items with the corresponding percentage of
successful corrective measures completed.

3. Incorporate a defining parameter for pollutants of concern into the Stormwater Division’s
prioritization plan regarding permitted industrial facilities within the municipal
boundaries.
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15. WATER QUALITY ASSESSMENT and MONITORING
Objective:
1. Evaluate the impacts on water quality.
15.1 BMPs for Water Quality Assessment and Monitoring
YR | YR | YR | YR | YR | RESPONSIBLE
BMP Measurable Goals 1 2 3 2 5 POSITIONS
Stormwater Director
Water Quality The Stormw_ater Division has Environmental Control
created and implemented a -
a | Assessment and li d X X X X X Superwsor
Monitoring Plan Wate.r qqa Ity assessment an
monitoring plan. . .
Engineering
Technicians
Stormwater staff performs Enviro;&nzr\tl?lo(?ontrol
b Water Quality quarterly, fixed interval » X X X X P
Monitoring sampling at 13 locations Engineeri
. ngineering
throughout Winston-Salem. e
Technicians
15.2  Water Quality Assessment and Monitoring Program: Water quality samples are collected on
a quarterly, fixed interval basis at each monitoring site — thirteen monitoring locations have been
strategically-selected throughout the municipal boundaries. Samples are collected in a composite
method, except for fecal coliforms and E. coli, which are grab samples in accordance with 40
CFR 136.3. Composite samples are collected every 15 minutes in 100 milliliter aliquots for a 24
hour period. Parameters analyzed by a multiparameter meter are immediately obtained and
recorded streamside. Appendix D provides maps of sampling locations throughout the City of
Winston-Salem that staff conducts water quality assessments.
15.3  Water Quality Assessment and Monitoring Task Items for FY 2014 — 2015:

1. Stormwater staff will perform quarterly, fixed interval sampling at 13 locations throughout
Winston-Salem for pollutant perimeters of BOD, TSS, TDS, Turbidity, Cd, Cr, Ni, Pb, Total &
Dissolved Cu, Total & Dissolved Zn Total & Dissolved P, NO2, NO3, TKN, and fecal coliforms

2. During stream walking, the YSI multiparameter meter will be used as well as portable Chemets
test kits for ammonia and nitrate detection.

3. Perform stream sampling in Salem, Peters, and Brushy Fork Watersheds in order to identify fecal
coliform sources for BMP retrofit opportunities.

4. Perform structural BMP sampling (before and after BMP implementation) in order to determine

pollutant removal efficiency.
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16 TOTAL MAXIMUM DAILY LOADS (TMDLSs)
Objectives:

1. Determine whether a TMDL has been developed and approved or established by EPA for
the receiving water(s) of the permittee’s MS4 NPDES stormwater discharge.

2. The permittee will utilize BMPs within the six minimum measures to address the
permittee’s assigned NPDES regulated stormwater waste load allocation (WLA)
identified in the approved TMDL to the maximum extent practical and to the extent
authorized by law.

3. If subject to an approved TMDL with a NPDES regulated WLA assigned to the
permittee, the permittee will be considered in compliance with the TMDL if the permittee
complies with the conditions of this permit, including developing and implementing
appropriate BMPs within the six minimum measures to address the MS4’s NPDES
regulated WLA to the maximum extent practical (MEP). While improved water quality
is expected outcome, the permittee’s obligation is to implement BMPs designed to
address the NPDES regulated waste load allocation assigned to the permittee to the
maximum extent practical. The permittee is not responsible for attaining water quality
standards (WQS). The Division expects attaining WQS will only be achieved through
reduction from all point and nonpoint source contributors identified in the approved
TMDL.

16.1 Salem Creek Watershed TMDL BMP Summary Table
YR | YR|YR | YR | YR | RESPONSIBLE
BMP Measurable Goals 1|2 3 2 5 | POSITION/PARTY
The City of Winston-Salem has completed a
Identif comprehensive watershed masterplan update
Descrigé and of Salem, Brushy Fork, and Peters Creek Stormwater Director
Ma ’ Watersheds in 2011. GIS data was collected
Wa?ershe q for these watersheds; information gathered X X X X X
Outfalls arlwd included all perennial streams, major Contracted Consultant
Streams’ stormwater outfalls, and MS4 conveyance
systems. A revised reassessment date for
these watersheds is scheduled in 2017-2018.
Stormwater Director
The City of Winston Salem has implemented
Existin ten nonstructural and structural BMPs in Civil Engineer
Measur%s order to reduce fecal coliform pollution X X X X X

within the Salem Creek (and contributing
tributaries) Watershed.

Special Projects
Coordinator

Assessment of

Historical water quality data shows continual Stormwater Director

Available fecal coliform pollution, with the majority of X X X X X
Monitoring results exceeding 400 cfu/100 milliliters Special Projects
Data during wet and dry weather conditions. Coordinator

The Stormwater Division performed a .

) - . Environmental Control

comprehensive program evaluation of its Supervisor

Monitoring TMDL monitoring plan in order to become P
- : ; X X X X

Plan more efficient and effective. Implementation

Stormwater Engineering

of these improved screening and trending Technicians

methods is scheduled for FY 2014 — 2015.
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The Stormwater Division has identified Stormwater Director
sixteen nonstructural/structural BMPs for
pollutant reduction within the Salem Creek Civil Engineer
Additional Watershed. In addition, the Stormwater g
A ; X X X
Measures Division hired a consultant to explore the Special Proiects
costs of installing/retrofitting structural BMPs P e
. : Coordinator
with modeled reduction levels of fecal
coliforms.
Civil Engineer
The City’s Capital Improvement Plan (CIP)
Implementation comprises of six structural BMPs for Special Projects
Plael construction, starting in 2017. Washington X X Coordinator
Dog Park is the first proposed project for the
Salem Creek Watershed. Stormwater Engineer
The Stormwater Division plans to utilize its
Incremental geodatabase (Geographical Information Environmental Control
Success System) to document, analyze, and report X X X Supervisor
incremental successes to achieve its waste
load allocation. Stormwater Director
16.2  ldentify, Describe, and Map Watershed, Outfalls, and Streams: The City of Winston-Salem
has completed comprehensive watershed masterplan updates of Salem, Brushy Fork, and Peters
Creek Watersheds in 2011. GIS data was collected for these watersheds; information gathered
included all perennial streams, major stormwater outfalls, and MS4 conveyance systems. In
addition, the Stormwater Division received hydraulic and hydrological modeling data as well as
pollutant loading data for future BMP implementation projects. A revised reassessment date for
these watersheds is scheduled for in FY 2018-20109.
16.3 Existing Measures: The City of Winston-Salem is implementing various structural and

nonstructural BMPs to achieve its waste load allocation (WLA) for fecal coliform reduction
within the Salem Creek Watershed. During FY 2013 — 2014, the Stormwater Division

commenced these BMPs for program implementation:

Existing Measures

Status

Explanation to Reduce Pollutant of
Concern

Central District PTRP Wet Pond —
captures first flush of runoff from the
adjacent Piedmont Triad Research Park. In
addition, 355 acres of ultra-urban drainage
area discharges to the pond. Pond has a
surface area of 2.98 acres and average depth
of ten feet (in the lower pond).

100 percent complete

Designed to remove 85 percent TSS
removal from influent; since fecal coliforms
adhere to TSS, a reduction in TSS should
yield a fecal coliform reduction of 50
percent. These reductions pertain to the
PTRP drainage area only.

Utilities Construction & Maintenance
Division

*Pipe Bursting and Slipping Program
*Lift Station Repair and Rehabilitation
Program

*Flood Reduction Projects — Inflow and
Infiltration

100 percent complete;
on-going operation

80 percent of the City’s sewer collection
system uses gravity for transporting sewage
to the POTW. As aresult, a significant
portion of sewer truck lines are positioned
adjacent to streams. Once implemented,
engineered solutions eliminates the
exposure of sewerage to surface waters.

Illicit Discharge Detection and Elimination
Program (IDDE) - the Stormwater Division
performs fixed interval sampling regime of
13 sites across the City — 7 sites are located
in Salem, Brushy Fork, and Peters Creek
Watersheds.

100 percent complete;
on-going operation

By proactively finding sanitary sewer
overflows (SSOs) and reducing the quantity
of sewage, the amount of fecal coliform
pollution is minimized. As a result, the
regeneration of fecal coliform bacteria
within the stream matrix is reduced, which
facilitates the recovery of the biotic
ecosystem at a more rapid rate.
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Stream Walking (IDDE Program
Component) — Stormwater staff walked
approximately 13 miles of streams within the
Salem, Brushy Fork, and Peters Creek
Watershed.

100 percent complete;
on-going operation

By proactively finding and eliminating
illicit sewer discharges and connections,
staff reduces the quantity of sewage
released to surface waters. As a result, the
total amount of released fecal coliform
pollution is reduced.

Public Education — Scoop-the-Poop
campaign. The public educator highlights
the detriments of fecal coliform pollution
within a riverine ecosystem as well as
‘factoids’ of feces (e.g. the amount of fecal
coliform bacteria per a gram of fecal matter,
the average weight of a dog’s bowel
movement, etc.)

100 percent complete;
on-going operation

By making pet owners aware of the
detriment of fecal coliform pollution, the
Stormwater Division wishes to facilitate a
behavioral change in citizens. If citizens
remove feces from the open environment,
the exposure of fecal coliform bacteria to
stormwater runoff has been eliminated.

Pet Waste Stations - the City’s Parks and
Recreation Department installed seven pet
waste collection stations within green spaces
throughout downtown Winston-Salem.

100 percent complete;
continuous operation

Stations provide ease of access for pet
owners to discard fecal waste and remove
from the open environment. To further
encourage participation, the City furnishes
waste bags to the public, which are
positioned on top of the waste reticle. By
eliminating the exposure of fecal matter to
the runoff, bacteria are not discharged into
waterways.

Pet Waste Ordinance — the City of
Winston-Salem has an in-force ordinance
that requires pet owners to pick up fecal
matter within its municipal boundaries.

100 percent complete;
continuous operation

By requiring pet owners to pick up fecal
matter from their pets, the exposure of
stormwater runoff to fecal coliforms has
been eliminated, thus reducing the fecal
pollution load to receiving waters.

Erosion and Sediment Control Ordinance
— the City of Winston-Salem has adopted and
enforces its Sediment and Erosion Control
Ordinance, as per the 1973 Sedimentation
Control Act. Erosion control devices must
be installed and maintained for disturbed
areas greater than 10,000 square feet in order
to retain soils on-site.

100 percent complete;
continuous operation

Fecal coliforms are transported to receiving
waters by soil particles. In addition, fecal
coliform bacteria become resuspended once
discharged into the water matrix. As a
result, fecal coliform bacteria proliferate at
an increased rate and degrade surface waters
more rapidly. Thus, a decreased sediment
load yields reduced fecal coliforms to
receiving waters.

SUSTAIN Modeling Study — A consultant
preformed an EPA SUSTAIN model for the
Salem Creek Watershed. Eleven structural
BMPs were identified for installation or
retrofit.

100 percent complete

Based upon screening criteria, the
consultant determined that eleven sites
could be retrofitted or installed for
bioretention cells or stormwater wet ponds.
The modeling results showed that these
eleven sites may produce a 1.9 percent
reduction of fecal coliform pollution. The
associated costs would total $15,113,135.

Ditch Repair and Stabilization Program —
the Streets Division hires a private contractor
to repair and stabilize ditches within the
public right-of-way.

100 percent complete;
continuous operation

The Streets Division assesses and prioritizes
earthen conveyance swales that serve as
drainage for ribbed and paved roadways. A
private contractor restores channel capacity
to the ditch by removing trash, sediment, or
excessive vegetation. If needed, the
contractor reestablishes vegetative cover
within the ditch line in order to eliminate
sedimentation to receiving waters.

Fats, Oil, and Grease (FOG) Reduction
Program — the City/County Utilities
Division has adopted and implemented a
FOG Reduction Program to remove excess

100 percent complete;
continuous operation

Grease and oil are the second-leading cause
of sewer overflows that reach surface waters
within the City of Winston-Salem. By
requiring grease/oil interceptors to be
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cooking and petroleum oils and grease prior properly maintained, these passive devices
to entering the sewer collection system. can effectively retain grease from entering
Responsible parties must have their the sewer collective system. As a result, the
grease/oil separators pumped out by licensed guantity of released sewage (and fecal
haulers at scheduled frequencies. coliforms) is reduced to streams.

16.4 Assessment of Available Monitoring Data: Since 2008, the Stormwater Division has collected

16.5

fecal coliform samples from 52 major stormwater discharge outfalls within Salem, Peters, and
Brushy Fork Watersheds. Stormwater staff performed fecal coliform sampling during dry and
wet weather conditions with over 261 samples collected and analyzed. Appendix F contains
annual fecal coliform data (with corresponding geometric means) from 2005 to 2014. When
assessing fecal coliform sample concentrations, staff observed numerous trends from the
database. These observations include:

During wet weather conditions, all fecal coliform samples were above 400 cfu/100
milliliters. A majority of this sample population exceeded 1,000 cfu/100 milliliters.

Dry weather sampling results showed an inconsistent pattern of fecal coliform
exceedences. When staff sampled the same outfall at differed time intervals, fecal
coliform concentrations oscillated above or below the water quality standard for Class C
waters.

The Stormwater Division identified the positive correlation of an independent variable to
fecal coliform concentrations. As ambient temperature increases, so does fecal coliform
concentrations within local streams.

A very weak correlation exists between fecal coliform concentrations and upland land
use; insufficient evidence for predicting or isolating fecal coliform sources.

Due to the above-mentioned observations, the Stormwater Division assumes that fecal
coliform pollution exists universally throughout its municipal boundaries.

Monitoring Plan: The Stormwater Division performed a comprehensive program evaluation of
its TMDL monitoring plan in order to become more efficient and effective. Implementation of
these improved screening and trending methods is scheduled for FY 2014 —2015. The
Stormwater Division intents to implement the following proposed modifications to existing plan:

Obtain absolute fecal coliform concentrations in stream segments to establish an
impairment priority ranking, through aliquot dilution.

Sample targeted subwatersheds during varying weather conditions. The approved Salem
Creek TMDL states that fecal coliform violations occur between 10 — 75 percent of days
flow exceeded.

Concentrate sampling efforts in first order streams (near/at confluence with second order
streams) and adjust future locations based upon sample results. If sample results above
400 cfu/100 milliliters (geometric mean value), move upstream to finger tributaries. If
below, move downstream to the next confluence point.

Verify that a fixed, in-stream sampling site exists for purposes of a baseline assessment
within Salem Creek (e.g. Fraternity Church Road); quarterly frequency is recommended.
Instantaneous water quality indicators to be obtained at each sampling event: water
temperature, solar radiation conditions (e.g. sunny, overcast) total dissolved solids,
conductivity, pH, dissolved oxygen (milligrams per a liter and percent saturation), and
rainfall amount or time since last rainfall.
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e Collect water samples in various dry and wet weather conditions — strive to achieve a
50/50 ratio during the fiscal year
e Once pollutant loadings have been established for impaired stream segments, compare
these loadings against the GIS matrix. Determine which independent variables are
causing the impairness and consider the appropriate six minimum measure(s) that could
be implemented for reducing waste allocations.
e Create and implement quality control/quality assurance measures (e.g. three percent of
total samples are field blanks)
e Ensure proper sampling techniques are being followed when conditions allow

16.6 Additional Measures: The City of Winston-Salem anticipates the implementation of numerous
nonstructural BMPs in order to expand current pollutant reduction strategies within the Salem
Creek Watershed. By expanding current BMP strategies to the maximum extent practical, the
City hopes to benefit from synergic pollutant reductions within the targeted watershed. The
following matrix presents the City’s expanded measures (with corresponding explanations) in
order to reduce fecal coliform loadings within the Salem Creek Watershed:

Additional Measures

Explanation of Desired Outcomes

Responsible Staff for
Implementation

Perform Goodhousekeeping
Awareness Training with local
Animal Shelters

By evaluating current business practices, the
Stormwater Division wishes to provide local shelters
with new or modified cleaning methods to prevent or
eliminate fecal coliform exposure to the open
environment.

Community Educator

Stormwater Inspector

Perform a collaborated awareness
program with the City’s Parks and
Recreation for signage and pet
waste collection station
implementation at frequently used
municipally-owned areas.

The Stormwater Division wishes citizens to have a
heightened awareness of the detrimental effects of
bacterial pollution to receiving waters. Thus, the
overarching goal of this measure is to highlight the
importance of collecting pet waste and eliminating
the exposure of fecal coliforms to runoff.

Community Educator

Parks and Recreation staff

Facilitate a private-public
partnership for pet waste receptacle
placement in common areas of high
density residential housing.

By having readily access to disposal bins, the
Stormwater Division anticipates targeted residents to
use waste stations rather than leaving fecal matter on
the ground.

Community Educator

Create and implement a rain garden
training program for treating runoff
from residential properties.

The Stormwater Division will provide technical
knowledge as well as rain garden plants and soil
media for BMP construction. Stormwater runoff will
infiltrate into the garden and eliminate discharge into
the MS4.

Stormwater Engineer

Stormwater Director

Create GIS layers for independent
variables of fecal coliform
contamination to validate
appropriate BMPs implementation.

By importing independent variable data (e.g. sewer
pipe and material type, per capita of pet ownership,
etc.), the Stormwater Division analyses and
prioritizes subbasins for fecal coliform
contamination. This GIS analysis will allow
Stormwater staff to effectively select appropriate
BMPs for implementation. Hopefully, staff will be
able to prove significant pollutant reduction within
targeted subbasins.

Stormwater Technicians

Special Projects Coordinator

Evaluate municipal operations and
general stormwater-permitted
industrial facilities for

The goal of this nonstructural control measure entails
the modification of work practices to eliminate fecal
coliform exposure to the environment. By

Stormwater Inspector
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opportunities of fecal coliform
reduction.

eliminating fecal coliform exposure, the overall waste
load allocation is reduced.

Generate a comprehensive list of
municipal facilities that would
benefit from
retrofitting/constructing structural
control measures. Prioritize sites
and coordinate with responsible
parties for measure planning and
design activities.

By designing and implementing structural control
measures for removing fecal coliforms from MS4
discharges, the City will reduce bacterial pollution to
receiving streams.

Stormwater Inspector

Stormwater Engineer

City staff

Create and implement confirmation
methodology for locating failing
septic tank systems within the City
of Winston-Salem

Failing septic tanks contribute human fecal coliform
loading to the MS4, if illicit discharges are allowed to
persist. By refining the City’s IDDE protocols for
failing septic tanks, the City will achieve greater
success in obtaining its waste load allocation.

Stormwater Technicians

Create and implement a water
quality sampling program for ‘at-
risk’ areas of exfiltration from the
City’s sewer collection system.
After significant storm events,
Stormwater staff will sample the
downstream stream for sewage
indicator pollutants in order to
minimize the quantity of released
sewage.

The Utilities Division has modeled and identified
areas of exfiltration within the sewer collection
system. Since 80 percent of sewer collection system
is adjacent to surface waters, the likelihood of a SSO
remains great. Therefore, a proactive program of
mitigating released sewage to waterways remains
paramount.

Stormwater Technicians

Utilities Construction &
Maintenance Engineer

Explore new methodologies of
locating and removing failing
septic tank systems from
discharging into receiving surface
waters.

Current procedures for discovering failed septic tank
systems rely on passive techniques. By utilizing GIS
tools in conjunction with innovative techniques, the
Stormwater Division wishes to proactively locate
potential ‘hot spots’ of septic tank failures.

Forsyth County Department
of Health

Stormwater Technicians

Perform water quality sampling of
stormwater discharge outfalls from
municipally-owned properties that
have a great potential to contribute
fecal coliform pollution to streams.
The purpose of this sampling effort
is to confirm the justification of
designing and constructing
structural control measures to treat
stormwater runoff.

By validating fecal coliform pollutant concentrations,
the Stormwater Division is able to justify and
prioritize capital improvement funds for structural
control measure expenditures. The Stormwater
Division can maximize the pollutant removal
efficiency per a dollar spent. An overall reduction to
the City’s WLA is expected from implementing
structural control measures.

Stormwater Technicians

Stormwater Engineer

Locate, inspect, and sample treated
wastewater from NPDES-permitted
sand filters/package plants for fecal
coliforms. If the effluent
concentrations exceed 400
cfu/100mL, report the responsible
party to NCDWR.

The continuous, effective operation of an on-site
wastewater treatment device is critical for achieving
compliance with the WQ Redbook Standard. By
sampling the effluent of these devices, the
Stormwater Division is confirming effective
operation. Exceedences of the WQ Standard
constitute a point source load of fecal coliforms to the
MS4. Removing coliform-laden discharges will
assist the Stormwater Division to meet the City’s
WLA.

Stormwater Technicians

Stormwater Inspector

N.C. Department of Minerals
and Land Resources

Locate livestock populations within
the Salem Creek Watershed.
Assess the potential of stream
access/proximity of livestock

The overall goal of this action item is to evaluate the
potential of fecal coliform contamination from
agricultural areas. Once livestock fecal coliform
sources are identified, the Stormwater Division can

Stormwater Technicians
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populations. Compile assessment
results and incorporate into the
Stormwater Division’s GIS.

propose and implement non/structural control
measures to treat or reduce fecal coliform loadings to
Salem Creek.

Designate a program coordinator to
oversee and manage the routine
maintenance of all City-owned
structural control measures within
the City of Winston-Salem.

By ensuring the effective and continuous operation of
City-owned wetlands, wet detention ponds, and
bioretention cells, the maximum fecal coliform die-
off rates can be achieved. Maintenance activities will
focus on conditions for maximum mortality rates
such as: minimal tree canopy cover, sediment, trash,
debris removal, and promotion of riparian buffers
along applicable BMPs to deter waterfowl.

Stormwater Engineer

Stormwater Director

Street sweeping activities in ‘hot
spot’ areas within the Salem Creek
Watershed that focuses on strategic
timing and location.

Fecal coliform bacteria are transported into receiving
streams by adsorbing onto soil particles. By
increasing the frequency of street sweeping in
designated areas, the City will eliminate the transport
mechanism, thus reducing the fecal coliform loading
within the Salem Creek Watershed.

Assistant Transportation
Director

Stormwater Director

Continued rehabilitation of
infrastructure collection systems
(sanitary sewer and stormwater) for
continuous and effective operation

Aging infrastructure creates conditions that permit
fecal coliform pollution to persist, which include
hydraulic overloading, sedimentation due to
structural failures, and riverine flooding.
Rehabilitation improvement projects will reduce fecal
coliform loading by eliminating failure causes.

Utilities Construction &
Maintenance Division

Streets Division

Social media campaign to target
specific demographics regarding
proper handling of pet waste.

By creating and implementing an engaging social
media strategy, the Stormwater Division anticipates
that targeted audiences will retain take-away
messages as well as increase its number of
friends/subscribers/followers on social media. As a
result, the Division hopes that pet owners will change
their behavior and remove feces from the open
environment. Thus, the exposure of fecal coliforms
to rainfall will be eliminated.

Community Educator

Marketing and

Communications Department

16.7

and nonstructural BMPs in order to reduce fecal coliform pollution within the Salem Creek

Watershed, in accordance with permit requirements. Appendix G contains a five year capital
improvement project (CIP) list of structural BMPs that support fecal coliform load reduction
within the City of Winston-Salem.

Implementation Plan: The City of Winston-Salem plans to implement the following structural

Structural/Nonstructural Control
Measures

Explanation of Desired Outcomes

Status and Schedule

Washington Dog Park —a 950
square feet bioretention cell will
receive the first inch of stormwater
runoff from the upland 3.48 acre
drainage area. Storm flows greater
than the first inch will be diverted to
Salem Creek. Vegetative
Management and Streets Drainage
Divisions will perform routine
maintenance on the bioretention cell.

The Washington Dog Park is located within 75
feet of Salem Creek’s top of bank. The park is
the only and most heavily-used dog
recreational area within Winston-Salem. A pet
waste receptacle is positioned at the park’s
only access point; the total elimination of fecal
coliform bacteria from the open environment
remains unachievable to obtain. Thus, the
permanent installation of a bioretention cell
will remove the residual fecal matter from
stormwater runoff. The anticipated pollutant
removal of fecal coliform bacteria should be
approximately 80 percent.

Stormwater staff will seek CIP
funding from the City Manager’s
Office for approximately
$40,000. Construction activities
should commence in July 2017.
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Sanitation Collection Truck Storage
Yard — the City’s Property
Maintenance Section is redesigning a
new storage facility for sanitation
collection trucks. Stormwater runoff
from the proposed storage area will be
conveyed into an oil water separator,
which discharges into the facility’s
stormwater wet pond.

This treatment train is designed to significantly
reduce fecal coliform pollution through solid
separation, exposure to ultraviolet radiation,
and natural predation from protozoan
organisms within the wet pond.

This BMP is contingent upon
bond procurement, thus an
approximate implementation
schedule is pending. Once funds
become available, the
Stormwater Division will develop
a project schedule.

City of Winston Salem, Parks and
Recreation Maintenance
Facility/Reynolds Golf Course —a
substantial Canada Geese population
as well as numerous wildlife
sightings/scat observations have
prompted staff to design a
bioretention cell for capturing and
removing fecal coliform bacteria.

An area of the golf course is located adjacent to
Berry Branch, a tributary of Salem Creek. By
intercepting stormwater runoff and routing
through a bioretention cell, fecal coliform load
reduction should increase to 80 — 90 percent.

On-goings basin studies are
verifying project viability. Staff
will perform water quality
sampling of stormwater discharge
outfalls to confirm fecal coliform
loading in 2015. Once
confirmed, the project should
commence by June 2018.

TMDL Monitoring Plan — a program
evaluation was performed by staff,
which revealed several information
gaps within the monitoring plan. In
order to devise a clearer and effective
strategic TMDL masterplan, the
Stormwater Division will implement
new sampling procedures to identify
and quantify fecal coliform loadings
from contributing drainage areas.

By incorporating new procedures into its
Monitoring Plan, the Stormwater Division will
be able to prioritize drainage areas for
stormwater management controls. In addition,
Stormwater staff becomes able to determine the
appropriate nonstructural/structural control
measures for implementation. A pilot study
may result in a statistical correlation of
workload measures to actual waste load
allocation reduction.

New sampling procedures have
been finalized with Stormwater
staff being trained on program
amendments. The new sampling
procedures will be implemented
by December 2014.

Wildlife Educational Initiative —
urban wildlife constitutes the largest
source of fecal coliform loading to the
MS4. By educating citizens of the
unexpected effects of human/wildlife
interactions, the City hopes to reduce
its waste load allocation within
impaired watersheds.

Since the City needs to reduce fecal coliform
loadings from the MS4 by 93 percent, this
isolate group provides the largest promise of
waste load reduction. As a result, the City
wishes to reduce fecal coliform loading to the
MS4 through the combination of nonstructural
BMPs.

This program initiative will be
developed by the Stormwater
Division; educational efforts
should commence by June 2017.

Salem Creek Structural Control
Masterplan — a consultant performed
an assessment of the Salem Creek
Watershed in order to generate a
prospective list of sites for structural
control measure placement. Once
identified, computer modeling was
used to develop a priority ranking
system for BMP type, size, and
projected costs.

The masterplan serves as a long-term strategic
blueprint to achieving the MS4’s waste load
allocation. By strategically placing structural
control measures on sites with high pollutant
loadings, the Stormwater Division is able to
validate the cost-effectiveness and removal
efficiency to the public, elected officials, and
the City Manager’s Office. In addition, the
Stormwater Division will develop a long-term
capital improvement project preforma spending
plan for Council’s approval.

This structural control measure
masterplan was completed and
delivered to the Stormwater
Division in July of 2013. Due to
fund availability and project
prioritization order, the first
designated bioretention cell for
implementation is scheduled to
be operational by the Summer of
2020. Since 15 sites were
selected for BMP
retrofit/installation opportunities,
the Stormwater Division projects
BMP implementation to continue
until 2035.
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16.8 Incremental Success: The Stormwater Division plans to utilize various databases (e.g. GIS,
Microsoft Excel database, and Microsoft Access database) to document, analyze, and report
incremental successes to achieve WLA reduction. In addition, the geodatabase platform serves
as multifunctional networking tool for other internal or external governmental entities for sharing
information. The methodology used for documenting measure success (and ultimately,
wasteload reduction) depends on measure type (i.e. nonstructural and structural). However, the
Stormwater Division has adopted the below-posted departmental standards for validating actual
pollutant reduction loading to the effectiveness of implemented control measures. These
standards include:

e Perform water quality sampling before and after control measures have been
implemented at major stormwater discharge outfalls. This methodology allows staff to
determine the casual relationship of measure(s) effectiveness to actual pollutant
reduction. Since water quality samples will collected during varying weather conditions,
the overall trend in percent reduction should become evident over a period of time. The
Stormwater Division realizes that other variables may cause anomalies or ‘outliers’
within trending data, but overall long-term declining percentages should be able to
validate implemented control measures.

e Long-term data (four to five years) will be needed to provide observable deductions in
wasteload allocation reductions within subwatersheds. Due to the dynamic nature of
biological ecosystems as well as the large percentage of pollutant reduction required, the
Stormwater Division needs a substantial data population (n = 20) to correlate a percent
reduction.

e Fecal coliform concentrations are interval data — a common standard is used to derive
colony-forming units (cfu) per 100 milliliters of sample. Therefore, every effort should
be spent to use statistical correlation to refine appropriate BMPs for WLA reduction.

e Whenever possible, use scientific journal articles (or similar professionally peer-reviewed
literature), quality controlled/assured laboratory analyses (from a North Carolina certified
laboratory), or professional engineered-sealed material when validating reduction
methodologies for this TMDL Implementation Plan. Any best professional assumptions
must be qualified with footnotes within supporting documents.

In order to track and report fecal coliform load reductions, all nonstructural and structural control
measures are recorded into the Stormwater Division’s GIS. The City’s GIS Matrix provides a
quantitative representation of drainage areas with elevated fecal coliform loading as well as most
probable contributing isolate source(s). Stream segments, within impaired watersheds, will be sampled
for fecal coliforms concentrations in order to create a contribution load-ranking model. Once structural
BMPs have been successfully implemented, staff will sample both influent and effluent locations in
order to obtain the reduced waste load percentage from receiving waters. A cumulative table (e.g. Excel
spreadsheet) will track all removed pollutant loading within the Salem Creek (and contributing
tributaries) Watershed. Staff will continue to collect fecal coliform samples at a baseline monitoring
station, which is positioned within the bottom reach of the watershed. This baseline station will confirm
the overall reduction of fecal coliforms concentrations within the watershed. By continued efforts of
BMP implementation, the City of Winston-Salem strives to achieve its waste load allocation reduction.

The Stormwater Division envisions that the City’s Geographical Information System (GIS) will serve as
a central hub of tracking and reporting its WLA reduction success. This GIS database possesses full
integration capabilities with Microsoft Access, Word, and Excel as well as statistical analysis tools,
basic modeling functions, and data storage (e.g. fecal coliforms concentrations) ability. The
multifunctional nature of GIS will allow for future expansion and adaptability as regulatory demands
dictate program direction as well as achievable waste load reduction.
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16.9 Muddy Creek Watershed TMDL

In November 2011, the North Carolina Department of Environment and Natural Resources (NCDENR)
issued a final report for turbidity impairment of the Muddy Creek Watershed. The Muddy Creek TMDL
designates the City of Winston-Salem’s MS4 as a significant contributor of turbidity (i.e. total
suspended solids) pollution. A waste load allocation (WLA) was not assigned to the City’s NPDES
permit; however, total suspended solids loading (ton per a day) must be reduced by 58 percent. In
accordance with its NPDES permit, the City must evaluate strategies and adapt BMPs to reduce TSS
loading within the Muddy Creek Watershed.

The Stormwater Division performed a BMP assessment and selected appropriate reduction strategies in
order to mitigate TSS pollution. These selected BMPs are posted in the below table for FY 2013 - 2014.

16.10 Muddy Creek Watershed TMDL BMP Summary Table

Selected BMP Strategies

Explanation of Desired Outcomes

BMP Status

Erosion Control Educational
Program with Local Professionals -
The Stormwater Division conducted a
best management practices workshop
for local engineers and developers.

Local engineers and developers will
have a heightened awareness of
designing and maintaining erosion
control structures. This heightened
awareness should reduce incidents of
off-site sedimentation to the MS4 and
receiving waters.

During FY 2013-2014, 38 engineers and
construction site managers attended the
Stormwater Division’s Educational
Workshop for proper BMP construction
and maintenance.

Intensified Inspection Regime for
Construction Sites — In order to
ensure off-site sedimentation does not
occur, Erosion Control staff performs
increased inspections for site
compliance.

Muddy Creek Watershed is
experiencing an influx of construction
activities due to land availability and
improving economic conditions.
Erosion Control staff inspect
construction sites more frequently in
order to ensure proper BMP
maintenance and structural soundness.
As a result, the Stormwater Division
anticipates a reduction of off-site
sedimentation.

During FY 2013-2014, Erosion Control
staff performed 20 commercial site
inspections.

Comprehensive Masterplan Update
— The Stormwater Division contracted
a consultant to inventory, assess, and
model the Muddy Creek Watershed.

A consultant has completed a
comprehensive watershed masterplan
of the Muddy Creek Watershed. The
masterplan evaluates numerous TSS
exportation sources, such as stream
bank erosion, compromised
infrastructure and outfalls, and
potential areas of future development.
This tool guides staff to assess,
prioritize, and repair identified projects,
thus ultimately removing sedimentation
sources.

The consultant will identify potential
areas of streambank erosion for
assessment; Stormwater staff will
commence field reconnaissance activities
during FY 2015-2016.

Increased Street Sweeping Activities
- Increased frequency of street
sweeping activities in ‘hot spot’ areas
within the Muddy Creek Watershed.

In the Muddy Creek TMDL
Assessment, NCDLR denoted 80
percent of TSS exceedences occurred
during summer months. In addition to
increased construction site inspections,
the Stormwater Division envisions
increased street sweeping activities
within the public right-of-way in order
to remove off-site, refuge soil.

The Streets Division will expand street
sweeping activities with the hired
Contractor during FY 2014-2015.
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Industrial Inspection Program - In
accordance with NPDES
requirements, Stormwater staff
performs facility inspections in order
to eliminate pollutant loadings to the
MS4 or local streams.

The City of Winston Salem has 84
NPDES permitted facilities (General
and Individual Stormwater Permits)
within its municipal boundaries. A
majority of these facilities must
monitor TSS concentrations within
their stormwater discharge. If
benchmark values are exceeded, the
permitted facility must implement
additional BMPs in order to reduce
TSS loading.

The Stormwater Division performed
seven industrial inspections within the
Muddy Creek Watershed (and its
tributaries). Six of these facilities have
TSS benchmark values.

For FY 2014 — 2015, the Stormwater will
prioritize additional industrial
inspections with TSS requirements
within the Muddy Creek Watershed.

Municipal Goodhousekeeping
Inspection Program-In accordance
with NPDES requirements,
Stormwater staff performs municipal
operational audits in order to eliminate
pollutant loadings to the MS4.

Stormwater staff assesses municipal
operations for reducing or eliminating
TSS pollutant loadings to the
MS4/receiving waters.

The Stormwater Division inspected four
municipal operations during FY 2013-
2014. Stormwater staff recommended
BMP improvements for reducing TSS
loading, if needed.

Streambank Stabilization Program
— The Stormwater Division identifies
degraded sections of stream banks,
prioritizes repair needs, and
implements CIPs for bank restoration.

In-stream sediment sources contribute
significant amounts of TSS within
riverine systems. By using appropriate
stabilization methods and materials, the
exposure of raw stream banks to flood
waters will be eliminated.

The Stormwater Division completed a
stream stabilization project during FY
2013-2014. 7,500 square feet of raw
stream bank area was stabilized within
Salem Creek using stone blocks, coir
fiber matting, and vegetative cover.
Salem Creek is the largest tributary of
Muddy Creek.

70/30 Cost Share Drainage
Improvement Projects on Private
Property — the City of Winston Salem
participates in repairing private
drainage conveyances, structures, or
channels. The City pays 70 percent of
total costs; the private party pays the
remaining 30 percent.

The City of Winston Salem offers its
citizens a cost share program for public
assistance to mitigate drainage issues
on private property. One of the project
qualifying criteria is severe erosion of
earthen conveyances or stream banks;
erosion is a sediment-gain source to
receiving waters. The synergic effect
of numerous drainage CIPs being
completed throughout the Muddy
Creek Watershed (and contributing
tributaries) will remove direct
sediment-gaining sources from
receiving waters.

The Stormwater Drainage Team
stabilized 275 linear feet of eroded
streambank within the Muddy Creek
Watershed during FY 2013 — 2014.

Ditch Repair and Stabilization
Program — the Streets Division hires a
private contractor to repair and
stabilize ditches within the public
right-of-way.

The Streets Division assesses and
prioritizes earthen conveyance swales
that serve as drainage for ribbed and
paved roadways. A private contractor
restores channel capacity to the ditch
by removing trash, sediment, or
excessive vegetation. If needed, the
contractor reestablishes vegetative
cover within the ditch line in order to
eliminate sedimentation to receiving
waters.

887 feet of ditch line was repaired and/or
stabilized within the Muddy Creek
Watershed.

16.11 TMDL Task Items for FY 2014 — 2015:

1. Record the total distance (in linear feet) of restored or stabilized streambank and dry ditches
within the City of Winston-Salem.

2. Participate in stream stabilization projects with the Utilities Division when environmental factors
are conducive for resolving sanitary sewer overflows.
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Coordinate with the Utilities Division in order to record infiltration and inflow (I &I) reduction
projects within Salem, Peters, and Brushy Fork Watersheds. This proposed coordination will
allow staff to observe any casual relationships when performing trend analyses.

Investigate the potential for increased street sweeping activities for municipally-owned
operations that generate fecal coliform loading (e.g. Hanes Mill Landfill, Sanitation Yard)

. Review the City’s street sweeping contract and increase the area (or distance) swept within the
Downtown Business District.

Develop field reconnaissance procedures to capture information for identifying TSS and fecal
coliforms ‘hot spots’.
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APPENDIX F

Stormwater/Erosion Control Division
Annual (by Permit Year) Geometric Mean for Fecal Coliforms

2005 - 2014
FECAL COLIFORM
DATE OF CONCENTRATION
SITE SAMPLE SAMPLING (expressed as GEOMETRIC
NUMBER COLLECTED QUARTER PERMIT YEAR cfu/100mL) MEAN
FI_020_01 8/15/2005 1 1800
FI_020_01 11/8/2005 2 382
FI_020_01 3/29/2006 3 36
FI_020_01 6/7/2006 4 2005 - 2006 5200 599
FI_020_01 10/31/2006 2 172
FI_020_01 3/22/2007 3 2006 - 2007 19 57
FI_020_01 8/2/2007 1 2000
FI_020_01 10/30/2007 2 2007 38 276
FI_020_01 10/20/2009 2 152
FI_020_01 4/13/2010 3 32
FI_020_01 6/22/2010 4 2009 - 2010 2800 239
FI_020_01 10/20/2010 2 4200
FI_020_01 2/15/2011 3 3400
FI_020_01 5/19/2011 4 2010 - 2011 1800 2,951
FI_020_01 8/22/2011 1 84
FI_020_01 10/27/2011 2 360
FI_020_01 2/20/2012 3 580
FI_020_01 5/23/2012 4 2011 - 2012 2000 433
FI_020_01 8/23/2012 1 600
FI_020_01 11/14/2012 2 144
FI_020_01 2/20/2013 3 30
FI_020_01 5/30/2013 4 2012 - 2013 1200 236
FI_020_01 8/28/2013 1 320
FI_020_01 10/31/2013 2 206
FI_020_01 2/26/2014 3 2013 -2014 144 212
F1_020_02 9/8/2005 1 2400
FI_020_02 12/19/2005 2 53
FI_020_02 4/11/2006 3 2005 - 2006 3200 741
FI_020_02 7/10/2006 1 1400
F1_020_02 11/27/2006 2 208
FI_020_02 4/25/2007 3 2006 - 2007 3000 956
F1_020_02 3/12/2009 4 52
FI_020_02 10/20/2009 2 2009 176 96
F1_020_02 7/1/2010 1 1000
FI_020_02 10/21/2010 2 1200
F1_020_02 10/31/2010 2 300
FI_020_02 2/15/2011 3 184
FI_020_02 5/19/2011 4 2010 - 2011 360 474
FI_020_02 8/22/2011 1 360
F1_020_02 10/27/2011 2 4000






FI_020 02 | 2/20/2012 3 640

FI_020 02 | 5/23/2012 4 2011 - 2012 1200 1025
FI_020 02 | 8/23/2012 1 1400

FI_020 02 | 11/14/2012 2 156

FI_020 02 | 2/20/2013 3 15

FI_020 02 | 5/30/2013 4 2012 - 2013 440 195
FI_020 02 | 8/28/2013 1 480

FI_020 02 | 10/31/2013 2 9%

FI_ 020 02 | 2/26/2014 3 2013 - 2014 8 72
FI_030 01 | 8/22/2005 1 104

FI_030_01 | 12/14/2005 2 50

FI_030_ 01 | 3/29/2006 3 184

FI_030_01 | 6/20/2006 4 2005 - 2006 560 152
FI_030_01 | 10/25/2006 2 48

FI_030_01 5/1/2007 4 2006 - 2007 420 142
FI_030_01 | 10/20/2009 2 55

FI_030_01 | 4/28/2010 3 400

FI_030 01 | 6/22/2010 4 800

FI_030 01 | 10/31/2010 2 2009 - 2010 22 140
FI_030 02 | 8/25/2005 1 84

FI_030_02 | 12/14/2005 2 273

FI_030_02 | 3/29/2006 3 204

FI_030_02 | 6/20/2006 4 2005 - 2006 1200 274
FI_030_02 | 10/25/2006 2 232

FI_030_02 | 4/23/2007 3 2006 - 2007 172 200
FI_030_02 | 10/20/2009 2 84

FI_030_02 | 4/13/2010 3 100

FI_030_ 02 | 6/22/2010 4 420

FI_030 02 | 10/31/2010 2 2009 - 2010 43 111
FI_040 01 | 8/25/2005 1 860

FI_040_01 | 12/19/2005 2 560

FI_040 01 | 4/11/2006 3 260

FI_040_ 01 | 6/20/2006 4 2005 - 2006 380 467
FI_040 01 | 10/31/2006 2 60

FI_040_01 5/1/2007 4 2006 - 2007 180 104
FI_040_01 8/7/2007 1 180

FI_040 01 | 11/1/2007 2 2007 176 178
FI_040_01 | 10/19/2009 2 400

FI_040_01 | 4/28/2010 3 640

FI_040_01 | 6/23/2010 4 2009 - 2010 780 584
FI_040 01 | 10/25/2010 2 11200

FI_040 01 | 2/17/2011 3 168

FI_040_ 01 | 5/19/2011 4 2010 - 2011 1000 1235
FI_040_01 | 8/24/2011 1 280

FI_040_01 | 10/25/2011 2 460

FI_040 01 | 2/22/2012 3 960

FI_040 01 | 5/23/2012 4 2011 - 2012 400 472
FI_040_ 01 | 8/23/2012 1 400

FI_040 01 | 11/14/2012 2 112

FI_040_01 | 2/20/2013 3 45

FI_040 01 | 5/30/2013 4 2012 - 2013 200 142






FI_040 01 | 8/28/2013 1 212

FI_040_01 | 10/31/2013 2 108

FI_040 01 | 2/26/2014 3 2013 - 2014 44 100
FI_040_02 9/9/2005 1 840

FI_040_02 | 12/19/2005 2 780

FI_040_02 | 4/13/2006 3 168

FI_040_ 02 | 6/20/2006 4 2005 - 2006 320 433
FI_040_02 | 10/31/2006 2 36

FI_040_02 5/3/2007 4 2006 - 2007 92 58
FI_040_02 8/8/2007 1 100

FI_040_02 11/1/2007 2 2007 148 122
FI_040_02 | 4/28/2009 4 6

FI_040_02 | 10/19/2009 2 800

FI_040_02 | 4/28/2010 4 2009 - 2010 204 99
FI_040_02 7/2/2010 1 180

FI_040_02 | 10/21/2010 2 400

FI040_02 | 2/17/2011 3 148

FI_040_02 | 5/17/2011 4 2010 - 2011 1600 361
FI_040_02 | 8/24/2011 1 280

FI_040_02 | 10/25/2011 2 300

FI_040 02 | 2/22/2012 3 4600

FI_040_02 | 5/21/2012 4 2011 - 2012 440 642
FI_040 02 | 8/21/2012 1 3000

FI_040_02 | 11/12/2012 2 500

FI_040 02 | 2/18/2013 3 160

FI_040_02 | 5/28/2013 4 2012 - 2013 380 550
FI_040 02 | 8/26/2013 1 164

FI_040_02 | 10/29/2013 2 116

FI_040_02 | 2/24/2014 3 2013 - 2014 320 183
FI_050_ 01 | 8/15/2005 1 820

FI_050 01 | 12/14/2005 2 164

FI_050_01 | 3/29/2006 3 460

FI_050 01 | 6/20/2006 4 2005 - 2006 780 469
FI_050_01 | 10/25/2006 2 132

FI_050 01 | 3/26/2007 3 2006 - 2007 184 156
FI_050_01 8/2/2007 1 136

FI_050_01 | 10/30/2007 2 2007 100 117
FI_050_ 01 | 3/11/2009 3 112

FI_050_01 | 10/20/2009 2 120

FI_050_ 01 | 4/12/2010 4 1000

FI_050_01 6/9/2010 1 2009 - 2010 700 311
FI_050_01 | 10/21/2010 2 224

FI_050 01 | 2/15/2011 3 52

FI050 01 | 5/19/2011 4 2010 - 2011 1800 276
FI_050 01 | 8/22/2011 1 160

FI_050 01 | 10/27/2011 2 720

FI_050_ 01 | 2/20/2012 3 200

FI_050 01 | 5/23/2012 4 2011 - 2012 800 368
FI_050_01 | 8/23/2012 1 1000

FI_050 01 | 11/14/2012 2 176

FI_050_01 | 2/20/2013 3 92






FI_050 01 | 5/30/2013 4 2012 - 2013 360 276
FI_050_ 01 | 8/28/2013 1 136

FI_050 01 | 10/31/2013 2 108

FI050 01 | 2/26/2014 3 2013 - 2014 112 118
FI_060 01 | 8/22/2005 1 84

FI_060_01 | 12/13/2005 2 9400

FI_060_01 | 3/29/2006 3 4000

FI_060_01 | 6/20/2006 4 2005 - 2006 2800 1724
FI_060_01 | 10/25/2006 2 12000

FI_060_01 | 3/26/2007 3 2006 - 2007 212 1595
FI_060_01 8/6/2007 1 220

FI_060_01 | 10/30/2007 2 2007 440 311
FI_060_ 01 | 3/11/2009 1 420

FI_060_01 | 10/19/2009 2 12000

FI_060_01 | 4/12/2010 3 600

FI_060_01 6/9/2010 4 2009 - 2010 2600 1675
FI_060_01 | 10/21/2010 2 900

FIL060 01 | 2/15/2011 3 4400

FI_060_ 01 | 5/19/2011 4 2010 - 2011 2000 1993
FI060_01 | 8/22/2011 1 460

FI_060 01 | 10/27/2011 2 1400

FI060_01 | 2/20/2012 3 4600

FI_060_ 01 | 5/23/2012 4 2011 - 2012 2800 1697
FI_060_01 | 8/23/2012 1 2600

FI_060 01 | 11/15/2012 2 540

FI_060_01 | 2/20/2013 3 720

FI_060 01 | 5/30/2013 4 2012 - 2013 720 924
FI_060_01 | 8/28/2013 1 560

FI_060_01 | 10/31/2013 2 196

FI060_01 | 2/26/2014 3 2013 - 2014 148 148
FI_070_01 9/8/2005 2 360

FI_070_01 | 12/19/2005 3 220

FI_070 01 | 4/11/2006 4 2005 - 2006 220 259
FI_070_01 | 7/10/2006 1 12000

FI_070 01 | 11/27/2006 2 92

FI_070_01 | 4/25/2007 3 56

FI_070_01 8/7/2007 4 2006 - 2007 100 280
FI_070_01 | 3/12/2009 4 180

FI_070_01 | 10/20/2009 2 2009 160 170
FI_070_01 7/1/2010 1 820

FI_070_01 | 10/21/2010 2 360

FI070 01 | 2/15/2011 3 36

FI_070 01 | 5/19/2011 4 2010 - 2011 1800 372
FI_070_01 | 8/22/2011 1 360

FI_070 01 | 10/25/2011 2 160

FI_070 01 | 2/20/2012 3 136

FI_070_01 | 5/23/2012 4 2011 - 2012 780 280
FI_070 01 | 8/23/2012 1 400

FI_070 01 | 11/14/2012 2 56

FI_070 01 | 2/20/2013 3 33

FI_070_01 | 5/30/2013 4 2012 - 2013 192 109






FI_070 01 | 8/28/2013 1 132

FI_070_01 | 10/31/2013 2 196

FI_ 070 01 | 2/26/2014 3 2013 - 2014 144 155
FI_080_01 9/8/2005 1 240

FI_080 01 | 12/19/2005 2 127

FI_080_01 | 4/11/2006 4 2005 - 2006 380 226
FI_080 01 | 7/10/2006 1 560

FI_080_01 | 11/27/2006 2 92

FI_ 080 01 | 4/25/2007 4 2006 - 2007 188 213
FI_080_01 8/8/2007 1 49

FI_080_01 11/1/2007 2 2007 68 58
FI_080_01 | 3/12/2009 3 176

FI_080_01 | 10/20/2009 2 144

FI_080_01 | 4/29/2010 4 2009 - 2010 196 171
FI_080_01 | 7/10/2010 1 630

FI_080_01 | 10/21/2010 2 480

FI_080 01 | 2/17/2011 3 160

FI_080_ 01 | 5/17/2011 4 2010 - 2011 380 375
FI_080 01 | 8/24/2011 1 420

FI_080_01 | 10/25/2011 2 180

FI_080 01 | 2/22/2012 3 820

FI_080_ 01 | 5/21/2012 4 2011 - 2012 216 340
FI_080 01 | 8/21/2012 1 2800

FI_080 01 | 11/12/2012 2 56

FI_080_01 | 2/18/2013 3 148

FI_080_ 01 | 5/28/2013 4 2012 - 2013 88 213
FI_080_01 | 8/26/2013 1 320

FI_080 01 | 10/29/2013 2 128

FI_080 01 | 2/24/2014 3 2013 - 2014 110 165
FI_110 01 | 8/25/2005 1 360

FI_110_ 01 | 12/13/2005 2 176

FI_110 01 | 3/29/2006 3 92

FI_110 01 | 6/20/2006 4 2005 - 2006 216 188
FI_110 01 | 10/31/2006 2 25

FI_110 01 | 3/22/2007 3 28

FI_110_01 8/2/2007 1 280

FI_110 01 | 10/30/2007 2 2006 - 2007 51 56
FI_110 01 | 3/11/2009 3 34

FI_110 01 | 10/19/2009 2 96

FI_110 01 | 4/12/2010 4 72

FI_110_01 6/9/2010 1 2009 - 2010 420 100
FI_110 01 | 10/19/2010 2 112

FI_110 01 | 2/15/2011 3 68

FI_110 01 | 5/17/2011 4 2010 - 2011 10200 427
FI_110 01 | 8/23/2011 1 320

FI_110 01 | 10/27/2011 2 104

FI_110 01 | 2/20/2012 3 200

FI_110 01 | 5/21/2012 4 2011 - 2012 5800 443
FI_110 01 | 8/21/2012 1 3800

FI_110 01 | 11/12/2012 2 128

FI_110 01 | 2/18/2013 3 27






FI_110 01 | 5/28/2013 4 2012 - 2013 120 199
FI_110 01 | 8/26/2013 1 84

FI_110 01 | 10/29/2013 2 35

FI_110 01 | 2/24/2014 3 2013 - 2014 64 57
FI_130 01 | 8/22/2005 1 192

FI_130 01 | 12/13/2005 2 160

FI_130 01 | 4/11/2006 3 180

FI_130 01 | 6/20/2006 4 2005 - 2006 216 186
FI_130_01 | 10/31/2006 2 92

FI_130 01 | 4/24/2007 4 28

FI_130_01 8/7/2007 1 19

FI_130 01 | 10/31/2007 2 2006 - 2007 49 39
FI_130 01 | 3/12/2009 3 168

FI_130 01 | 10/20/2009 2 660

FI_130_ 01 | 4/28/2010 4 2009 - 2010 148 254
FI_130_01 7/2/2010 1 560

FI_130_01 | 10/19/2010 2 144

FI_130 01 | 2/17/2011 3 39

FI_130 01 | 5/17/2011 4 2010 - 2011 3600 326
FI_130 01 | 8/24/2011 1 360

FI_130_01 | 10/25/2011 2 108

FI_130 01 | 2/22/2012 3 1040

FI_130 01 | 5/21/2012 4 2011 - 2012 1600 504
FI_130 01 | 8/21/2012 1 3400

FI_130 01 | 11/12/2012 2 200

FI_130 01 | 2/18/2013 3 44

FI_130 01 | 5/28/2013 4 2012 - 2013 84 224
FI_130 01 | 8/26/2013 1 380

FI_130_01 | 10/29/2013 2 35

FI_130 01 | 2/24/2014 3 2013 - 2014 88 105
FI_140 01 | 8/25/2005 1 340

FI_140 01 | 12/13/2005 2 164

FI_140 01 | 4/11/2006 3 188

FI_140 01 | 6/20/2006 4 2005 - 2006 12000 596
FI_140 01 | 11/28/2006 2 29

FI_140 01 | 4/23/2007 4 46

FI_140_01 8/7/2007 1 59

FI_140 01 | 10/31/2007 2 2006 - 2007 36 a1
FI_140 01 | 3/12/2009 3 33

FI_140 01 | 10/19/2009 2 104

FI_140 01 | 4/28/2010 3 620

FI_140 01 | 6/23/2010 4 2009 - 2010 540 184
FI_140 01 | 10/21/2010 2 300

FI_140 01 | 2/17/2011 3 84

FI_140 01 | 5/17/2011 4 2010 - 2011 1020 295
FI_140 01 | 8/24/2011 1 144

FI_140 01 | 10/25/2011 2 260

FI_140 01 | 2/22/2012 3 620

FI_140 01 | 5/21/2012 4 2011 - 2012 1400 425
FI_140 01 | 8/21/2012 1 1200

FI_140 01 | 11/12/2012 2 940






FI_140_01 2/18/2013 3 100

FI_140_01 5/28/2013 4 2012 - 2013 180 377
FI_140 01 | 8/26/2013 1 192

FI_140_ 01 | 10/29/2013 2 172

FI_140_01 2/24/2014 3 2013 - 2014 26 95
FI_150_ 01 | 8/25/2005 1 280

FI_150_01 | 12/13/2005 2 148

FI_150_01 3/29/2006 3 160

FI_150 01 6/6/2006 1 2005 - 2006 280 208
FI_150_01 | 10/31/2006 2 28

FI_150_01 3/22/2007 3 100

FI_150_01 8/6/2007 1 4200

FI_150 01 | 10/30/2007 2 2006 - 2007 108 189
FI_150_01 3/11/2009 3 64

FI_150_01 | 10/19/2009 2 35

FI_150_01 | 12/19/2009 2 35

FI_150 01 | 4/12/2010 4 164

FI_150_01 6/9/2010 1 2009 - 2010 179 75
FI_150_ 01 | 10/19/2010 2 60

FI_150_01 2/15/2011 3 172

FI_150_01 5/17/2011 4 2010 - 2011 1000 218
FI_150 01 | 8/22/2011 1 540

FI_150_01 | 10/27/2011 2 192

FI_150_01 2/20/2012 3 220

FI_150_01 5/21/2012 4 2011 - 2012 72 201
FI_150 01 | 8/21/2012 1 400

FI_150_ 01 | 11/12/2012 2 76

FI_150_01 2/18/2013 3 144

FI_150_01 5/28/2013 4 2012 - 2013 96 143
FI_150 01 | 8/26/2013 1 64

FI_150_01 | 10/29/2013 2 92

FI_150_01 2/24/2014 3 2013 - 2014 112 87
FI_150_02 9/8/2005 1 540

FI_150_02 | 12/19/2005 2 327

FI_150 02 | 4/12/2006 4 2005 - 2006 208 332
FI_150_02 7/10/2006 1 460

FI_150_02 | 11/27/2006 2 128

FI_150_02 5/3/2007 4 100

FI_150_02 8/8/2007 1 48

FI_150_02 11/1/2007 2 2006 - 2007 420 164
FI_150 02 | 4/28/2009 4 166

FI_150_02 | 10/20/2009 2 1040

FI_150 02 | 4/29/2010 4 2009 - 2010 184 317
FI_150_02 7/1/2010 1 540

FI_150_02 | 10/21/2010 2 780

FI_150_02 2/17/2011 3 112

FI_150_02 5/17/2011 4 2010- 2011 1600 524
FI_150 02 | 8/24/2011 1 204

FI_150_02 | 10/25/2011 2 220

FI_150_02 2/22/2012 3 880

FI_150_02 5/21/2012 4 2011 - 2012 780 419






FI_150_02 8/21/2012 1 1800

F1_150_02 11/14/2012 2 140

FI_150_02 2/18/2013 3 84

F1_150_02 5/28/2013 4 2012 - 2013 180 248
FI_150_02 8/26/2013 1 220

F1_150_02 10/29/2013 2 132

F1_150_02 2/24/2014 3 2013 - 2014 100 143






APPENDIX G

Stormwater Capital Improvement Projects (CIPs) for FY 2014 - 2015

Rank Project Title Ant_|C|pated Neyv °.r

Project Cost Continuing

1 Stormwater Infrastructure Improvements $1,493,070 Continuing

2 Drainage Improvements On Private Property $250,000 Continuing

3 City Yard Contamination (Phase I1I) $2,600,000 Continuing

4 28th Street Infrastructure Improvements $2,200,000 Continuing

5 Stormwater Basin Studies $800,000 Continuing

6 Edgebrook and Bethabara Infrastructure Improvements $690,000 New

7 Bennett Infrastructure Improvements $180,000 New

8 FEMA Flood Grant Assistance 5525 Phillips Bridge Road $321,734 New

9 FEMA Flood Grant Assistance 2870 Marguerite Park Drive $206,921 New

10 Stormwater Control Measure Maintenance & Enhancement $300,000 New

11 Beaty Center Drainage Project $600,000 New

12 Friendship Circle (Oversight) Unknown New

13 SWPPP Plan V (Fire and Parking) $40,000 New

14 70/30 Enhancement Study $40,000 New

15 ISA Mangement Study $49,000 New

$9,770,725
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Purpose

The purpose of this Total Daily Maximum Loading (TMDL) Implementation Plan is to
reduce levels of fecal coliform contamination to the maximum extent practicable within
the Salem Creek Watershed. The city of Winston-Salem strives to reduce pollutant
loading to impaired surface waters by designing and implementing stormwater best
management practices (BMPs). With continued implementation of stormwater BMPs
within the Salem Creek Watershed, the city progresses to achieving its Waste Load
Allocation (WLA) for fecal coliform reduction. For purposes of this TMDL
Implementation Plan, the City develops and implements appropriate stormwater BMPs
that reflect its six minimum permit measures.

Background

Salem Creek is located within the Yadkin-Pee Dee River Basin in the Piedmont
physiographic region and is composed of Class “C” waters. The Salem Creek
Watershed is located entirely within Forsyth County and the majority of the watershed
is located within the municipal limits of the city of Winston-Salem. The watershed is
located within hydrologic unit 030400101170060 and DQW subbasin 03-07-04. Salem
Creek is currently impaired for fecal coliform bacteria. The impaired segment of Salem
Creek originates at the Salem Lake Water Supply Dam and travels in a southwesterly
direction to the confluents with Muddy Creek. Brushy Fork Creek and Peters Creek are
tributaries to Salem Creek. The impairment length of Salem Creek is 12.0 miles.

The Salem Creek Watershed measures 44,894 acres, or 70.15 square miles of drainage
area. A significant portion is within the municipal limits of the city of Winston-Salem.
Portions of the upper and middle Salem Creek Watershed drain stormwater runoff from
downtown Winston-Salem, which is considered to be high-density development.
Stormwater runoff from highly-developed urban areas can contribute significant
amounts of pollutants to receiving streams. However, much of this runoff is regulated
by the NPDES Stormwater Phase | and Il Program (EPA, 2000). This program applies
to a unit of government such as a city or county, which owns or operates a municipal
separate storm sewer system (MS4). All medium and large municipalities which own or
operate a MS4 are issued a National Pollutant Discharge Elimination System (NPDES)
permit in order to discharge stormwater to streams. Stormwater discharged from the
MS4 is considered a point source discharge (i.e. water released from a pipe). North
Carolina Division of Water Quality (NCDWR) issued a NPDES stormwater permit to
the city of Winston-Salem in April 2013; this permit expires in February 2018.

Pollutant of Concern

Fecal coliforms are naturally-occurring bacteria that live in intestinal tracts of warm-
blooded animals (including humans). The presence of elevated fecal coliform
concentrations within streams indicates possible contamination of sewage from four
possible sources (or combination thereof) - humans, domestic pets, livestock, and
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wildlife. Excessive fecal coliform contamination possesses a human health risk as well
as degrading receiving biotic ecosystems.

Point sources of fecal coliform consist primarily of large and small industries,
wastewater treatment plants, and MS4s. As authorized by the Clean Water Act, the
DWR regulates the NPDES permit program to control water pollution due to point
sources. Individual homes that are connected to a municipal system, use a septic system,
or do not have a surface discharge do not need an NPDES permit; however, industrial,
municipal, and other facilities must obtain permits if their discharges go directly to
surface waters. NPDES-Regulated Municipal and Industrial Wastewater Treatment
Facilities Discharges from wastewater treatment facilities may contribute fecal coliform
to receiving waters. Municipal treatment plants and industrial treatment plants are
required to meet surface water quality criteria for fecal coliform in their effluent. When
effluent coliform concentrations exceed surface water quality criteria, and result in
permit violations, action will be taken through the NPDES unit of North Carolina’s
Division of Water Quality. NPDES general permitted facilities are required to develop
pollution prevention plans to discharge domestic wastewaters from single-family
residences and other domestic discharges. The permitted flow of these facilities may not
in any case exceed 1,000 gallons per day. The facilities are required to measure BOD5,
total suspended residue, fecal coliform, and total residual chlorine (NCDENR).

Fecal coliform from nonpoint sources include those sources that cannot be identified as
entering the water body at a specific location. Nonpoint source pollution can include
both urban and agricultural sources and human and non-human sources. The nonpoint
sources of fecal coliform in the water bodies include wildlife, livestock (land
application of agricultural manure and grazing), urban development (stormwater runoff,
including sources from domestic animals), failing septic systems, and sewer line
systems (illicit connections, leaky sewer lines and sewer system overflows).

Table 1 - Potential Sources of Fecal Coliform Bacteria in Urban and Rural Watersheds
(Source: Center for Watershed Protection, 1999)

Source Origin Type Source

Combined sewer overflows

Sanitary sewer overflows

Sewered watershed - -
lllegal sanitary connections to

storm drains

Human Sources Failing septic systems

Poorly operating package
Non-sewered watershed plants

Landfills

Marinas

Domestic animals and urban Dogs, cats, rats, raccoons,
wildlife pigeons, gulls, geese, ducks

Non-human Sources Cattle, horses, poultry, beavers,

Livestock and rural wildlife
muskrats, deer, waterfowl

Other Hobby farms
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Land use can contribute to fecal coliform runoff. Agricultural land alongside a stream
would contribute fecal coliform from livestock and manure applications. In addition,
when cattle have direct access to streams, feces may be deposited directly into a stream.
Runoff from urban surface is also a potentially significant source of fecal coliform
loadings. Urban lands may contribute fecal coliform from pets such as dog and cats.
Wildlife feces in runoff may be a frequent source of fecal coliform loading where forest
dominates the streamside.

Fecal coliform can originate from various urban sources. These sources include pet
waste, runoff through stormwater, sewers, illicit discharges/connections of sanitary
waste, leaky sewer systems, and sewer system overflows. Fecal coliform contamination
can be profound when sewer pipes are clogged or flooded by stormwater. Infiltration of
rainfall can enter the sewer system through cracks and leaks in pipes. This additional
flow volume, in combination with the existing sewer flow, can exceed the capacity of
the system resulting in a sanitary sewer overflow (TMDL Final Report, NCDENR
Salem Creek Watershed).

Introduction

In April 2013, the city of Winston-Salem received a revised NPDES permit from North
Carolina Division of Water Quality (NCDWR). This revised NPDES permit simplified
the TMDL implementation plan for stormwater Phase | communities; municipalities
must develop and implement appropriate BMPs (within the NDPES permit’s six
minimum measures?) to address waste load allocations (WLA) to the maximum extent
practical (MEP). As a result, the city’s success of achieving its WLA is not evaluated
on attaining NC Water Quality Standards (WQS). The tangible reduction of fecal
coliform loadings to impaired waters will be achieved by the continued implementation
of appropriate stormwater BMPs to remove pollution sources.

NCDWR has determined that 12.0 miles of Salem Creek are impaired due to fecal
coliform pollution for the entire stream length. MapTech-HDR (2005) used antibiotic
resistance analysis (ARA) to positively identify four sources of fecal coliform within
Salem Creek - domestic pets, wildlife, humans, and livestock. When quantifying the
number of identifiable statistical significant isolates found in MapTech’s study, the
following prevalence ranking emerges (with examples):

1. Wildlife

2. Domestic pets
3. Humans

4. Livestock

! The NPDES stormwater permit contains six minimum measures that a permittee must create,
implement, and maintain for program compliance. These six measures include public education, public
involvement and participation, illicit discharge detection and elimination, construction site runoff
controls, post-construction site runoff controls, and pollution prevention and good housekeeping for
municipal operations. In addition to these minimum measures, stormwater permit holders must evaluate
stormwater discharges by industrial users, assess and monitor water quality within local streams, and
comply with MS4 waste load allocations.
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Based upon the load duration curve for Salem Creek, livestock contribute a greater
loading of fecal coliforms during storm events, while human and wildlife sources
dominant loadings during baseflow conditions (NCDWR 2005). The percentage of
fecal coliform reduction loading from the municipal separate storm sewer system (MS4)

is 93 percent, which correlates to a waste load allocation of 3.925x1012 colony forming
units (cfu) per a day (NCDWR 2005). Table 2 summarizes this information, which is
posted below.

Table 2 - Estimated Percent Reduction by Source for Fecal Coliform (represented in
cfu/day) for the Salem Creek Watershed
(Source: NC Division of Water Quality, 2006)

WLA | WEAMSA LA MOS TOTAL
- NPDES
E;:f’,ggg,)l'oad 454x10" | 4.22x10° | 1.07x10" - 5.74x10"
I('C?cﬁ?d?;;ocation 454x10° | 295x10° | 7.37x10" | 9.14x10° | 9.14x10"
I:%eerdcl?cnttion 0 93.0 93.1 - 84.1

BEST MANAGEMEMENT PRACTICES (BMPs)
For Permit Year 2013 — 2014

BMP A — Updated Salem Creek Watershed Maps (including the
contributing tributaries of Brushy Fork Creek and Peters Creek) of
Stormwater Major Outfalls and Streams

The City of Winston-Salem contracted HDR Engineering to locate, characterize, and
digitalize all major outfalls within the Salem, Brushy Fork, and Peters Creek
Watersheds. In addition, HDR Engineering performed hydrologic modeling of the MS4
to evaluate the MS4’s hydraulic capacity during different storm event regimes. HDR
Engineering completed evaluating these watersheds in 2011 with a revised reassessment
date in Permit Year 2017. As a result of the assessment, 785 new major outfalls were
discovered and incorporated into the city’s GIS program.

In the interim, the Stormwater Division has implemented flow process mechanisms to
capture new major outfall data. These measures include:
e Electronic as-built plans of infrastructure modifications from the private
development community to the maximum extent practical (MEP)
e City will contract with an engineering consultant (and registered land surveyor)
to perform a comprehensive field assessment to discover new major outfalls
e Confirmation of major outfall status by Stormwater technical staff during annual
stream-walking observations
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e Post-construction plan reviews that involve major outfall modifications
e Confirmation of major outfall status by Stormwater Inspector during industrial

surface water inspections

e Asacomponent of illicit discharge compliance program, Stormwater technical
staff will perform a comprehensive assessment of an industrial (or land use
zoned) facility’s major outfalls (and infrastructure) and update the city’s
stormwater inventory system, as needed

BMP B — Existing Measures to reduce MS4’s Waste Load Allocation

The City of Winston-Salem is implementing various structural and nonstructural BMPs
to achieve its waste load allocation (WLA) for fecal coliform reduction within the
Salem Creek Watershed. The Stormwater Division has commenced these BMPs for

program implementation:

Existing Measures

Status

Explanation to Reduce Pollutant of
Concern

Central District PTRP Wet Pond —
captures first flush of runoff from the
adjacent Piedmont Triad Research
Park. In addition, 355 acres of ultra-
urban drainage area discharges to the
pond. Pond has a surface area of 2.98
acres and average depth of ten feet (in
the lower pond).

100 percent complete

Designed to remove 85 percent TSS
removal from influent; since fecal
coliforms adhere to TSS, a reduction
in TSS should yield a fecal coliform
reduction of 50 percent. These
reductions pertain to the PTRP
drainage area only.

Utilities Construction &
Maintenance Division

*Pipe Bursting and Slipping Program
*Lift Station Repair and Rehabilitation
Program

*Flood Reduction Projects — Inflow
and Infiltration

100 percent
complete; on-going
operation

80 percent of the City’s sewer
collection system uses gravity for
transporting sewage to the POTW. As
a result, a significant portion of sewer
truck lines are positioned adjacent to
streams. Once implemented,
engineered solutions eliminates the
exposure of sewerage to surface
waters.

Ilicit Discharge Detection and
Elimination Program (IDDE) - the
Stormwater Division performs fixed
interval sampling regime of 13 sites
across the City — 7 sites are located in
Salem, Brushy Fork, and Peters Creek
Watersheds.

100 percent
complete; on-going
operation

By proactively finding sanitary sewer
overflows (SSOs) and reducing the
quantity of sewage, the amount of
fecal coliform pollution is minimized.
As a result, the regeneration of fecal
coliform bacteria within the stream
matrix is reduced, which facilitates the
recovery of the biotic ecosystem at a
more rapid rate.

Stream Walking (IDDE Program
Component) — Stormwater staff
walked approximately 13 miles of
streams within the Salem, Brushy Fork,
and Peters Creek Watershed.

100 percent
complete; on-going
operation

By proactively finding and
eliminating illicit sewer discharges
and connections, staff reduces the
quantity of sewage released to surface
waters. As a result, the total amount
of released fecal coliform pollution is
reduced.

Public Education — Scoop-the-Poop
campaign. The public educator

100 percent
complete; on-going

By making pet owners aware of the
detriment of fecal coliform pollution,
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highlights the detriments of fecal
coliform pollution within a riverine
ecosystem as well as ‘factoids’ of feces
(e.g. the amount of fecal coliform
bacteria per a gram of fecal matter, the
average weight of a dog’s bowel
movement, etc.)

operation

the Stormwater Division wishes to
facilitate a behavioral change in
citizens. If citizens remove feces from
the open environment, the exposure of
fecal coliform bacteria to stormwater
runoff has been eliminated.

Pet Waste Stations - the City’s Parks
and Recreation Department installed
seven pet waste collection stations
within green spaces throughout
downtown Winston-Salem.

100 percent
complete; continuous
operation

Stations provide ease of access for pet
owners to discard fecal waste and
remove from the open environment.
To further encourage participation, the
City furnishes waste bags to the
public, which are positioned on top of
the waste reticle. By eliminating the
exposure of fecal matter to the runoff,
bacteria are not discharged into
waterways.

Pet Waste Ordinance — the City of
Winston-Salem has an in-force
ordinance that requires pet owners to
pick up fecal matter within its
municipal boundaries.

100 percent
complete; continuous
operation

By requiring pet owners to pick up
fecal matter from their pets, the
exposure of stormwater runoff to fecal
coliforms has been eliminated, thus
reducing the fecal pollution load to
receiving waters.

Erosion and Sediment Control
Ordinance — the City of Winston-
Salem has adopted and enforces its
Sediment and Erosion Control
Ordinance, as per the 1973
Sedimentation Control Act. Erosion
control devices must be installed and
maintained for disturbed areas greater
than 10,000 square feet in order to
retain soils on-site.

100 percent
complete; continuous
operation

Fecal coliforms are transported to
receiving waters by soil particles. In
addition, fecal coliform bacteria
become resuspended once discharged
into the water matrix. As a result,
fecal coliform bacteria proliferate at
an increased rate and degrade surface
waters more rapidly. Thus, a
decreased sediment load yields
reduced fecal coliforms to receiving
waters.

SUSTAIN Modeling Study — A
consultant preformed an EPA
SUSTAIN model for the Salem Creek
Watershed. Eleven structural BMPs
were identified for installation or
retrofit.

100 percent complete

Based upon screening criteria, the
consultant determined that eleven sites
could be retrofitted or installed for
bioretention cells or stormwater wet
ponds. The modeling results showed
that these eleven sites may produce a
1.9 percent reduction of fecal coliform
pollution. The associated costs would
total $15,113,135.

Ditch Repair and Stabilization
Program — the Streets Division hires a
private contractor to repair and stabilize
ditches within the public right-of-way.

100 percent
complete; continuous
operation

The Streets Division assesses and
prioritizes earthen conveyance swales
that serve as drainage for ribbed and
paved roadways. A private contractor
restores channel capacity to the ditch
by removing trash, sediment, or
excessive vegetation. If needed, the
contractor reestablishes vegetative
cover within the ditch line in order to
eliminate sedimentation to receiving
waters.

Salem Creek TMDL Implementation Plan






Fats, Oil, and Grease (FOG) Grease and oil are the second-leading
Reduction Program — the City/County cause of sewer overflows that reach
Utilities Division has adopted and surface waters within the City of
implemented a FOG Reduction Winston-Salem. By requiring
Program to remove excess cooking and 100 percent grease/oil interceptors to be properly
petroleum oils and grease prior to complete; continuous | maintained, these passive devices can
entering the sewer collection system. operation effectively retain grease from entering
Responsible parties must have their the sewer collective system. Asa
grease/oil separators pumped out by result, the quantity of released sewage
licensed haulers at scheduled (and fecal coliforms) is reduced to
frequencies. streams.

BMP C — Assessment of Available Monitoring Data

Since 2008, the Stormwater Division has collected fecal coliform samples from 52
major stormwater discharge outfalls within Salem, Peters, and Brushy Fork Watersheds.
Stormwater staff performed fecal coliform sampling during dry and wet weather
conditions with over 261 samples collected and analyzed. When assessing fecal
coliform sample concentrations, staff observed numerous trends from the database.
These observations include:

e During wet weather conditions, all fecal coliform samples were above 400
cfu/100 milliliters. A majority of this sample population exceeded 1,000
cfu/100 milliliters.

e Dry weather sampling results showed an inconsistent pattern of fecal
coliform exceedences. When staff sampled the same outfall at differed time
intervals, fecal coliform concentrations oscillated above or below the water
quality standard for Class C waters.

e The Stormwater Division identified the positive correlation of an
independent variable to fecal coliform concentrations. As ambient
temperature increases, so does fecal coliform concentrations within local
streams.

e A very weak correlation exists between fecal coliform concentrations and
upland land use; insufficient evidence for predicting or isolating fecal
coliform sources.

BMP D — Monitoring Plan (proposed modifications to existing plan)

The Stormwater Division performed a comprehensive program evaluation of its TMDL
monitoring plan in order to become more efficient and effective. Implementation of
these improved screening and trending methods is scheduled for FY 2014 — 2015. The
Stormwater Division intents to implement the following proposed modifications to
existing plan:
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e Obtain absolute (i.e. exact) fecal coliform concentrations in stream
segments to establish an impairment priority ranking, through aliquot
dilution.

e Predict impaired stream segments using the GIS matrix as a starting
point for sampling locations. The stream segments with the greatest
raster density (based upon data points per a unit of area) become targeted
sampling areas.

e Sample targeted subwatersheds during varying weather conditions. The
approved Salem Creek TMDL states that fecal coliform violations occur
between 10 — 75 percent of days flow exceeded.

e Concentrate sampling efforts in first order streams (near/at confluence
with second order streams) and adjust future locations based upon
sample results. If sample results above 400 cfu/100 milliliters
(geometric mean value), move upstream to finger tributaries. If below,
move downstream to the next confluence point.

e Develop a priority ranking hierarchy based upon fecal coliform loadings
and raster data density (e.g. a tiered system).

e Verify that a fixed, in-stream sampling site exists for purposes of a
baseline assessment within Salem Creek (e.g. Elledge WWTP); quarterly
frequency is recommended.

e Include sediment samples for fecal coliform testing at fixed sampling
sites.

e Instantaneous water quality indicators to be obtained at each sampling
event: water temperature, solar radiation conditions (e.g. sunny,
overcast) total dissolved solids, conductivity, pH, dissolved oxygen
(milligrams per a liter and percent saturation), and rainfall amount or
time since last rainfall.

e Limit the number of samples for same weather condition to three
consecutive samples

e Once pollutant loadings have been established for impaired stream
segments, compare these loadings against the GIS matrix. Determine
which independent variables are causing the impairness and consider the
appropriate six minimum measure(s) that could be implemented for
reducing waste allocations.

e Create and implement quality control/quality assurance measures (e.g.
three percent of total samples are field blanks)

e Ensure proper sampling techniques are being followed when conditions
allow

e Perform before versus after sampling for fecal coliform concentrations at
predetermined stormwater discharge outfalls (for nonstructural BMPS) or
effluent discharge points (for structural BMPSs) in order to determine the
estimated waste load reduction.
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BMP E — Additional Measures for Implementation

Additional Measures: The City of Winston-Salem anticipates the implementation of
numerous nonstructural BMPs in order to expand current pollutant reduction strategies
within the Salem Creek Watershed. By expanding current BMP strategies to the
maximum extent practical, the City hopes to benefit from synergic pollutant reductions
within the targeted watershed. The following matrix presents the City’s expanded
measures (with corresponding explanations) in order to reduce fecal coliform loadings
within the Salem Creek Watershed:

Additional Measures

Explanation of Desired Outcomes

Responsible Staff for
Implementation

Perform Goodhousekeeping
Awareness Training with local
Animal Shelters

By evaluating current business practices, the
Stormwater Division wishes to provide
local shelters with new or modified cleaning
methods to prevent or eliminate fecal
coliform exposure to the open environment.

Community Educator

Stormwater Inspector

Perform a collaborated
awareness program with the
City’s Parks and Recreation
for signage and pet waste
collection station
implementation at frequently
used municipally-owned areas.
In addition, a stormwater
representative will perform on-
site educational presentations
with park users.

The Stormwater Division wishes citizens to
have a heightened awareness of the
detrimental effects of bacterial pollution to
receiving waters. Thus, the overarching
goal of this measure is to highlight the
importance of collecting pet waste and
eliminating the exposure of fecal coliforms
to runoff.

Community Educator

Parks and Recreation
staff

Facilitate a private-public
partnership for pet waste
receptacle placement in
common areas of high density
residential housing.

By having readily access to disposal bins,
the Stormwater Division anticipates targeted
residents to use waste stations rather than
leaving fecal matter on the ground.

Community Educator

Create and implement a rain
garden training program for
treating runoff from residential
properties.

The Stormwater Division will provide
technical knowledge as well as rain garden
plants and soil media for BMP construction.
Stormwater runoff will infiltrate into the
garden and eliminate discharge into the
MS4.

Stormwater Engineer

Stormwater Director

Create GIS layers for
independent variables of fecal
coliform contamination to
validate appropriate BMPs
implementation.

By importing independent variable data
(e.g. sewer pipe and material type, per
capita of pet ownership, etc.), the
Stormwater Division analyses and
prioritizes subbasins for fecal coliform
contamination. This GIS analysis will
allow Stormwater staff to effectively select
appropriate BMPs for implementation.
Hopefully, staff will be able to prove
significant pollutant reduction within
targeted subbasins.

Stormwater Technicians

Special Projects
Coordinator

Evaluate municipal operations
and general stormwater-

The goal of this nonstructural control
measure entails the modification of work

Stormwater Inspector
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permitted industrial facilities
for opportunities of fecal
coliform reduction.

practices to eliminate fecal coliform
exposure to the environment. By
eliminating fecal coliform exposure, the
overall waste load allocation is reduced.

Generate a comprehensive list
of municipal facilities that
would benefit from
retrofitting/constructing
structural control measures.
Prioritize sites and coordinate
with responsible parties for
measure planning and design
activities.

By designing and implementing structural
control measures for removing fecal
coliforms from MS4 discharges, the City
will reduce bacterial pollution to receiving
streams.

Stormwater Inspector

Stormwater Engineer

City staff

Create and implement
confirmation methodology for
locating failing septic tank
systems within the City of
Winston-Salem

Failing septic tanks contribute human fecal
coliform loading to the MS4, if illicit
discharges are allowed to persist. By
refining the City’s IDDE protocols for
failing septic tanks, the City will achieve
greater success in obtaining its waste load
allocation.

Stormwater Technicians

Create and implement a water
quality sampling program for
‘at-risk’ areas of exfiltration
from the City’s sewer
collection system. After
significant storm events,
Stormwater staff will sample
the downstream stream for
sewage indicator pollutants in
order to minimize the quantity
of released sewage.

The Utilities Division has modeled and
identified areas of exfiltration within the
sewer collection system. Since 80 percent
of sewer collection system is adjacent to
surface waters, the likelihood of a SSO
remains great. Therefore, a proactive
program of mitigating released sewage to
waterways remains paramount.

Stormwater Technicians

Utilities Construction &
Maintenance Engineer

Explore new methodologies of
locating and removing failing
septic tank systems from
discharging into receiving
surface waters.

Current procedures for discovering failed
septic tank systems rely on passive
techniques. By utilizing GIS tools in
conjunction with innovative techniques, the
Stormwater Division wishes to proactively
locate potential ‘hot spots’ of septic tank
failures.

Forsyth County
Department of Health

Stormwater Technicians

Perform water quality
sampling of stormwater
discharge outfalls from
municipally-owned properties
that have a great potential to
contribute fecal coliform
pollution to streams. The
purpose of this sampling effort
is to confirm the justification
of designing and constructing
structural control measures to
treat stormwater runoff.

By validating fecal coliform pollutant
concentrations, the Stormwater Division is
able to justify and prioritize capital
improvement funds for structural control
measure expenditures. The Stormwater
Division can maximize the pollutant
removal efficiency per a dollar spent. An
overall reduction to the City’s WLA is
expected from implementing structural
control measures.

Stormwater Technicians

Stormwater Engineer

Locate, inspect, and sample
treated wastewater from
NPDES-permitted sand
filters/package plants for fecal
coliforms. If the effluent

The continuous, effective operation of an
on-site wastewater treatment device is

critical for achieving compliance with the
WQ Redbook Standard. By sampling the
effluent of these devices, the Stormwater

Stormwater Technicians

Stormwater Inspector
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concentrations exceed 400
cfu/100mL, report the
responsible party to NCDWR.

Division is confirming effective operation.
Exceedences of the WQ Standard constitute
a point source load of fecal coliforms to the
MS4. Removing coliform-laden discharges
will assist the Stormwater Division to meet
the City’s WLA.

N.C. Division of Water
Resources staff

Locate livestock populations
within the Salem Creek
Watershed. Assess the
potential of stream
access/proximity of livestock
populations. Compile
assessment results and
incorporate into the
Stormwater Division’s GIS.

The overall goal of this action item is to
evaluate the potential of fecal coliform
contamination from agricultural areas.
Once livestock fecal coliform sources are
identified, the Stormwater Division can
propose and implement non/structural
control measures to treat or reduce fecal
coliform loadings to Salem Creek.

Stormwater Technicians

Designate a program
coordinator to oversee and
manage the routine
maintenance of all City-owned
structural control measures
within the City of Winston-
Salem.

By ensuring the effective and continuous
operation of City-owned wetlands, wet
detention ponds, and bioretention cells, the
maximum fecal coliform die-off rates can
be achieved. Maintenance activities will
focus on conditions for maximum mortality
rates such as: minimal tree canopy cover,
sediment, trash, debris removal, and
promotion of riparian buffers along
applicable BMPs to deter waterfowl.

Stormwater Engineer

Stormwater Director

Street sweeping activities in
‘hot spot’ areas within the
Salem Creek Watershed that
focuses on strategic timing and
location.

Fecal coliform bacteria are transported into
receiving streams by adsorbing onto soil
particles. By increasing the frequency of
street sweeping in designated areas, the City
will eliminate the transport mechanism, thus
reducing the fecal coliform loading within
the Salem Creek Watershed.

Assistant
Transportation Director

Stormwater Director

Continued rehabilitation of
infrastructure collection
systems (sanitary sewer and
stormwater) for continuous
and effective operation

Aging infrastructure creates conditions that
permit fecal coliform pollution to persist,
which include hydraulic overloading,
sedimentation due to structural failures, and
riverine flooding. Rehabilitation
improvement projects will reduce fecal
coliform loading by eliminating failure
causes.

Utilities Construction &
Maintenance Division

Streets Division

Social media campaign to
target specific demographics
regarding proper handling of
pet waste.

By creating and implementing an engaging
social media strategy, the Stormwater
Division anticipates that targeted audiences
will retain take-away messages as well as
increase its number of
friends/subscribers/followers on social
media. As a result, the Division hopes that
pet owners will change their behavior and
remove feces from the open environment.
Thus, the exposure of fecal coliforms to
rainfall will be eliminated.

Community Educator

Marketing and
Communications
Department

Salem Creek TMDL Implementation Plan
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BMP F — Implementation Plan

The City of Winston-Salem plans to implement the following structural and
nonstructural BMPs in order to reduce fecal coliform pollution within the Salem Creek
Watershed, in accordance with permit requirements.

Structural/Nonstructural
Control Measures

Explanation of Desired Outcomes

Status and Schedule

Washington Dog Park —a 950
square feet bioretention cell will
receive the first inch of
stormwater runoff from the
upland 3.48 acre drainage area.
Storm flows greater than the
first inch will be diverted to
Salem Creek. Vegetative
Management and Streets
Drainage Divisions will
perform routine maintenance on
the bioretention cell.

The Washington Dog Park is located
within 75 feet of Salem Creek’s top of
bank. The park is the only and most
heavily-used dog recreational area
within Winston-Salem. A pet waste
receptacle is positioned at the park’s
only access point; the total elimination
of fecal coliform bacteria from the open
environment remains unachievable to
obtain. Thus, the permanent
installation of a bioretention cell will
remove the residual fecal matter from
stormwater runoff. The anticipated
pollutant removal of fecal coliform
bacteria should be approximately 80
percent.

Stormwater staff will seek
CIP funding from the City
Manager’s Office for
approximately $40,000.
Construction activities
should commence in July
2017.

Sanitation Collection Truck
Storage Yard — the City’s
Property Maintenance Section
is redesigning a new storage
facility for sanitation collection
trucks. Stormwater runoff from
the proposed storage area will
be conveyed into an oil water
separator, which discharges into
the facility’s stormwater wet
pond.

This treatment train is designed to
significantly reduce fecal coliform
pollution through solid separation,
exposure to ultraviolet radiation, and
natural predation from protozoan
organisms within the wet pond.

This BMP is contingent
upon bond procurement,
thus an approximate
implementation schedule is
pending. Once funds
become available, the
Stormwater Division will
develop a project schedule.

City of Winston Salem, Parks
and Recreation Maintenance
Facility/Reynolds Golf Course
— a substantial Canada Geese
population as well as numerous
wildlife sightings/scat
observations have prompted
staff to design a bioretention
cell for capturing and removing
fecal coliform bacteria.

An area of the golf course is located
adjacent to Berry Branch, a tributary of
Salem Creek. By intercepting
stormwater runoff and routing through
a bioretention cell, fecal coliform load
reduction should increase to 80 — 90
percent.

On-goings basin studies are
verifying project viability.
Staff will perform water
quality sampling of
stormwater discharge
outfalls to confirm fecal
coliform loading in 2015.
Once confirmed, the project
should commence by June
2018.

Salem Creek TMDL Implementation Plan
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TMDL Monitoring Plan —a
program evaluation was
performed by staff, which
revealed several information
gaps within the monitoring
plan. In order to devise a
clearer and effective strategic
TMDL masterplan, the
Stormwater Division will
implement new sampling
procedures to identify and
quantify fecal coliform loadings
from contributing drainage
areas.

By incorporating new procedures into
its Monitoring Plan, the Stormwater
Division will be able to prioritize
drainage areas for stormwater
management controls. In addition,
Stormwater staff becomes able to
determine the appropriate
nonstructural/structural control
measures for implementation. A pilot
study may result in a statistical
correlation of workload measures to
actual waste load allocation reduction.

New sampling procedures
have been finalized with
Stormwater staff being
trained on program
amendments. The new
sampling procedures will be
implemented by July 2014.

Wildlife Management
Initiative — urban wildlife
constitutes the largest source of
fecal coliform loading to the
MS4. By implementing new
nonstructural and structural
control measures (in
conjunction with the NC
wildlife Commission), the City
hopes to reduce its waste load
allocation within the Salem
Creek Watershed.

Since the City needs to reduce fecal
coliform loadings from the MS4 by 93
percent, this isolate group provides the

largest promise of waste load reduction.

As a result, the City wishes to reduce
fecal coliform loading to the MS4
through the combination of
nonstructural and structural BMPs,
such as goose deterrent systems,
bioretention cells, and exclusory
devices.

This program initiative is
being developed by the
Stormwater Division as
well as the NC Wildlife
Commission. Due to the
complexity of this initiative,
the Stormwater Division
hopes to implement control
measures by June 2017.

Salem Creek Structural
Control Masterplan —a
consultant performed an
assessment of the Salem Creek
Watershed in order to generate
a prospective list of sites for
structural control measure
placement. Once identified,
computer modeling was used to
develop a priority ranking
system for BMP type, size, and
projected costs.

The masterplan serves as a long-term
strategic blueprint to achieving the
MS4’s waste load allocation. By
strategically placing structural control
measures on sites with high pollutant
loadings, the Stormwater Division is
able to validate the cost-effectiveness
and removal efficiency to the public,
elected officials, and the City
Manager’s Office. In addition, the
Stormwater Division will develop a
long-term capital improvement project
preforma spending plan for Council’s
approval.

This structural control
measure masterplan was
completed and delivered to
the Stormwater Division in
July of 2013. Due to fund
availability and project
prioritization order, the first
designated bioretention cell
for implementation is
scheduled to be operational
by the Summer of 2020.
Since 15 sites were selected
for BMP retrofit/installation
opportunities, the
Stormwater Division
projects BMP
implementation to continue
until 2035.

Salem Creek TMDL Implementation Plan
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BMP G — Documentation of WLA Incremental Success

The Stormwater Division plans to utilize various databases (e.g. GIS, Microsoft Excel
database, and Microsoft Access database) to document, analyze, and report incremental
successes to achieve WLA reduction. In addition, the geodatabase platform serves as
multifunctional networking tool for other internal or external governmental entities for
sharing information. The methodology used for documenting measure success (and
ultimately, wasteload reduction) depends on measure type (i.e. nonstructural and
structural). However, the Stormwater Division has adopted the below-posted
departmental standards for validating actual pollutant reduction loading to the
effectiveness of implemented control measures. These standards include:

e Perform water quality sampling before and after control measures have
been implemented at major stormwater discharge outfalls. This
methodology allows staff to determine the casual relationship of
measure(s) effectiveness to actual pollutant reduction. Since water
quality samples will collected during varying weather conditions, the
overall trend in percent reduction should become evident over a period
of time. The Stormwater Division realizes that other variables may
cause anomalies or ‘outliers’ within trending data, but overall long-term
declining percentages should be able to validate implemented control
measures.

e Long-term data (four to five years) will be needed to provide observable
deductions in wasteload allocation reductions within subwatersheds.
Due to the dynamic nature of biological ecosystems as well as the large
percentage of pollutant reduction required, the Stormwater Division
needs a substantial data population (n = 20) to correlate a percent
reduction.

e Fecal coliform concentrations are interval data — a common standard is
used to derive colony-forming units (cfu) per 100 milliliters of sample.
Therefore, every effort should be spent to use statistical correlation in
order to predict source origins to select or refine appropriate BMPs for
WLA reduction.

e Perform pre/post surveys to determine a percentage of heightened
awareness of fecal coliform reduction methods or strategies in order to
validate MEP for WLA reduction. If a pilot study is conducted for the
effectiveness of public education to actual reduction within a drainage
area, perform the study in accordance with the scientific method (i.e.
experimental vs. control drainage area of random populations).

e Whenever possible, use scientific journal articles (or similar
professionally peer-reviewed literature), quality controlled/assured
laboratory analyses (from a North Carolina certified laboratory), or
professional engineered-sealed material when validating reduction
methodologies for this TMDL Implementation Plan. Any best
professional assumptions must be qualified with footnotes within
supporting documents.
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In order to track and report fecal coliform load reductions, all nonstructural and
structural control measures are recorded into the Stormwater Division’s GIS. The
City’s GIS Matrix provides a quantitative representation of drainage areas with elevated
fecal coliform loading as well as most probable contributing isolate source(s). These
suspect outfalls will be sampled for fecal coliforms concentrations in order to create a
contribution load ranking as well as developing pre-BMP implementation pollutant
loadings. Once nonstructural and/or structural BMPs have been successfully
implemented, staff will sample the stormwater discharge outfall (for nonstructural
BMPs) or effluent discharge point (for structural BMPS) in order to obtain the
eliminated waste load (and percentage) from receiving waters. A cumulative table (e.g.
Excel spreadsheet) will track all removed pollutant loading within the Salem Creek (and
contributing tributaries) Watershed. Staff will continue to collect fecal coliform
samples at a baseline monitoring station, which is positioned within the bottom reach of
the watershed. This baseline station will confirm the overall reduction of fecal
coliforms concentrations within the watershed. By continued efforts of BMP
implementation, the City of Winston-Salem strives to achieve its waste load allocation
reduction.

The Stormwater Division envisions that the City’s Geographical Information System
(GIS) will serve as a central hub of tracking and reporting its WLA successes. This GIS
database possesses full integration capabilities with Microsoft Access, Word, and Excel
as well as statistical analysis tools, basic modeling functions, and data storage (e.g. fecal
coliforms concentrations) ability. The multifunctional nature of GIS will allow for
future expansion and adaptability as regulatory demands dictate program direction as
well as achievable waste load reduction.
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TMDL Summary Sheet

1. 303(d) List Information

State: North Carolina
Counties: Rowan, Forsyth
Basin: Yadkin- Pee Dee River Basin

Hydrologic Unit Code (HUC): 03040101170 (Salem Creek)
03040103010 (Grants Creek)

Waterbody Description | Assessment Class | Subbasin | Impairment | Miles
Name Unit (AU):

Salem Creek From 12-94-12-(4) C 03-07-04 Fecal 12.0
(Middle Fork Winston- Coliform
Muddy Creek) Salem
Water
Supply Dam
(Salem
Lake) to
Muddy
Creek

Grants Creek From SR 12-110b C 03-07-04 Turbidity 1.2%*

1910 to

Yadkin
River

** The impairment length of Grants Creek is incorrectly listed on the 303(d) list as 1.2 miles. The
actual impairment length is 4.2 miles. This will be corrected in the next version of the 303(d) list.

Constituents of Concern: Fecal Coliform Bacteria (Salem Creek) and Turbidity
(Grants Creek)
Reason for Listing: Standard Violations

Applicable Water Quality Standards: For Class C waters:
e Turbidity: not to exceed 50 NTU

e Fecal coliform shall not exceed a geometric mean
of 200/100 ml (membrane filter count) based
upon at least five consecutive samples examined
during any 30 day period, nor exceed 400/100 ml
in more than 20 percent of the samples examined
during such period.





2. TMDL Development

Development Tools:  Load duration curves based on cumulative frequency distribution of

flow conditions in the watershed. Allowable loads are average loads
over the recurrence interval between the 95™ and 10™ percent flow
record (excludes extreme drought (>95th percentile) and floods (<10th
percentile). Percent reductions expressed as the average value
between existing loads (typically calculated using an equation to fit a
curve through actual water quality violations) and the allowable load
at each percent flow exceeded.

Critical Conditions:  Critical conditions are accounted in the load curve analysis by using

an extended period of stream flow and water quality data, and by
examining at what flow (percent flow exceeded) the existing load
violations occur.

Seasonal Variation: Seasonal variation in hydrology, climatic conditions, and watershed

activities are represented through the use of a continuous flow gage
and the use of all readily available water quality data collected in the
watershed.

3. TMDL Allocation Summary

Pollutants/Watershed | Existing WLA LA MOS TMDL Percent
Exceeding Reduction’
Load

I. TSS (tons/day)

Grants Creek [ 8.03 10.683  [4.17 1 0.68 | 5.54 [ 31.0%

I1. Fecal Coliform (colony forming units (cfu)/day)

Salem Creek | 5.74E12 | 7.49E11 | 7.37E10 | 9.14E10 | 9.14E11 | 84.1%

1. Percent reduction represents overall TMDL reduction - calculated as:
(Existing Load — TMDL)/Existing Load

Notes:
1.
2.

3
4,

LA =TMDL - WLA — MOS.

TMDL represents the average allowable load between the 95™ and 10™ percent recurrence
interval.

Explicit (10%) and implicit Margins of Safety are considered.

Turbidity is not a concentration and, as a measure, cannot be directly converted into
loadings required for the TMDL. Total suspended solids (TSS) was therefore selected as the
surrogate measure for turbidity and used to develop the TMDL target and limits (USEPA
1999).

Overall reduction is based on the instantaneous standard of 400 cfu/100ml and is assumed to
be more stringent than the geometric mean standard.
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4. Contributing Municipalities TMDL Allocation Summary

Watershed

Municipalities

Salem Creek

Winston-Salem

Kernersville

Walkertown

Grants Creek

Salisbury

China Grove

Landis

5. Contributing NPDES Facilities TMDL Allocation Summary

Permit -
Watershed Number Owner Facility Name
Salem Creek NC0037834 City of Winston Salem Archie Elledge WWTP
NC0034703 Rowan-Salisbury Knollwood Elementary School
Schools
Grants Creek NC0037184 Lakes@e Investment Oak Haven Mobile Home Park
Properties
NC0042439 Westside Swim & Westside Swim & Racquet Club
Racquet Club

6. Public Notice Information

Summary:

A draft of the TMDL was publicly noticed
through various means. The TMDL was public
noticed in the relevant counties through two local
newspapers (Salisbury Post on May 3, 2006 and
Winston-Salem Journal on May 4, 2006,
Appendix D). The TMDL was also public
noticed on May 1, 2006 through the North
Carolina Water Resources Research Institute
email list-serve (Appendix D). Finally, the
TMDL was available on DWQ’s website
http://h20.enr.state.nc.us/tmdl/ during the
comment period. The public comment period
lasted until June 2, 2006. Two written comments
were received, both from NC Department of
Transportation. DWQ’s responses to those
comments are provided in Appendix E of the
TMDL report.
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Did notification contain specific mention of | Yes
TMDL Proposal?

Were comments received from the public? | Yes

Was a responsiveness summary prepared? | Yes, see Appendix E of the TMDL report

7. Public Notice Date: May 1, 2006
8. Submittal Date: July 21, 2006
9. Establishment Date: September 25, 2006

10. EPA Lead on TMDL (EPA or Blank):

11. DOT a Significant Contribution (Yes or Blank):
a. DOT a Significant Contribution in Grants Creek (Yes or Blank):
b. DOT a Significant Contribution in Salem Creek (Yes or Blank):
12. Endangered Species (Yes or Blank):
a. Endangered Species in Grants Creek (Yes or Blank):
b. Endangered Species in Salem Creek (Yes or Blank):
13. TMDL Considers Point Source, Nonpoint Source, or Both: Both
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1.0 Introduction

1.1 TMDL Definition

This report presents the development of Total Maximum Daily Loads (TMDLs) for two
waterbodies in North Carolina: Salem Creek and Grants Creek. Both waterbodies are located in
the Yadkin-Pee Dee River Basin (Figure 1.1). As identified by the North Carolina Division of
Water Quality (DWQ), the impaired segments of the two waterbodies are described in Table 1.1.

Figure 1.1. Location of Yadkin River Basin within North Carolina.

Table 1.1. Description of Impaired Segments for Grants Creek and Salem Creek.

Waterbody Description Assessment Class Subbasin Impairment | Miles
Name Unit (AU):
Salem Creek | From Winston- | 12-94-12-(4) C! 03-07-04 Fecal 12.0
(Middle Salem Water Coliform
Fork Muddy | Supply Dam
Creek) (Salem Lake)
to Muddy
Creek
Grants From SR 1910 12-110b C 03-07-04 Turbidity 4.2°
Creek to Yadkin
River

" Class C waters are protected for secondary recreation, fishing, wildlife, fish and aquatic life propagation and
survival, agriculture and other uses suitable for class C. There are no restrictions on watershed development or
types of discharges.

2 The impairment length of Grants Creek is incorrectly listed in the 303(d) list as 1.2 miles. The actual impairment
length is 4.2 miles.

Section 303(d) of the Clean Water Act (CWA) requires States to develop a list of water bodies
that do not meet water quality standards or have impaired uses. The list, referred to as the 303(d)
list, is submitted biennially to the U.S. Environment Protection Agency (USEPA) for review.
The 303(d) process requires that a Total Maximum Daily Load (TMDL) be developed for each
of the waters appearing on Category 5 of the 303(d) list.





1.2 TMDL Components

The objective of a TMDL is to allocate allowable pollutant loads to known sources so that
actions may be taken to restore the water to its intended uses (USEPA, 1991). Generally, the
primary components of a TMDL, as identified by USEPA (1991, 2000a) and the Federal
Advisory Committee (FACA) (USEPA, 1998) are as follows:

Target identification or selection of pollutant(s) and end-point(s) for consideration. The
pollutant and end-point are generally associated with measurable water quality related
characteristics that indicate compliance with water quality standards. North Carolina indicates
known pollutants on the 303(d) list.

Source assessment. All sources that contribute to the impairment should be identified and loads
quantified, where sufficient data exist.

Assimilative Capacity. Estimation or level of pollutant reduction needed to achieve water quality
goal. The level of pollution should be characterized for the water body, highlighting how current
conditions deviate from the target end-point. Generally, this component is identified through
water quality modeling.

Allocation of Pollutant Loads. Allocating pollutant control responsibility to the sources of
impairment. The waste load allocation portion of the TMDL accounts for the loads associated
with existing and future point sources. Similarly, the load allocation portion of the TMDL
accounts for the loads associated with existing and future nonpoint sources, storm water, and
natural background.

Margin of Safety. The margin of safety addresses uncertainties associated with pollutant loads,
modeling techniques, and data collection. Per EPA (2000a), the margin of safety may be
expressed explicitly as unallocated assimilative capacity or implicitly due to conservative
assumptions.

Seasonal Variation. The TMDL should consider seasonal variation in the pollutant loads and
end-point. Variability can arise due to stream flows, temperatures, and exceptional events (e.g.,
droughts, hurricanes).

Section 303(d) of the CWA and the Water Quality Planning and Management regulation
(USEPA, 2000a) requires EPA to review all TMDLs for approval. Once EPA approves a
TMDL, the water body may be moved to Category 4a of the 303(d) list. Water bodies remain on
Category 4a of the list until compliance with water quality standards is achieved. Where
conditions are not appropriate for the development of a TMDL, management strategies may be
implemented in an effort to restore water quality.





1.3 Water Quality Target: North Carolina Standards

1.3.1 Water Quality Standard for Turbidity

The North Carolina fresh water quality standard for Class WS-IV and C waters for turbidity

(T15A: 02B.0211) states:
The turbidity in the receiving water shall not exceed 50 Nephelometric Turbidity
Units (NTU) in streams not designated as trout waters and 10 NTU in stream,
lakes or reservoirs designated as trout water; for lakes and reservoirs not
designated as trout waters, the turbidity shall not exceed 25 NTU, if turbidity
exceeds these levels due to natural background conditions, the existing turbidity
level cannot be increased. Compliance with this turbidity standard can be met
when land management activities employ Best Management Practices (BMPs)
recommended by the Designated Nonpoint Source Agency. BMPs must be in full
compliance with all specifications governing the proper design, installation,
operation and maintenance of such BMPs.

1.3.2 Water Quality Standard for Fecal Coliform

The North Carolina fresh water quality standard for Class WS-IV and C waters for fecal

Coliform (T15A: 02B.0211) states:
Organisms of the coliform group: Fecal coliforms shall not exceed a geometric
mean of 200/100ml (MF count) based upon at least five consecutive samples
examined during any 30-day period, nor exceed 400/100ml in more than 20
percent of the samples examined during such period; violations of the fecal
coliform standard are expected during rainfall events and, in some cases, this
violation is expected to be caused by uncontrollable nonpoint source pollution,
all coliform concentrations are to be analyzed using the membrane filter
technique unless high turbidity or other adverse conditions necessitate the tube
dilution method, in case of controversy over results, the MPN 5-tube dilution
technique will be used as the reference method.

1.4 Watershed Description

Watershed areas were delineated either by solely using the USGS 14-digit hydrologic units, or
by a combination of the hydrologic units and the automatic delineation tools provided in version
3.0 of the Better Assessment Science Integrating Point and Nonpoint Sources (BASINS) system.

Salem Creek is located in the Yadkin-Pee Dee River Basin. The Salem Creek watershed is
located entirely within Forsyth County, and major parts of the watershed are located within the
incorporated limits of the city of Winston-Salem, Figure 1.2. The watershed is located within
hydrologic unit 03040101170060.
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Figure 1.2. Salem Creek Watershed and Surrounding Area.

Grants Creek is located in the Yadkin-Pee Dee River Basin. The Grants Creek watershed is
located entirely within Rowan County, and a part of the watershed is located within the
incorporated limits of the city of Salisbury, Figure 1.3. The watershed is located within
hydrologic unit 03040103010010.
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Figure 1.3. Grants Creek Watershed and Surrounding Area.

Population is measured in census blocks, which do not usually coincide with watershed
boundaries. Therefore, population information is grouped by county, as seen in Table 1.2. The
population totals in each county for 2000 and 2003 given, as well as percent change in these
values. The percent change statistic gives an estimate on the rate of growth in each county.

Table 1.2. Population Information for Relevant Counties.

Population
County Population, Percent | 2000 Population, 2003
Change, 1990 to Population percent change, | Population
2000 April 1, 2000
to July 1, 2003
Rowan 17.8% 130,340 2.8% 133,931
Forsyth 15.1% 306,067 3.8% 317,810

http://quickfacts.census.gov/qfd/states/37/37025.html

Land Use/Land Cover

The land use/land cover characteristics of the two watersheds were determined using the 1996
land cover data developed from the 1993-1994 LANDSAT satellite imagery. The North
Carolina Center for Geographic Information and Analysis (CGIA), in cooperation with the North
Carolina Department of Transportation (NCDOT) and the Environmental Protection Agency





Region IV Wetland Division, contracted Earth Satellite Corporation of Rockville, Maryland to
generate comprehensive land cover data for the entire state of North Carolina. The land use and
land cover (LULC) data used contains more detailed information than is presented in this report.
The original LULC data was grouped into five distinct groups: Forrest/Wetland, Cultivated Crop,
Urban, Water, and Pasture/Herbaceous. This categorization is modeled after the North Carolina
Basin Plans. Table 1.3 shows the area in acres for each of these categories in each watershed.

Table 1.3. Land Use Acreages and their Percent Compositions in the Two Watersheds.

Grants Creek Salem Creek
Area Area Area Area
Land Use (acres) (%) (acres) (%)
Forrest/Wetland 23,378 54 21,166 47
Cultivated Crop 2,688 6 58 0
Urban 2,298 5 11,352 25
Water 251 1 527 1
Pasture/Herbaceous 14,454 34 11,791 26
Total 43,069 100 44,894 100

Land use and land cover information is also provided graphically in the following figures. Salem
Creek land use land cover information can be found in Figure 1.4. Grants Creek land use land
cover information can be found in Figure 1.5.

I Waterbodies
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Figure 1.4. Land Use and Land Cover distribution in the Salem Creek Watershed.
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Figure 1.5. Land Use and Land Cover distribution in the Grants Creek Watershed.

1.5 Water Quality Monitoring

1.5.1 Fecal Coliform Monitoring in Salem Creek

The DWQ has one monitoring station on Salem Creek: Q2510000 at the Elledge water treatment
plant. The Yadkin Pee-Dee River Basin Association (YPDRBA) maintains three sampling
stations in Salem Creek: Q2540000 at West Clemmonsville Road, Q2570000 at Fraternity
Church Road, and Q2479455 at SR 2740 Reynolds Park Road. The locations of these stations
are shown in Figure 1.6. There are numerous qualifiers on the sampling data, which can be
found in Appendix Table A.1. In addition to the normal monthly samples, nine additional
samples were taken at two of the sites in the latter half of 2002 as a part of a special study. A
more detailed accounting of sampling can be found in Table 1.4. The samples that were
collected as part of the special study were further analyzed using Antibiotic Resistance Analysis
(ARA). Further details of this analysis can be found in Maptech-HDR (2005).





Table 1.4. Salem Creek Sampling

Number of Samples

. Sampling I 157 037 Approx1mate Exceeding Standard (400
Station . Samples Sampling . )
Period Collected Frequenc colony forming units
quency (cfu)/100 ml)
Q2479455 8/98-2/04 81 Monthly 22
Q2540000 8/98-2/04 67 Monthly 21
Q2570000 8/98-2/04 81 Monthly 29
Q2510000 8/98-3/04 61 Monthly 31

Q2479455

[ Salem Creek HUC
4 NC Ambient Monitoring Stations
* YPDRBA Sampling Stations

8 Miles

Figure 1.6. Water Quality Monitoring Stations in the Salem Creek Watershed.

1.5.2 Turbidity and TSS Monitoring in Grants Creek

There are two monitoring stations on Grants Creek: Q4540000 (maintained by YPDRBA at SR
1915 near Salisbury) and Q4600000 (maintained by the DWQ below Salisbury and Spencer
wastewater treatment plant). Locations of the stations are shown in Figure 1.7. A more detailed
accounting of sampling can be found in Table 1.5.





Table 1.5. Grants Creek Sampling.

. 1 Number of
Turbidity Uittty TSS TS5 Approximate Samples
. . Number of . Number of . .
Station Sampling 3 Sampling Sampling Exceeding
. amples . Samples
Period Collected Period Collected Frequency Standard
(50 NTU)
Q4600000 | 1/97-12/04 | 91 1/97-7/04 | 57 Monthly/Every | 10
Two Months
Q4540000 | 6/98-2/04 | 69 No 0 Monthly 6
Samples
= Grants Creek
pe= Grants Creek Impaired Length|
Streams
: Grants Creek Watershed
Monitoring Stations
IAGENCY
@ NCAMBNT Q4600000
O YPDRBA

Figure 1.7. Water Quality Monitoring Stations in the Grants Creek Watershed.
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2.0 Source Assessment

A source assessment is used to identify and characterize the known and suspected sources of
turbidity and fecal coliforms in the two watersheds. This section outlines the assessment
completed for the purpose of developing this TMDL. The NC Department of Environment and
Natural Resources (DENR) Geographic Information System (GIS) was used extensively for
these watershed characterizations.

2.1 General Sources of Turbidity

Turbidity is a measure of the cloudiness of water. In a water body, the cloudiness can be
enhanced due to silt and clay from watershed and stream erosion, organic detritus from streams
and wastewater, and phytoplankton growth. In this study, turbidity is measured in the
Nephelometric Turbidity Unit (NTU) and is significantly correlated with total suspended solid
(TSS).

2.1.1 Point Sources of Turbidity

Point sources are distinguished from nonpoint sources in that they discharge directly into streams
at a discrete point. Point sources of turbidity consist primarily of large and small industries,
wastewater-treatment plants, and Municipal Separate Storm Sewer System (MS4). As
authorized by the Clean Water Act, the DWQ regulates the National Pollutant Discharge
Elimination System (NPDES) permit program to control water pollution due to point sources.
Individual homes that are connected to a municipal system, use a septic system, or do not have a
surface discharge do not need an NPDES permit; however, industrial, municipal, and other
facilities must obtain permits if their discharges go directly to surface waters.

NPDES-Regulated Municipal and Industrial Wastewater Treatment Facilities Discharges from
wastewater treatment facilities may contribute sediment to receiving waters as total suspended
solids (TSS) and/or turbidity. Municipal treatment plants and industrial treatment plants are
required to meet surface water quality criteria for turbidity in their effluent. When effluent
turbidity concentrations exceed surface water quality criteria, and result in permit violations,
action will be taken through the NPDES unit of North Carolina’s Division of Water Quality.

NPDES general permitted facilities, while not subject to effluent TSS or turbidity limitations, are
required to develop a storm water pollution prevention plan, and conduct qualitative and/or
quantitative measurements at each storm water discharge outfall and vehicle maintenance area.
Sampling methodology and constituents to be measured are characteristic of the volume and
nature of the permitted discharge. For example, general permits for mining operations require
the permittee to measure settleable solids, total suspended solids, turbidity, rainfall, event
duration, and flow in storm water discharge areas. Measurements of pH, oil and grease, total
suspended solids, rainfall, and flow are required in on-site vehicle maintenance areas. Similarly,
monitoring is required in mine dewatering areas, wastewater associated with sand/gravel mining,
and in overflow from other process recycle wastewater systems.
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A recent EPA mandate (Wayland, 2002) requires NPDES permitted storm water to be placed in
the waste load allocation (WLA), which was previously reserved for continuous point source
waste loads. In 1990, EPA promulgated rules establishing Phase I of the NPDES storm water
program. The Phase I program for Municipal Separate Storm Sewer System (MS4) requires
operators of medium and large MS4s, which generally serve populations of 100,000 or greater,
to implement a storm water management program as a means to control polluted discharges from
these MS4s. The new Phase II program is applied to populations of between 10,000 and 100,000
people.

2.1.2 Nonpoint Sources of Turbidity

Nonpoint and stormwater sources include various erosional processes, including sheetwash,
gully and rill erosion, wind, landslides, dry ravel, and human excavation that contribute sediment
during storm or runoff events. Sediments are also often produced as a result of stream channel
and bank erosion and channel disturbance (EPA, 1999). Nonpoint sources account for the vast
majority of sediment loading to surface waters. A few of these sources include:

e Natural erosion occurring from the weathering of soils, rocks, and uncultivated land;
geological abrasion; and other natural phenomena.

e Erosion from agricultural activities. This erosion can be due to the large land area
involved and the land-disturbing effects of cultivation. Grazing livestock can leave
areas of ground with little vegetative cover. Unconfined animals with direct access to
streams can cause streambank damage and erosion.

e Erosion from unpaved roadways can be a significant source of sediment to rivers and
streams. Exposed soils, high runoff velocities and volumes, and poor road
compaction all increase the potential for erosion.

e Runoff from active or abandoned mines may be a significant source of solids loading.
Mining activities typically involve removal of vegetation, displacement of soils, and
other significant land disturbing activities.

e Soil erosion from forested land that occurs during timber harvesting and reforestation
activities. Timber harvesting includes the layout of access roads, log decks, and skid
trails; the construction and stabilization of these areas; and the cutting of trees.
Established forest areas produce very little erosion.

e Streambank and streambed erosion processes often contribute a significant portion of
the overall sediment budget. The consequence of increased streambank erosion is
both water quality degradation as well as increased stream channel instability and
accelerated sediment yields. Streambank erosion can be traced to two major factors:
stream bank characteristics (erodibility potential) and hydraulic/gravitational forces
(Rosgen, online). The predominant processes of stream bank erosion include: surface
erosion, mass failure (planar and rotational), fluvial entrainment (particle detachment
by flowing water, generally at the bank toe), freeze-thaw, dry ravel, ice scour,
liquifaction/collapse, positive pore water pressure, both saturated and unsaturated
failures, and soil piping.
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2.2 General Sources of Fecal Coliform

Both point sources and nonpoint sources may contribute fecal coliform to the water bodies.
Potential sources of fecal coliform loading are discussed below.

2.2.1 Point Sources of Fecal Coliform

Point sources of fecal coliform consist primarily of large and small industries, wastewater
treatment plants, and MS4s. As authorized by the Clean Water Act, the DWQ regulates the
NPDES permit program to control water pollution due to point sources. Individual homes that
are connected to a municipal system, use a septic system, or do not have a surface discharge do
not need an NPDES permit; however, industrial, municipal, and other facilities must obtain
permits if their discharges go directly to surface waters.

NPDES-Regulated Municipal and Industrial Wastewater Treatment Facilities Discharges from
wastewater treatment facilities may contribute fecal coliform to receiving waters. Municipal
treatment plants and industrial treatment plants are required to meet surface water quality criteria
for fecal coliform in their effluent. When effluent coliform concentrations exceed surface water
quality criteria, and result in permit violations, action will be taken through the NPDES unit of
North Carolina’s Division of Water Quality.

NPDES general permitted facilities are required to develop pollution prevention plans to
discharge domestic wastewaters from single-family residences and other domestic discharges.
The permitted flow of these facilities may not in any case exceed 1,000 gallons per day. The
facilities are required to measure BOD:s, total suspended residue, fecal coliform, and total
residual chlorine. The facilities must monitor the pollutants every year and document the
following maintenance activities:

e Septic tanks shall be maintained at all times to prevent seepage of sewage to the ground.

e Septic tanks will be checked at least yearly to determine if solids must be removed or if
other maintenance is necessary.

e Septic tanks shall be pumped out within three to five years of the issuance date on the
Certificate of Coverage.

e Contents removed from septic tanks shall be disposed at a location and in a manner
compliant with all local and state regulations.

e Surface sand filters, disinfection apparatus, and (if applicable) dechlorination apparatus
shall be inspected weekly to confirm proper operation.
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2.2.2 Nonpoint Sources of Fecal Coliform

Fecal coliform from nonpoint sources include those sources that cannot be identified as entering
the water body at a specific location. Nonpoint source pollution can include both urban and
agricultural sources and human and non-human sources (Table 2.1). The nonpoint sources of
fecal coliform in the water bodies include wildlife, livestock (land application of agricultural
manure and grazing), urban development (stormwater runoff, including sources from domestic
animals), failing septic systems, and sewer line systems (illicit connections, leaky sewer lines
and sewer system overflows).

Table 2.1. Potential Source of Fecal Coliform Bacteria in Urban and Rural Watersheds.
(Source: Center for Watershed Protection, 1999)

Source Origin Type Source

Combined sewer overflows
Sanitary sewer overflows
Sewered watershed Illegal sanitary connections to
storm drains

Human Sources Illegal disposal to storm drains
Failing septic systems

Poorly operated package plant

Non-sewered watershed

Landfills
Marinas
Domestic animals and urban Dogs, cats, rats, raccoons,
wildlife pigeons, gulls, ducks, geese
Non-human Sources Livestock and rural wildlife Cattle, horse, poultry, beaver,
muskrats, deer, waterfowl
Others Hobby farms

Land use can contribute to fecal coliform runoff. Agricultural land alongside a stream would
contribute fecal coliform from livestock and manure applications. In addition, when cattle have
direct access to streams, feces may be deposited directly into a stream.

Runoff from urban surface is also a potentially significant source of fecal coliform loadings.
Urban lands may contribute fecal coliform from pets such as dog and cats. In a study conducted
by Hyer et al., 2001, the bacterial loads due to dog waste accounted for nearly 10 percent of the
total bacterial load in three creeks of Virginia: Accotink Creek, Blacks Run, and Christians
Creek. Furthermore, wildlife feces in runoff may be a frequent source of fecal coliform loading
where forest dominates the streamside.

Fecal coliform can originate from various urban sources. These sources include pet waste,
runoff through stormwater, sewers, illicit discharges/connections of sanitary waste, leaky sewer
systems, and sewer system overflows.

Fecal coliform contamination can be profound when sewer pipes are clogged or flooded by
stormwater. Infiltration of rainfall can enter the sewer system through cracks and leaks in pipes.
This additional flow volume, in combination with the existing sewer flow, can exceed the
capacity of the system resulting in a sanitary-sewer-overflow (SSO).
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3.0 Salem Creek Impairment

3.1 Source Assessment

3.1.1 NPDES Wastewater Permits

There are four facilities that discharge wastewater to the polluted portion of Salem Creek and
tributaries and are permitted individually under the NPDES program (Table 3.1). One of the
four permitted facilities has a limit for fecal coliform discharge, as can be found in the
BasinWide Information Management System (BIMS) database. Locations of the NPDES
facilities are shown in Figure 3.1.

Table 3.1. Individual NPDES Permittees in the Salem Creek Watershed.

Permitted Flow

Fecal Coliform

Permit Owner Facility (MGD) (cfu/100ml)

Lucent Salem Business Park .

NC0080853 Technologies, Inc. |Remediation site 0.302 No Limit

NC0079821 g;zn‘if Winston- g A. Thomas WTP No Limit No Limit

INC0085871 |Flakt Products Inc |Flakt Products Incorporated No Limit No Limit

NC0037834 [ty of Winston- 1,1 Elledge WWTP 30 Weekly average 400;
Salem monthly average 200

NCO0085871 "

NC0079821

Streams

NC0080853 [ Waterbodies
NC0037834

j 4 0

4

[] salem Creek HUC
m NPDES Dischargers
/\/ Salem Creek Impaired Length

8 Miles
)

Figure 3.1. NPDES Facility Locations in the Salem Creek Watershed.
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3.1.2 NPDES General Permits

All single family residences or domestic treatment facilities that discharge wastewaters not
exceeding 1,000 gallons per day in the Salem Creek watershed are subject to NC general permit
NCGS550000 and as such are required to not cause or contribute to violations of water quality
standards. Monitoring requirements for these facilities are outlined in Part I (page 2) of
NCGS550000 (http://h20.enr.state.nc.us/NPDES/documents/NCG55_Permit_2002.pdf). A brief
statement of maintenance activities is presented in Section 2.2.2.

3.1.3 NPDES Stormwater MS4s

Winston-Salem is under the Phase I MS4 stormwater permit. Walkertown and Kernersville are
both identified under the second phase of the federal stormwater regulations. Therefore, all the
nonpoint source loading from the watershed area that is inside the incorporated boundaries of the
cities of Winston-Salem, Walkertown, and Kernersville, as well as all urban areas inside the zone
of influence, are included in the WLA section of the TMDL.

3.1.4 Livestock Populations
The North Carolina Department of Agriculture (NCDA) regularly performs an agricultural
census for each county of the state. This census includes estimated livestock populations in each

county, as shown in Table 3.2 for the Salem Creek watershed.

Table 3.2. Estimated Livestock population in the Salem Creek watershed.

Livestock Date data is valid Number
from

Hogs and Pigs Dec. 1, 2003 No Data
Cattle Jan 1, 2004 5,100
Beef Cows Jan 1, 2004 2,800
Milk Cows Jan 1, 2004 No Data
Broilers Produced 2003 No Data
Turkeys Raised 2003 No Data
All Chickens Dec. 1, 2003 No Data
Source: http://www.ncagr.com/stats/cntysumm/forsyth.htm

3.1.5 Septic Tanks

Septic tanks and cesspools can contribute to the nonpoint sources of fecal coliform found in
Salem Creek. More information is provided in Table 3.3.
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Table 3.3. Estimated Housing Units Using Septic Systems in the Salem Creek Watershed.

County Number of Housing Number of Septic Percentage of
Units Tank or Cesspool Housing Units with
Systems Septic Tank or
Cesspool Systems
Forsyth 138,573; 2002 37,913 27%

Source for Septic Tank and Cesspool System data:
http://factfinder.census.gov/servlet/QTTable? bm=n& lang=en&qr name=DEC 1990 STF3 DP5&ds
name=DEC 1990 STF3_&geo_id=05000US37067

Source for Housing Unit data:

http://quickfacts.census.gov/qfd/states/37/37067.html

3.2 Technical Approach

Based on the above information, both point and nonpoint sources contribute fecal coliform to
Salem Creek. Because of the size of Salem Creek, the amount of fecal coliform data, and the
type of flow data available, a load duration approach has been adopted for this study. This
approach determines impaired loads under different flow conditions — high flow, transition flow,
typical flow, and low flow — to identify source types, specify assimilative capacity of a stream,
and to estimate magnitude of load reduction required to meet the water quality standard. The
methodology used to develop a load duration curve was based on Cleland (2002).

3.2.1 Endpoint for Fecal Coliform

The TMDL objectives require the instream fecal coliform concentrations to meet both the
instantaneous standard of 400 cfu/100ml and the geometric mean standard of 200 cfu/100ml.
Data is not collected in Salem Creek often enough for the geometric mean standard to apply,
therefore only the instantaneous standard is used as the endpoint for the fecal coliform TMDL in
the creek. It is assumed that if the instantaneous standard is met, it will follow that the geometric
mean standard will also be met.

3.2.2 Flow Duration Curve

Development of a flow duration curve is the first step of the load duration approach. A flow
duration curve employs a cumulative frequency distribution of measured daily stream flow over
the period of record. The curve relates flow values measured at the monitoring station to the
percent of time the flow values were equaled or exceeded. Flows are ranked from lowest, which
exceed nearly 100 percent of the time, to highest, which exceed less than 1 percent of the time.

Reliability of the flow duration curve depends on the period of record available at monitoring
stations. Predictability of the curve increases when longer periods of record are used.
Unfortunately, there is no currently operating flow gage in Salem Creek. Thus, daily flow data
from USGS Gaging Station #02095000, on South Buffalo Creek near Greensboro, North
Carolina, was used to establish the historic flow regimes and define ranges for the high, typical,
and low flow conditions, from measured flow data from August 1998 to September 2004.
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Flows at the downstream Salem Creek ambient station were estimated based on the drainage area
ratio (2.085) between USGS station #02095000 and the watershed area upstream of the Salem
Creek ambient station (i.e. Salem Creek drainage area is 2.085 times larger than South Buffalo
Creek drainage area). Flows were also adjusted to account for point sources in each watershed
by subtracting all reported NPDES point source flows discharging in the South Buffalo Creek
watershed before calculating the estimated flow in Salem Creek. After the drainage area ratio for
the flows was calculated, the NPDES point source flows in Salem Creek were added on.

The following method was used to estimate NPDES point source flows in Salem Creek. Because
TMDL allocations are based on permitted flows, the permitted flow for Archie Elledge WWTP
(30 million gallons per day (MGD)) was used as a constant flow for this facility. This is the only
facility with a permitted flow limit in this watershed. The reported monthly average flows for
the other three NPDES facilities were used to complete the total NPDES flow addition for Salem
Creek.

Flow statistics as generated by the curves from the estimated flow data are presented in Table
3.4.

Table 3.4. Flow Statistics for estimated Salem Creek at ambient station Q2570000

High Flow (<10™ Transitional Flow Typical Flow Low Flow (>90"

Percentile) (Between 10" and 30™ | (Between 30™ and 90™ | Percentile)
Percentile) Percentile)

278 — 4786 cfs 99 — 278 cfs 54 — 99 cfs 48 — 54 cfs

The flow duration curve, shown in Figure 3.2, was used to determine the seasonality and flow
regimes during which the exceedances of the pollutants occurred. It was also used to determine
maximum daily pollutant load based on the flow duration and applicable standard. The
applications of the flow duration curve for Salem Creek are discussed in the following
paragraphs.

Flow Duration Curve for Salem Creek at Station Q2570000

High Trans Flow Typical Flow Low

10000 (oW Flow
g
z 1000 -
=
£ h &
s 100
S
7
ey 10 A
=
(=]

1 T T T T T T T

0% 10% 20% 30% 40% 50% 60% 70% 80%  90% 100%
Percent of Days Flow Exceeded

Figure 3.2. Flow Duration Curve for Salem Creek at Station Q2570000.
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3.2.3 Load Duration Curve

A load duration curve is developed by multiplying the flow values along the flow duration curve
by the pollutant concentrations and the appropriate conversion factors. As seen in Figure 3.3,
allowable and existing loads are plotted against the flow recurrence interval. The allowable load
is based on the water quality numerical criteria, margin of safety, and flow duration curve. The
target line is represented by the line drawn through the allowable load data points and hence, it
determines the assimilative capacity of a stream or river under different flow conditions. Any
values above the line are exceeded loads and the values below the line are acceptable loads.
Therefore, a load duration curve can help define the flow regime during which exceedances
occur. Exceedances that occur during low-flow events are likely caused by continuous or point
source discharges, which are generally diluted during storm events. Exceedances that occur
during high-flow events are generally driven by storm-event runoff. A combination of point and
nonpoint sources may cause exceedances during normal flows.

The following paragraphs discuss procedures to estimate endpoints for fecal coliform in Salem
Creek in order to identify assimilative capacity of the river in each flow condition and to identify
the flow regime during which exceedances occur.

The fecal coliform assessment also used the load duration curve approach to determine existing
load and assimilative capacity. As stated in Section 3.2.1, analysis was performed for the
instantaneous standard of 400 counts / 100ml to determine the most conservative measure of
impairment. Figure 3.3 presents the calculated loads and the TMDL target loadings for fecal
coliform.

In Salem Creek, the criteria violations seem to have occurred at all ranges of flows, suggesting
that contamination due to fecal coliform occurred during both wet and dry weather conditions.
The combined wet and dry contamination suggests sources from both point and nonpoint, as in
sewer pipe leakage, failing septic systems, direct pipelines, and sanitary sewer overflows, for
example. In the report, (Maptech-HDR 2005) analysis indicates that humans, pets, livestock, and
wildlife all contribute fecal coliform to Salem Creek.
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Load Duration Curve for Salem Creek @ Sta. Q2570000
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Figure 3.3. Fecal coliform load duration curve for Salem Creek at station Q2570000, from
August 1998 through September 2004.

3.3 Total Maximum Daily Load (TMDL)

Section 3.2 described the processes and rationale to identify the endpoints, assimilative capacity,
potential sources, and target loadings for each pollutant in the Salem Creek watershed. These
efforts formed the basis for the TMDL process. The following sections describe the key
components required by the TMDL guidelines to set the final TMDL allocation for the
watershed.

Total Maximum Daily Load (TMDL) can be defined as the total amount of pollutant that can be
assimilated by the receiving water body while achieving water quality standards. A TMDL can
be expressed as the sum of all point source loads (WLAs), nonpoint source loads (LAs), and an
appropriate margin of safety (MOS), which takes into account any uncertainty concerning the
relationship between effluence limitations and water quality. This definition can be expressed by
equation 3.1:

TMDL =) WLAs + Y LAs + MOS (3.1)

The objective of the TMDL is to estimate allowable pollutant loads and to allocate the known
pollutant source in the watershed in order to implement control measures and to achieve water
quality standards. The Code of Federal Regulations (40 CFR § 130.2 (1)) states that TMDLs can
be expressed in terms of mass per time, toxicity, or other appropriate measures. For fecal
coliform contamination, TMDLs are expressed as counts, or colony forming units (cfu), per 100
milliliters. TMDLs represent the maximum one-day load the stream can assimilate and maintain
the water quality criterion. A load duration curve approach was utilized to estimate the TMDL
for fecal coliform. The systematic procedures adopted to estimate TMDLs are described below.
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3.3.1 Margin of Safety (MOS)

The MOS is included in the TMDL estimation to account for the uncertainty in the simulated
relationship between the pollutants and the water quality standard. In this study, the MOS was
explicitly included in following TMDL analysis by setting the TMDL target at 10 percent lower
than the water quality target for fecal coliform. The water quality standard and the explicit
margin of safety can be seen in Table 3.5.

Table 3.5. Water Quality Standard and Explicit Margin of Safety.

Star}dard for Fecal 400 ¢fu/100 ml
Coliform

Standard for Fecal

Coliform with 10% MOS 360 cfu/100 mi

3.3.2 Target Reduction

The reduction for the instantaneous fecal coliform standard was estimated with the observed data
that exceeded the applicable water quality standard (400 cfu/100 ml) within the 10™ to 95™
percentile flow recurrence range. The reduction for the geometric mean was not estimated,
because fecal coliform violation at the water quality standard, 200 cfu/100 ml, was not observed
(see §3.2.1).

A power curve equation for the data points violating the water quality criterion was estimated.
The equation is presented in Equation 3.2. The coefficient of determination, R%, for the equation
is 0.72; thus suggesting a reasonable fit of the equation.

Y =7.69E11 * X% R*=0.72 (3.2)
Where, Y = fecal coliform (cfu/100ml) and X = Percent Flow Exceeded.

To present the TMDLs as a single value, the existing load was calculated from the power curve
equation as the average of the load violations occurring when the flow (or load) exceeded at a
frequency greater than 10 percent and less than 95 percent. Additionally, the average load was
calculated by using percent flow exceedances in multiples of 5 percent. The allowable loadings
for each exceedance were calculated from the TMDL target value, which includes the 10 percent
MOS. The target curve based on the allowable load and the power curve based on the
exceedances are shown in Figure 3.4.

The necessary percent reduction was calculated by taking the difference between the average of
the power curve load estimates and the average of the allowable load estimates. For example, at
each recurrence interval between 10 and 95 (again using recurrence intervals in multiple of 5),
the equation of the power curve was used to estimate the existing load. The allowable load was
then calculated in a similar fashion by substituting the allowable load curve. The estimated
values are given in Appendix Table A.2.

20





Load Duration Curve for Salem Creek @ Sta. Q2570000
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Figure 3.4. Load Duration Curve with Allowable and Estimated Exceeding Loads of Fecal
Coliform in Salem Creek at station Q2570000.

3.3.3 TMDL Allocation
As identified by the above load duration curve method, a significant reduction of fecal coliform
is required in Salem Creek. A summary of reductions required is provided in Table 3.6 (also, see

Appendix Table A.2), where the # symbol represents colony forming units (cfu) or counts.

Table 3.6. Reduction required for Fecal Coliform.

Pollutant Target with MOS | Estimated TMDL Reduction
Exceeding (Allowable Load + MOS) | Required
Load

Fecal Coliform’ | <360 cfu/100ml | 5.74E12 #/day | 9.14E11 #/day 84.1%

"Instantaneous measurement of fecal coliform is used.

In order to meet the TMDL objectives, the reduction should be distributed over both MS4 and
nonpoint sources. Bacteria Source Tracking (BST) indicates a variety of sources are contributing
fecal coliform to Salem Creek, including humans, pets, wildlife, and livestock (MapTech-HDR.
2005). However, BST provides information regarding sources and not the mode of delivery (i.e.
point or nonpoint). A further analysis is therefore required to determine the breakdown between
point and nonpoint source loadings. To accomplish this, data from the MapTech-HDR study was
plotted with a load duration curve for station Q2510000, as shown in Figure 3.5. It is important
to note that the TMDL is not established at this station, as this is not the most downstream
station. Rather, this analysis is used for informational purposes only. The MapTech-HDR study
did not sample at station Q2570000.

The MapTech-HDR study took place at DWQ station Q2510000 on Salem Creek (see Figure
1.6). Station Q2510000 is upstream of station Q2570000; therefore a new load duration curve
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was established for station Q2510000 using the same method described in Section 3.2.2. For this
study, fecal coliform was analyzed to determine the relative contribution from four sources:
livestock, wildlife, human, or pets. In Figure 3.5, each data point was then assigned to one of the
four sources based on the source with the highest percentage contribution. So, those points
shown as livestock in Figure 3.5 indicate that livestock was the primary contributor, not the sole
contributor.

Load Duration Curve for Salem Creek @ Sta. Q2510000
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Figure 3.5. Load Duration Curve for data collected during MapTech-HDR study at station
Q2510000.

The results of this analysis, as shown in Figure 3.5, indicate that pets are the least common
source of fecal coliform in Salem Creek. Livestock tends to be the higher contributor during
high flow events, while wildlife and humans are the dominant source during the typical flow
period.

3.3.3.1. Waste Load Allocation (WLA)

All fecal coliform transported from the wastewater facilities and the MS4 areas were assigned to
the WLA components. The relative loading rates from the facilities are listed in Table 3.1. The
relative loading rates from the MS4 areas were determined based on the report by USGS, 1999.
The report describes fecal coliform transports under different land use conditions in the City of
Charlotte and Mecklenburg County, North Carolina. A summary of the report and a description
of the method that was used to estimate relative percent contribution of fecal coliform from the
urban and rural sources for this study are presented in Appendix C.1. The estimated relative
percent contribution from the MS4 and other areas (nonpoint sources including non-MS4 area)
are presented in Table 3.7.
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Table 3.7. Relative Fecal Coliform Contribution Rates for Salem Creek Watershed.

Pollutant Load from MS4 areas (%) Load from other areas (%)

Fecal Coliform 80 20

The assimilative capacity determined in Section 3.3.2 was split based on the relative
contributions presented in Table 3.7 to determine the allocation for the MS4 areas. The results of
these calculations are summarized in Table 3.8. The resulting percent reduction in fecal coliform
loading from MS4 areas is 93%, as shown in Table 3.9.

3.3.3.2. Load Allocation (LA)

All fecal coliform loadings from nonpoint sources such as non-MS4 urban land, agriculture land,
and forestlands are reported as LAs. The relative loading rates from these areas were determined
using the similar procedures as described in Section 3.3.3.1 (See also Appendix Table C.2). The
estimated relative contributions of fecal coliform from the nonpoint sources are presented in
Table 3.8. The estimated percent reduction from nonpoint sources is 93%, as shown in Table
3.9.

Table 3.8. Estimated TMDL and Load Allocation for Fecal Coliform for the Salem Creek
Watershed.

Pollutant | Existing | WLA WLA | WLA' LA MOS | TMDL’
Load | NPDES | MS4

Fecal 5.74E12 | 4.54E11 | 2.95E11 | 7.49E11 | 7.37E10 | 9.14E10 | 9.14El1

Coliform

(cfu/day)

1. WLA=WLA NPDES + WLA MS4
2. TMDL=WLA + LA +MOS

Table 3.9. Estimated Percent Reduction by Source for Fecal Coliform (shown in cfu/day) for the
Salem Creek Watershed.

WLA WLA MS4 LA MOS TOTAL
NPDES
Existing Load 4.54E11 4.22E12 1.07E12 X 5.74E12
(cfu/day)
Load Allocation 4.54E11 2.95E11 7.37E10 9.14E10 9.14E11
(cfu/day)
Percent Reduction 0% 93.0% 93.1% X 84.1%

3.3.3.3. Study Limitation

The available land use and land cover data for this study is outdated and does not accurately
represent current land use conditions. Therefore, the estimation of WLA in Table 3.7 is not
authoritative. The estimation helps to provide understanding of the relative loads and should be
viewed in light of the limited data available to quantify the actual contributions from each
individual source. The primary focus of efforts to minimize future impairment should focus on
the percent reductions and control of sources identified in the Source Assessment (see §2).
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3.3.4 Critical Condition and Seasonal Variation

Critical conditions are considered in the load curve analysis by using an extended period of
stream flow and water quality data, and by examining the flows (percent flow exceeded) where
the existing loads exceed the target line.

Seasonal variation is considered in the development of the TMDLs, because allocation applies to
all seasons. According to the load duration curve (Figure 3.3), the existing load violation for
fecal coliform occurred at all flow conditions throughout the year (Figure 3.4). Therefore, both
dry and wet weathers are critical for fecal coliform.
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4.0 Grants Creek Impairment

4.1 Source Assessment

A source assessment is used to identify and characterize the known and suspected sources of
turbidity in the Grants Creek watershed. This section outlines the assessment completed for the
purpose of developing this TMDL.

4.1.1 NPDES Wastewater Permits

Discharges from wastewater treatment facilities may contribute sediment to receiving waters as
total suspended solids (TSS) and/or turbidity. Municipal treatment plants and industrial
treatment plants are required to meet surface water quality criteria for turbidity in their effluent.
Since these facilities are routinely achieving surface water quality criteria, this TMDL will not
impose additional limits to current practices or existing effluent limits for publicly owned
treatment plants (POTPs) and industrial treatment plants. When effluent turbidity concentrations
exceed surface water quality criteria, and result in permit violations, action will be taken through
the NPDES unit of North Carolina’s Division of Water Quality.

Currently, there are five individual NPDES permitted facilities in the Grants Creek watershed.
Information on each facility can be found in Table 4.1. Permit NC0004286 is inactive as of
6/30/2005. The permit was active for the time period used to estimate the flow duration curve,
so flows from this facility are included in the flow estimation for Grants Creek. However, this
facility will not receive a load allocation. Locations of the facilities can be seen in Figure 4.1.

Table 4.1. NPDES Wastewater Permits in the Grants Creek Watershed.

. .. Permitted Flow | TSS (mg/L) TSS (mg/L)
Permit Owner Lzl (MGD) Daily Max Monthly Ave
NC0027502 |[Town of Landis Landis WTP No Limit 45 30
Rowan-Salisbur; Knollwood
NC0034703 y Elementary 0.011 45 30
Schools
School
. Oak Haven
NC0037184  [Lakeside Investment|yy b oo ne 0.006 45 30
Properties
Park
Westside Swim &  [Westside Swim &
NC0042439 Racquet Club Racquet Club 0.003 4 30
NC0049905 [Inman Asphalt | 7man Asphalt- No Limit 67.5 45
Salisbury
NC0004286* IFrfdcreSt Cannon, |5t 16 0.05 135 39

* Permit NC0004286 is inactive as of 6/30/2005 and will not be included in final NPDES load allocations.
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Figure 4.1. Locations NPDES Wastewater Permitted Facilities in the Grants Creek Watershed.

4.1.2 NPDES General Permits

All construction activities in the watershed that disturb one or more acres of land are subject to
obtaining a North Carolina NPDES general permit, and as such are required to not cause or
contribute to violations of water quality standards. As stated in Permit NCG010000, page 2,
“The discharges allowed by this General Permit shall not cause or contribute to violations of
Water Quality Standards. Discharges allowed by this permit must meet applicable wetland
standards as outlined in 15A NCAC 2B .0230 and .0231 and water quality certification
requirements as outlined in 15A NCAC 2H .0500”. Monitoring requirements for these
construction activities are outlined in Section B (page 5) of NCG010000. As stated, “All erosion
and sedimentation control facilities shall be inspected by or under the direction of the permittee
at least once every seven calendar days (at least twice every seven days for those facilities
discharging to waters of the State listed on the latest EPA approved 303(d) list for construction
related indicators of impairment such as turbidity or sedimentation) and within 24 hours after any
storm event of greater than 0.5 inches of rain per 24 hour period.” (NCG010000, Section B)

As per 40 CFR § 122.44(d)(1)(vii)(B), where a TMDL has been approved, NPDES permits must
contain effluent limits and conditions consistent with the requirements and assumptions of the
WLA in the TMDL. While effluent limitations are generally expressed numerically, EPA
guidance on NPDES-regulated municipal and small construction storm water discharges is that
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these effluent limits be expressed as best management practices (BMPs) or other similar
requirements, rather than numeric effluent limits (Wayland, 2002). Compliance with the
turbidity standard in Grants Creek is expected to be met when construction and other land
management activities in the Grants Creek watershed employ adequate BMPs. Upon approval of
this TMDL, DWQ will notify the NC Division of Land Resources (DLR) and other relevant
agencies, including county and local offices in the Grants Creek watershed (Rowan County)
responsible for overseeing construction activities, as to the impaired status of Grants Creek and
the need for a high degree of review in the construction permit review process.

4.1.3 NPDES Stormwater MS4s and other Nonpoint Sources

Nonpoint and stormwater sources include various erosional processes, including sheetwash,
gully and rill erosion, wind, landslides, dry ravel, and human excavation that contribute sediment
during storm or runoff events. Sediments are also often produced as a result of stream channel
and bank erosion and channel disturbance (EPA, 1999). This is further discussed in Section
2.1.2.

Urban runoff can contribute significant amounts of turbidity, however, much of this runoff is
designed to be regulated under the Storm Water Phase II Final Rule (EPA, 2000). Amendments
were made to the Clean Water Act in 1990 and most recently in 1999 pertaining to permit
requirements for stormwater dischargers associated with industrial activities and municipal
separate storm sewer systems (MS4s). MS4s can discharge sediment to waterbodies in response
to storm events through road drainage systems, curb and gutter systems, ditches, and storm
drains. This rule applies to cities or counties that own or operate a municipal separate storm
sewer system (MS4). As a result of the Phase II Rule, MS4 owners are required to obtain a
National Point Source Discharge Elimination System (NPDES) permit for their stormwater
discharges to surface waters.

The cities of Salisbury, China Grove, and Landis are considered to be under Phase II of the
federal stormwater regulations. Therefore, all the nonpoint source loading from the watershed
area that is inside the incorporated boundaries of these cities, as well as all urban areas not inside
those city boundaries, but still inside the zone of influence are included in the WLA section of
the TMDL.

4.2 Technical Approach

Based on the above information, it is most likely that both point sources and nonpoint sources
contribute turbidity to Grants Creek. Because of the size of Grants Creek, the amount of
turbidity and TSS data, and the type of flow data available, a load duration approach has been
adopted for this study. This approach determines impairment loads under different flow
conditions — high flow, transition flow, typical flow, and low flow — to identify source types,
specify assimilative capacity of a stream, and to estimate the magnitude of load reduction
required to meet the water quality standard. The methodology used to develop a load duration
curve is based on Cleland (2002).
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4.2.1 Endpoint for Turbidity

As discussed in Section 2.1, turbidity is a measure of cloudiness and is reported in
Nephelometric Turbidity Units (NTU). Therefore, turbidity is not measured in terms of
concentrations and cannot be directly converted into loadings required for developing a load
duration curve. For this reason, total suspended solids (TSS) were selected as a surrogate
measure for this study.

In order to observe the relationship between TSS and turbidity in Grants Creek, a regression
equation between the two parameters was developed using the observed data collected from
January 1997 through December 2004 at ambient stations Q4600000. The coefficient of
determination (R-Square) between the two parameters was 0.8433; therefore, a significant

relationship between the two parameters was experienced. The relationship is shown in Equation

4.1 and Figure 4.2.

TSS (mg/L) = 1.7666 * Turbidity(NTU) — 16.692 R* = 0.9002 (4.1)

TSS and Turbidity Data for Grants Creek

/

TSS (mg/L)
N~
3

300 1 .

150 . .

N . S ‘ ‘ ‘ ‘ ‘

0 50 100 150 200 250 300 350 400
Turbidity (NTU)

Figure 4.2. TSS-Turbidity Relationship for Grants Creek.

The standard for turbidity is 50 NTU, which using this equation translates to 71.64 mg/L of TSS.

Using an explicit MOS of ten percent yields a TSS endpoint of 62.81 mg/L, as shown in Table
4.2.

Table 4.2. Endpoint for Turbidity Translated to TSS.

Standard for Turbidity | Standard for Turbidity | Related Standard for | Related Standard for
with 10% MOS TSS TSS with 10% MOS
50 NTU 45 NTU 71.64 mg/L 62.81 mg/L
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4.2.2 Flow Duration Curve

A flow duration curve was developed for Grants Creek using a similar procedure as described in
section 3.2.2. Reliability of the flow duration curve depends on the period of record available at
monitoring stations. Predictability of the curve increases when longer periods of record are used.
Unfortunately, there is no currently operating flow gage in Grants Creek. Thus, daily flow data
from USGS Gaging Station #02120780, on Second Creek near Barber, North Carolina, was used
to establish the historic flow regimes and define ranges for the high, typical, and low flow
conditions, from measured flow data from January 1997 to September 2004.

Flows at the downstream Grants Creek ambient station were estimated based on a drainage area
ratio between USGS station #02120780 and the watershed area upstream of the Grants Creek
ambient station. The drainage area ratio between Grants Creek and Second Creek is 0.57;
meaning Grants Creek drainage area is 0.57 times the size of Second Creek. Flows were also
adjusted to account for point sources in each watershed by subtracting all NPDES point source
flows discharging in the Second Creek watershed before calculating the estimated flow in Grants
Creek. After the drainage area ratio for the flows was calculated, the NPDES point sources
flows in Grants Creek were added on using the same method as described in Section 3.2.2. In
this case, permitted flows were used for all NPDES facilities except for NC0027502 because
there is no permitted flow limit for this facility. Flow statistics as generated by the curves from
the estimated flow data are presented in Table 4.3.

Table 4.3. Flow Statistics for estimated Grants Creek at ambient station Q4600000

High Flow (<10™ Transitional Flow Typical Flow Low Flow (>90™

Percentile) (Between 10" and 30™ | (Between 30™ and 90™ | Percentile)
Percentile) Percentile)

88-2337 cfs 40 — 88 cfs 4 —40 cfs 0.4 —4cfs

The flow duration curve, shown in Figure 4.3, was used to determine the seasonality and flow
regimes during which the exceedances of the pollutants occurred. It was also used to determine
maximum daily pollutant load based on the flow duration and applicable standard. The
applications of the flow duration curve for Grants Creek are discussed in the following
paragraphs.

4.2.3 Load Duration Curve

As discussed in Section 3.2.3, a load duration curve is developed by multiplying the flow values
along the flow duration curve by the pollutant concentrations and the appropriate conversion
factors. As seen in Figure 4.4, allowable and existing loads are plotted against the flow
recurrence interval. The allowable load is based on the water quality numerical criteria, margin
of safety, and flow duration curve.

The following paragraphs discuss procedures to estimate endpoints for turbidity in Grants Creek

in order to identify assimilative capacity of the creek in each flow condition and to identify the
flow regime during which exceedances occur.
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Flow-Duration Curve for Grants Creek
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Figure 4.3. Flow Duration Curve for the Grants Creek Watershed. Flows from Second Creek at
USGS Station #02120780 were used to estimate flows for Grants Creek.

Turbidity Assimilative Capacity

Existing TSS loads to Grants Creek were determined by multiplying the observed TSS
concentration by the flow observed on the date of observation and converting the result to daily
loading values. The assimilative capacities of the water bodies were determined by multiplying
the TSS concentration that is equivalent to a turbidity value of 45 NTU by the full range of
measured flow values. Figure 4.4 presents the TMDL target loading and observed TSS and

turbidity for the creek.

Figure 4.5 shows the same information with the extreme high and low flow loads are cut out.
The bottom five percent and the highest ten percent are cut from the load duration curve.
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Figure 4.4. TSS Load duration curve for Grants Creek stations Q4600000 and Q4540000, from

January 1997

through September 2004.
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Figure 4.5. TSS Load duration curve for Grants Creek stations Q4600000 and Q4540000, from
January 1997 through September 2004, less extreme flows.
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Once the highest ten percent and the lowest five percent flows are removed from the calculation,
there are only five instances of observed load exceeding the target value. The five instances are
spread throughout the curve, in the higher flows, typical flows, and low flows.

4.3 Total Maximum Daily Load (TMDL)

Section 4.2 described the processes and rationale to identify the endpoints, assimilative capacity,
potential sources, and target loadings for TSS and turbidity in the Grants Creek watershed.

These efforts formed the basis for the TMDL process. The key components required by the
TMDL guidelines to set the final TMDL allocation for the watershed are defined by the Equation
4.2.

TMDL =) WLAs + ) LAs + MOS (4.2)

Where, WLA is waste load allocation (point source), LA is load allocation (nonpoint source),
and MOS is margin of safety. A detailed explanation of the equation is given in Section 3.3.
The following sections describe the key components required by the TMDL guidelines to set the
final TMDL allocation for the Watershed.

4.3.1 Margin of Safety (MOS)

The Margin of Safety was explicitly included in following TMDL analysis by setting the TMDL
target at 10 percent lower than the water quality target for turbidity. Details of the MOS can be
found in Table 4.2.

4.3.2 Target Reduction

To determine the amount of turbidity reduction necessary to comply with the water quality
criteria, exceedances of the estimated standard (71.64 mg TSS/L) were identified within the 10"
to 95" percentile flow recurrence range. A power curve through the data point violating the
water quality criterion was overlaid on the graph (Figure 4.6). The power curve equation is
presented in Equation 4.3. The correlation coefficient, R-Square, for the power curve is 0.61;
thus suggesting a reasonable fit of the curve.

Y =3857 * X'** R?=0.607 (4.3)
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Figure 4.6. Load duration curve showing allowable, existing loads violation, and the power
curve of exceeding loads in Grants Creek.

The criteria violations occurred throughout the typical flow regime (Figure 4.4). As described in
Section 3.3, the loading estimates based on the power curve are presented in Appendix Table
B.2. Approximately 31 percent reduction in TSS is required in order to meet the water quality
standard and to account for the 10 percent of MOS. A summary of reductions required is
provided in Table 4.4.

Table 4.4. Reduction Required for TSS in Grants Creek.

Pollutant Target with MOS | Estimated TMDL Reduction
Exceeding Load | (Allowable Load | Required
+ MOS)
TSS' <71.64 mg/L 8.03 tons/day 5.54 tons/day 31.0%

'TSS is used as a surrogate variable for turbidity.

4.3.3 TMDL Allocation

As identified by the above load duration curve method, significant amounts of TSS are required
to be reduced in Grants Creek. In order to meet the TMDL objectives, the reduction should be
targeted towards nonpoint sources and MS4 areas.

4.3.3.1. Waste Load Allocation (WLA)

All TSS transported from the MS4 areas and NPDES permitted facilities were assigned to the
WLA components. The loading rates from the NPDES facilities are listed in Table 4.1. The
total allocation for NPDES permitted facilities is 0.0038 tons/day, as shown in Table 4.6. There
are no load allocations for permits NC0049905 or NC0027502 because there is no permitted
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flow limit. There is also no load allocation for permit NC0004286 because this permit is no
longer active (as of 6/30/2005).

The relative loading rates from the MS4 areas were determined based on the report by USGS,
1999. The report describes TSS and sediment transport under different land use conditions in the
City of Charlotte and Mecklenburg County, North Carolina. A summary of the report and a
description of the method used to estimate the relative percent contribution of TSS from the
urban and rural sources for this study are presented in Appendix Table C.1. The estimated
relative percent contribution from the MS4 and other areas (nonpoint sources including non-MS4
area) are presented in Table 4.5. Section 4.1.3 describes which areas of the Grants Creek
watershed are considered MS4.

Table 4.5. Relative TSS contributions Rates for the Grants Creek watershed.

Pollutant Load from MS4 areas (%) Load from other areas (%)

TSS 14 86

The assimilative capacity determined in Section 4.2.3 was split based on the relative
contributions presented in Table 4.5 to determine the allocation for the MS4 areas. The results of
these calculations are summarized in Table 4.6. As shown in Table 4.7, the load allocation for
MS4 areas represents a 39.5% reduction in TSS loading.

The WLA associated with construction and other land management activities, as discussed in
Section 4.1.2, is equivalent to the surface water quality standard for turbidity in that any
construction activity cannot cause or contribute to a violation of the water quality standard. As
discussed, these WLAs are and will be expressed as BMPs in the general or individual
construction permits rather than as numeric effluent limits.

4.3.3.2. Load Allocation (LA)

All TSS loadings from nonpoint sources such as non-MS4 urban land, agriculture land, and
forested land were reported as LAs. The relative loading rates from these areas were determined
using the similar procedures as described in Section 3.3.2. (See also Appendix Table C.3.) The
estimated allocation of TSS from the nonpoint sources is presented in Table 4.6. As shown in
Table 4.7, the allocation for nonpoint sources requires a 39.5% reduction in nonpoint source
loading.

Table 4.6. Estimated TMDL and Load Allocation for TSS for the Grants Creek Watershed.

Pollutant | Existing | WLA WLA WLA' LA MOS TMDL?
Load NPDES MS4
TSS 8.03 0.0038 0.68 0.68 4.17 0.68 5.54
(tons/day)

1. WLA=WLANPDES + WLA MS4

2. TMDL=WLA + LA +MOS






Table 4.7. Estimated Percent Reduction by Source for TSS in the Grants Creek Watershed.

WLA WLA MS4 LA MOS TOTAL
NPDES
Existing Load 0.0038 1.12 6.90 X 8.03
(tons/day)
Load Allocation 0.0038 0.68 4.17 0.68 5.54
(tons/day)
Percent Reduction 0% 39.5% 39.5% X 31.0%

4.3.3.3. Study Limitation

The available land cover for this study is outdated and fails to represent current land use
conditions. Therefore, the estimation of WLA in Table 4.7 is not authoritative. The primary
focus of efforts to minimize future impairment should be on the percent reductions and control of
sources identified in the Source Assessment (see § 4.1).

4.3.4 Critical Condition and Seasonal Variation
According to the load duration curve (Figure 4.4), the greatest frequency of exceedances of
turbidity occurred during both high-flow and low-flow periods throughout the season. The

results show that the few exceedances that did occur happened at both high and low flow,
therefore the entire spectrum of flows are critical.

35





5.0 Summary and Future Consideration

This report presents the development of Total Maximum Daily Loads (TMDLs) for two
waterbodies in North Carolina: Salem Creek and Grants Creek both of which are located in the
Yadkin Pee-Dee River Basin. Salem Creek is impaired for fecal coliform and Grants Creek is
impaired for turbidity.

Available water quality data were reviewed to determine the critical periods and the sources that
lead to exceedances of the standard. The necessary percent reduction to meet the TMDL
requirement was then calculated by taking a difference between the average of the power curve
load estimates and the average of the allowable load estimates. The summary of the results is as
follows:

e About 84 percent reduction in fecal coliform is required in order to meet the water quality
standard in Salem Creek. Both point and nonpoint sources from a variety of origins are
responsible for the exceedance of fecal coliform.

e About 31 percent reduction in TSS is required in order to meet the water quality standard
for turbidity in Grants Creek. Both point and nonpoint sources are responsible for the
exceedance of TSS.

5.1 Stream Monitoring

Stream monitoring should continue on a monthly interval at the existing ambient monitoring
stations. The continued monitoring of TSS and fecal coliform will allow for the evaluation of
progress towards the goal of reaching water quality standards by comparing the instream data to
the TMDL target. In addition, every monitoring station should monitor both turbidity and TSS
so a relationship between the two can be determined at every station.

Furthermore, to comply with EPA guidance, North Carolina may adopt new bacteria standards
utilizing Escherichia coli (E. coli) or enterococci in the near future. Thus, in the future,
monitoring efforts to measure compliance with this TMDL should include using E. coli or
enterococci. Per EPA recommendations (EPA, 2000b), if future monitoring for E.
coli/enterococci indicates the standard has not been exceeded, these monitoring data may be used
to support delisting the water body from the 303(d) list. If a continuing problem is identified
using E. coli/enterococci, the TMDL may be revised.

5.2 Implementation Plan

Reductions for fecal coliform should be sought through identification and repair of aging sewer
infrastructure as well as targeting other storm-driven sources. Enforcement of stormwater BMP
requirements for construction sites, additional education related to farming practices and other
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land disturbing activities, and additional urban stormwater controls for sediment are potential
management options for improving turbidity levels.

For turbidity, much of the impairment is likely due to erosion from land uses during conversion
from rural to urban uses. While stormwater controls are typically required during development
activities, significant loadings can occur due to initial periods of land disturbance before controls
are in place or during high rainfall periods during which the controls are inadequate. Additional
turbidity impairment may be due to runoff from agricultural areas and from erosion of soils due
to increased imperviousness in urbanizing areas.

The TMDL analysis was performed using the best data available to specify the fecal coliform
and total suspended solids reductions necessary to achieve water quality criteria. The intent of
meeting the criteria is to support the designated use classifications in the watershed. A detailed
implementation plan is not included in this TMDL. The involvement of local governments and
agencies will be needed in order to develop an implementation plan.

37





6.0 Public Participation

A draft of the TMDL was publicly noticed through various means. The TMDL was public
noticed in the relevant counties through two local newspapers (Salisbury Post on May 3, 2006
and Winston-Salem Journal on May 4, 2006, Appendix D). The TMDL was also public noticed
on May 1, 2006 through the North Carolina Water Resources Research Institute email list-serve
(Appendix D). Finally, the TMDL was available on DWQ’s website
http://h20.enr.state.nc.us/tmdl/ during the comment period. The public comment period lasted
until June 2, 2006. Two written comments were received, both from NC Department of
Transportation. DWQ’s responses to those comments are provided in Appendix E.
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Waste Load Allocation for stormwater sources and NPDES permit requirements based on those
allocations.
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Appendix A: Salem Creek Data

Table A.1. Water Quality Data for Salem Creek at Station Q2570000.

Fecal Fecal
Date Coliform | Coliform
(cfu/100ml)| Remarks'
8/4/1998 420 B
9/2/1998 6000 L
10/21/1998 390
11/12/1998 600
12/4/1998 506
1/7/1999 170
2/10/1999 77 B
3/11/1999 35 B
4/8/1999 110 B
5/6/1999 500 B
6/9/1999 770 B
7/15/1999 300
8/4/1999 160
9/15/1999 2500
10/14/1999 4200
11/4/1999 600
12/9/1999 160
1/13/2000 320
2/14/2000 3800
3/20/2000 5000
4/27/2000 320
5/3/2000 240
6/15/2000 6000 P
7/19/2000 330
8/31/2000 5000
9/12/2000 360
10/23/2000 100 B
11/13/2000 110
12/26/2000 150 B
1/22/2001 71 B
2/12/2001 72 B
3/21/2001 1400 B
4/9/2001 50
5/14/2001 500
6/6/2001 370
7/17/2001 43
8/7/2001 470
9/11/2001 68
10/9/2001 1800

11/13/2001 130 B
12/4/2001 530
1/15/2002 340
2/12/2002 190
3/5/2002 61
4/9/2002 210
5/7/2002 520
6/11/2002 76 B
7/9/2002 63
8/6/2002 88 B4
9/10/2002 180
9/12/2002 230 B4
9/17/2002 1100
9/19/2002 1700 B6
9/24/2002 300 B4
9/24/2002 410
10/1/2002 260 B4
10/8/2002 280 B4
10/8/2002 390
10/15/2002 330 B4
10/22/2002 4900 B3
11/5/2002 120
12/3/2002 230
1/7/2003 125 B4
1/16/2003 110
1/28/2003 57
1/30/2003 1600
2/6/2003 3600 B3
2/11/2003 137 B4
2/12/2003 1900
3/18/2003 440
4/8/2003 240
5/13/2003 260
6/10/2003 230
7/15/2003 62
8/26/2003 310
9/23/2003 1600 Bl
10/28/2003 1900 Bl
11/18/2003 74
12/9/2003 140 B4
1/13/2004 123 B4
2/10/2004 270
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1. Fecal Coliform Remark Codes:

B Results based upon colony counts outside the acceptable range.
B1 Countable membranes with less than 20 colonies. Reported value is estimated or is a total of the counts on

all filters reported per 100 ml.
B3 Countable membranes with more than 60 or 80 colonies. The value reported is calculated using the count

from the smallest volume filtered and reported as a greater than ">" value.

B4 Filters have counts of both >60 or 80 and <20. Reported value is a total of the counts from all countable
filters reported per 100 ml.
B6 Estimated Value. Blank contamination evident.

L  Actual value is known to be greater than value given.
P Too numerous to count.

Table A.2. Estimation of Load Reduction Required in Fecal Coliform for Salem Creek at Station

Q2570000

Estimated

% Flow TMDL
Exceeded L1557 (G4) Lf:(:e(ec(ti'::/]:lc:y) (cfu/day)

10% 278.39 3.54E+13 2.72E+12
15% 180.91 1.80E+13 1.77E+12
20% 136.81 1.12E+13 1.34E+12
25% 111.96 7.72E+12 1.1E+12
30% 99.24 5.70E+12 9.71E+11
35% 89.53 4.41E+12 8.76E+11
40% 83.20 3.53E+12 8.14E+11
45% 78.65 2.90E+12 7.7E+11
50% 74.61 2.44E+12 7.3E+11
55% 70.79 2.08E+12 6.93E+11
60% 67.82 1.80E+12 6.64E+11
65% 65.80 1.58E+12 6.44E+11
70% 62.67 1.39E+12 6.13E+11
75% 60.80 1.24E+12 5.95E+11
80% 58.83 1.12E+12 5.76E+11
85% 55.94 1.01E+12 5.47E+11
90% 53.71 9.17E+11 5.26E+11
95% 5147 8.38E+11 5.04E+11
Average 5.74E+12 9.14E+11

Avg. Reduction Required 84.1%
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Appendix B: Grants Creek Data

Table B.1. Water Quality Data for Grants Creek at Stations Q4600000 andQ4540000

Station Q4600000
Date Ezrilfilill'EZr;(glzlel Tur(ll)\ilciﬂi[t}/)lab
(mg/L)
1/16/1997 250 210
2/19/1997 24 22
3/18/1997 18 17
4/14/1997
5/21/1997 8 9.9
6/19/1997 2 15
7/28/1997 13 12
8/19/1997 8.9
9/17/1997 6 5.6
10/22/1997 7 9.1
11/17/1997 6 8.7
12/11/1997 4 10
1/13/1998 13 24
2/12/1998 9 24
3/10/1998 29 60
4/7/1998 8 8.7
5/6/1998 20 65
6/8/1998 9 7.6
7/9/1998 4 7.3
8/5/1998 6 5.6
9/17/1998 5 4.5
10/8/1998 8 6
11/2/1998 1 2.1
12/15/1998 8 12
1/7/1999 8 19
2/15/1999 2 11
3/11/1999 5 7.2
4/13/1999 4 5.5
5/10/1999 12 12
6/21/1999 4 13
8/2/1999 7 11
8/24/1999 3 10
9/27/1999 14 12
10/25/1999 4 4
11/15/1999 4 53
12/16/1999 4 18

Station Q4540000
Date Tur(ll)\ll(;}[t}/)lab
6/3/1998 21.00
7/16/1998 5.40
8/4/1998 3.40
9/2/1998 4.50
10/21/1998 6.70
11/12/1998 3.20
12/4/1998 4.60
1/7/1999 20.20
2/10/1999 13.50
3/11/1999 8.80
4/8/1999 6.20
5/6/1999 12.80
6/9/1999 11.70
7/15/1999 8.70
8/4/1999 8.30
9/15/1999 9.60
10/14/1999 17.30
11/4/1999 7.50
12/9/1999 8.20
1/13/2000 38.00
2/14/2000 407.00
3/20/2000 474.00
4/27/2000 15.50
5/4/2000 24.20
6/15/2000 94.50
7/19/2000 20.50
8/29/2000 20.30
9/12/2000 16.30
10/23/2000 4.21
11/13/2000 2.50
12/26/2000 8.50
1/22/2001 22.00
2/12/2001 12.00
3/21/2001 190.00
4/9/2001 12.00
5/14/2001 6.60
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Station Q4600000

Residue total

Station Q4540000
Date Tur(ll)\ll(;}g)lab
6/6/2001 6.10
7/17/2001 7.80
8/7/2001 6.50
9/11/2001 7.20
10/9/2001 20.00
11/13/2001 2.70
12/4/2001 3.50
1/15/2002 7.00
2/12/2002 13.00
3/5/2002 26.00
4/9/2002 7.00
5/7/2002 6.90
6/11/2002 26.00
7/9/2002 8.00
8/6/2002 17.00
9/24/2002 4.50
10/8/2002 5.40
11/5/2002 4.30
12/3/2002 6.10
1/7/2003 12.00
2/11/2003 6.10
3/18/2003 36.00
4/8/2003 70.00
5/13/2003 10.00
6/10/2003 32.00
7/15/2003 8.20
8/26/2003 11.00
9/23/2003 120.00
10/28/2003 13.00
11/18/2003 5.20
12/9/2003 6.60
1/13/2004 13.00
2/10/2004 31.00

Date nonfilterable Tur(ll)\ilciﬂilt}/)lab
(mg/L)

2/15/2000 39 65
3/13/2000 4 7.8
4/17/2000 15 19
5/15/2000 6 7

6/7/2000 8 10
7/24/2000 130 130
8/15/2000 64 29
9/12/2000 6.6
10/5/2000 1 5
11/6/2000 43
12/11/2000 5.8
1/17/2001 1 5.8
2/12/2001 15
4/17/2001 14

5/23/2001 110
6/25/2001 33
7/25/2001 10 12
8/13/2001 32
9/13/2001 6.3
10/9/2001 3 2.6
11/28/2001 8.3
12/27/2001 94
1/23/2002 820 380
2/27/2002 6.8
3/20/2002 28
4/24/2002 13 16
5/23/2002 10
6/17/2002 9
7/30/2002 4 6.5
8/26/2002 13
9/16/2002 22
10/23/2002 4 9
11/19/2002 24
12/16/2002 50
1/27/2003 4 7.5
2/20/2003 17
3/17/2003 75
4/7/2003 250 210

5/6/2003 110
6/19/2003 29
7/14/2003 14 17
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Station Q4600000

Residue total

Date nonfilterable Tur(l;cp}l{t}/)lab
(mg/L)

8/18/2003 19
9/23/2003

10/7/2003 4 8.5
11/5/2003 6.2
12/2/2003 7.6
1/7/2004 8 13
2/5/2004 16
3/23/2004 9
4/14/2004 120 50
5/18/2004 22
6/30/2004 14
7/12/2004 4 7.6
8/9/2004 12
9/13/2004 12
11/2/2004 9.6
12/6/2004 7.1
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Table B.2. Estimation of Load Reduction Required in TSS for Grants Creek.

o Estimated _
E?cfele?l‘:d Flow (cfs) | Exceedance Load r:lll\;[v]z:b(llb-/i-d;g 2)S
(Ib/day)

10% 88.01 73,841.5 34,020.61
15% 66.67 43,908.8 25,774.33
20% 55.09 30,365.5 21,295.25
25% 47.37 22,810.8 18,312.63
30% 40.21 18,056.4 15,544.69
35% 35.65 14,818.5 13,779.49
40% 32.64 12,487.0 12,618.33
45% 28.99 10,737.0 11,205.50
50% 24.76 9,380.4 9,571.71
55% 20.70 8,301.5 8,003.35
60% 17.18 7,425.2 6,640.42
65% 14.78 6,701.1 5,715.31
70% 12.24 6,093.7 4,730.58
75% 10.36 5,577.9 4,003.25
80% 8.38 5,135.0 3,240.78
85% 6.22 4,751.0 2,404.51
90% 4.42 4,415.3 1,709.55
95% 2.36 4,119.6 912.08
Average 16,051.5 11,082.4

Avg. Reduction Required| 30.96%)






Appendix C: Estimates of Relative Loadings for Point and
Nonpoint Sources

Appendix Table C.1. Estimates of TSS and Fecal Coliform Runoff Loading Rates for Urban and Rural

Lands (USGS, 1999).

TSS Conc. FC Conc.
Ll DR Ty (tons/sq. mi) (cfu/L)

Mixed forrest/pasture/low density residential 2400 15
Mixed forrest/pasture/medium & low density residential 2100 20
Mixed forrest/pasture/medium & low density residential 564 24.5
Rural Average 1688 20
Industrial 122 27.5
Industrial 300 14.6
Medium-density residential 225 29
Medium-density residential 77 26.5
High-density residential 1000 15
Developing 4700 13
Urban Average 1071 21

Appendix Table C.2. Relative Fecal Coliform Concentration from Urban and Rural areas for Salem

Creek Watershed.
. rmalized Fecal .
Land Use Land % Relative Fecal NCooli f?) rndeOz? Fecal Cohfqrm
Rate (#/100ml) Rates (#/100ml) Conc. Ratio
Rural 21.02 20 4.20 20.23%
MS4 78.98 21 16.58 79.77%

Note: Fecal coliform data estimated in Appendix Table D.1 was utilized to estimate average fecal

coliform concentrations in stormwater runoff. The relative percent contributions of fecal coliform were

multiplied by the land use distribution and normalized to estimate the relative loading ratio for urban

(MS4) and rural (non-MS4) areas.

Appendix Table C.3. Relative TSS Loading from Urban and Rural Areas.

Land Relative TSS Normalized TSS
Watershed Use Land % Rate Loading Rates TSS Loading Ratio
(tons sq mi/yr) (tons/sq mi/yr)
Grants Rural 79.30% 1688 1338.52 85.79%
Creek MS4 20.70% 1071 221.74 14.21%

Note: TSS data estimated in Appendix Table C.3 was utilized to estimate average sediment loading in

stormwater runoff. The relative percent contributions of TSS were multiplied by the land use distribution

and normalized to estimate the relative loading percentage for urban (MS4) and rural (non-MS4) areas.
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Appendix D. Public Notification of TMDLs for Fecal

Coliform for Salem Creek and Turbidity for Grants Creek

-------- Original Message --------
Subject: [wrri-news] Comment on Draft TMDL to DWQ by June 2nd
Date: Mon, 01 May 2006 12:48:17 -0400
From: Kelly Porter <kaporter@gw.fis.ncsu.edu>
Reply-To: Kelly Porter <kaporter@gw.fis.ncsu.edu>
To: <wrri-news@lists.ncsu.edu>

TMDLs for Fecal Coliform for Salem Creek and Turbidity for Grants Creek
Yadkin-Pee Dee River Basin

Now Available Upon Request

Total Maximum Daily Load for Fecal Coliform for Salem Creek and
Turbidity for Grants Creek in North Carolina is now available upon
request from the North Carolina Division of Water Quality. This TMDL
study was prepared as a requirement of the Federal Water Pollution
Control Act, Section 303(d). The study identifies the sources of
pollution, determines allowable loads to the surface waters and suggests
allocation for turbidity for Grants Creek and fecal coliform for Salem
Creek.

TO OBTAIN A FREE COPY OF THE TMDL REPORT:

Please contact Ms. Linda Chavis (919) 733-5083, extension 558 or write
to:

Ms. Linda Chavis

Water Quality Planning Section

1617 Mail Service Center

Raleigh, NC 27699

Interested parties are invited to comment on the draft TMDL study by
June 2, 2006. Comments concerning the report should be directed to Pam
Behm at the above address. The draft TMDL is also located on the
following website: http://h2o.enr.state.nc.us/tmdl
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NORTH CAROLINA
FORSYTH COUNTY

AFFIDAVIT OF PUBLICATION

Before the undersigned, a Notery Public of said County and State, duly
commissioned, qualified, and authorized by law to administer oaths, personally
appeared DVH. Stanfield, who being duly swom, deposes and says: that he is
Contrellar of the Winston-Salem Joumal, engaged in the publishing of o newspaper
known as Winston-Salem Journal, pablished, issved and entered as second class mail
in the City of Winston-Salem, in said County and State:  thai be is awthorized to
make this affidavit and sworn statement: that the notice or other legal advertisement,
a true copy of which is attached hereto, was published in Winston-Salem Joumal on
the following dates:

May 4, 2006

pnd that the $aid newspaper in which such notice, paper document, or legal
pdvertisement was published was, at the time of cach and every such publication, a
newspaper meeting all the requirements and qualifications of Section 1-597 of the
General Stotutes of Morth Corolinag and was & qualificd newspaper within the
meaning of Section 1-597 of the General Statutes of North Caroling.

This 14th day of June, 2006 0y L
{slgralfure of perso

kimg affidavii )

Sworn to and subscribed before me, this T4th day of June, 2006

Nﬂu'a?'q_ P%{u‘

My Commission expires; September 28, 2010
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Salisbury Post

AFFIDAVIT OF PUBLICATION

HEDWO PLANNIMNG SECTHIN
ATTH: FAM BEHM
[617 MAIL SERVICE CEMTER
RALEIGH NC 27599

NORTH CAROLINA
ROWAN COUNTY

Before e undessipned & Norasy Poblhe of sxid Couiny and Stake, duly

ConEuTus e, qﬂ;‘ﬂiﬁ&d. amd suflorized by Taw i admmsier gaths, persomally
appearal WINFEED MENTION, who being first duly swom, deposes and siys
that be s ASEISTANT ADVERTISING DIRECTOR of the SALISRURY POST,
pubibished, isswesd and entersd as second class mail in the City of Salishary, in
said County amd State, that he is authorized to make this affidovit and swom
stulement  that the notice or other legal advertisement o tmue copy of which is
aached herein, was published in the SALISBURY FOET | on the

following dates:

050320086

andl thar the sabd newspaper o which siech notce, paper documisel o egal
advertisement wis published, af the time of esch and every such publication,

1 newspaper meeting 2ll the requiremenes amd qualifications of Section 1-397
of the (reneral Stamies of Nornh Caroling and was a qualified newspaper within
the meaning of Sectwmn [-397 of the General Stansies of Morth Carolma,

NGO, 33672 PUBLIC NOTICE 8
w13

Mo, 53672
o PUBLIC NOTICE
K}Wf‘:‘fﬂ:{ -:ﬂ.{] + . State of Morth Caroling - Division of Water Quality
- AL — Availabiity of the Total Maximum Dafty Load (TMDL)
5 for Fecal Caoliform for Sakem Creek and Turbidiy for
Sworn and subscribed before me Grants Creek in Norh Carolina

Copies of the TMDL are available may be obtained

by ealling Lincs Chavis al 919-733-5083, ext. 558 or

B on the interme! at htipdihEo.enr stale.nc.estmdl.
This Bth  day of May, 2006 Written comments regarding this: TMOL will be ac-
cepted untll June 2, 2006; Pleasa mall comments 1o

NCDWG Planning Section, Attn; Pam Behm, 1617

|
?f}f:’l M 1 ﬁ“:)l{.a.f'-ﬁ-t.,i_. Mall Sarvice Center, Raleigh, NG 27635

NOTARY PUBLIC
My Commision Expires 3 -3 -0
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Appendix E. Responsiveness Summary for “Total Maximum
Daily Load for Fecal Coliform for Salem Creek and
Turbidity for Grants Creek in North Carolina”

DWAQ received two written responses to the draft TMDL. Comments from specified
organizations are in italics as they appear in the delivered documents. DWQ’s response follows
in plain text.

The following comments were submitted to DWQ from D.R. Henderson, P.E., NC Department
of Transportation (NCDOT).

COMMENT: In response to DWQ'’s public notice of the April 2006 draft turbidity TMDL for
Grants Creek, the NCDOT would like to offer the following comments for your consideration:

o  We support DWQ’s decision not to identify the NCDOT as a significant contributor to
the impairment of Grants Creek from turbidity. In addition to the information
presented in the TMDL report, we believe DWQ'’s decision is further supported by the
following facts:

- The NCDOT'’s road right-of-way occupies the smallest percentage (~3%) of any
developed land cover category in the Grants Creek watershed. By way of comparison
the percentage of the watershed within the corporate boundaries of other NPDES
Phase 11 stormwater entities include Salisbury (~30%), Rowan County (100%), and
Kannapolis (~6%).

- The NCDOT has very few unpaved secondary roads in the watershed which might be
considered as a source of TSS. Over 98% of the state maintained roads in the
watershed are paved, thereby minimizing sediment loads from the road surface.

- Finally, and most significantly, the NCDOT did not receive any notices of violation
(NOVs) for failure to comply with applicable sediment and erosion control
regulations within the watershed during the TMDL analysis period (1997 — 2004).
This record of compliance also applies to the NCDOT's sediment and erosion control
activities throughout Rowan County for the period.

RESPONSE: DWQ did not expressly evaluate the NC DOT as a potential contributor. DWQ is
currently working with the NCDOT to develop methodology to evaluate the role of NCDOT
managed roads in contributing pollutants to impaired waterbodies.

COMMENT: Per the guidance outlined in Section 11.4 TMDL Involvement of DWQ'’s Fact
Sheet (dated November 2004) which accompanies the NCDOT's current NPDES permit
(NCS000250), we respectfully request that the following statement be included in Section 5.2
Implementation Plan of the TMDL report:
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“Based on the TMDL analysis presented in this report for Grants Creek, the
NCDOT was not identified as a significant contributor to the impairment.
Compliance with those NPDES permit (NCS000250) requirements applicable
within the TMDL area, excluding Part III — Section C, is expected to be sufficient
to meet the NCDOT’s WLA.”

RESPONSE: See response above. DWQ did not expressly evaluate the NC DOT as a
contributor to the impairment of Grants Creek. As such, DWQ cannot add the requested text to
the implementation plan of this TMDL document.

COMMENT: Please provide clarification as to the geographic extent of the segment of Grants
Creek impaired for turbidity. The description provided in Table 1.1 of the TMDL report, “From
SR 1910 to Yadkin River”, appears to be inconsistent with the stated length of the impaired
segment (1.2 miles). Using the NCDOT'’s county road map for Rowan County we measured a
distance of approximately 4 miles from where SR 1910 crosses Grants Creek downstream to the
confluence with the Yadkin River. A similar distance measurement was obtained from the
Salisbury USGS 7.5 minute topographic map. Additionally, Figures 1.3 and 1.7 in the TMDL
report appear to be inconsistent with the information in Table 1.1, as these maps imply that the
entire length (~18 miles) of the Grants Creek mainstem is impaired for turbidity.

RESPONSE: The impairment length of Grants Creek is incorrectly listed on the 303(d) list as
1.2 miles. The correct impairment length of Grants Creek for turbidity is 4.2 miles. This will be
corrected in the next 303(d) report. Additionally, Figures 1.3 and 1.7 were corrected
accordingly.

The following comments were submitted to DWQ from A. McDaniel, NC Department of
Transportation.

COMMENT: In Table 1.3 the area units should be acres instead of square miles.

RESPONSE: This has been corrected in the final TMDL document.

COMMENT: On p. iv there is a short list of information items, one of which includes "DOT a
Significant Contribution (Yes or Blank)". We believe this listing is a convenient quick reference
and hope you all continue to include it in future TMDL reports. We would like to request
however, that you include separate references to the DOT for each TMDL. In other words you
might want to say "DOT a Significant Contribution in Grants Creek (Yes or Blank)" and on the
next line include "DOT a Significant Contribution in Salem Creek (Yes or Blank)".

RESPONSE: DWQ has added this distinction to the final TMDL document.
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COMMENT: Additionally, we respectfully request that if the modeler's decision regarding
DOT as a significant contributor is something other than Yes (i.e. Blank), then the word "Blank"
be typed in. By typing in the word "Blank” then the reader has positive confirmation that a
decision was made as opposed to a situation where the modeler may have inadvertently omitted
information.

RESPONSE: DWQ follows EPA’s recommended format in which the space is left blank and
the word blank is not included. This format is geared towards expressly identifying when a
situation occurs, not when it does not occur or was not evaluated. For both Salem and Grants
Creek TMDLs, DWQ did not expressly evaluate the NCDOT as a potential contributor. DWQ is
currently working with the NCDOT to develop methodology to evaluate the role of NCDOT
managed roads in contributing pollutants to impaired waterbodies.
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"a " UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

%. REGICH 4
%?‘m 4 ATLANTA FEDERAL CENTER
61 FORSYTH STREET
"y -»m:.-i'E=c ATLANTA, GEORGIA 30303-8360
SEP 25 of

Mr. Alan W Elimek, P.E., Director

Division of Water Crality

MNogth Carolina Department of Environment and
Natural Resources

1617 Mail Service Center

512 N. Salisbury Street

Raleigh, NC 27689-1617

Dear Mr. Klimek:

The United States Environmental Protection Agency (EPA) has concluded a
review of the “"TMDL for Fecal Coliform for Salem Creek and Turbidity for Grants
Creek in North Carolina™ in Yadkin-Fee Dee River Basin, as submitted by letter on July
21, 2006, by the North Carolina Department of Environment and Natural Resources
(NCDENR). Based upon our review, we have determined that the statutory requirements
of the Clean Water Act (CWA), Section 303(d) have been met and hereby approve the
fecal coliform and turbidity TMDLs for the impaired segments identified as Sn]cm Creek
and Grants Creek.

The enclosed Decision Document summarizes the clements of the review which
were found to support EPA's approval of the TMDL. If you have any comments or
questions relating to the approval of this TMDL or the enclosed Decision Document,
please contact Bill Meivilie of my staff ar (404 S62-0266,

James D Giattina, Direcior
Water management Division

Enclosure

oo Michalle Woolfolk
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Purpose

The purpose of this Water Quality Recovery Program (WQRP) is to reduce the levels of
fecal coliform to the maximum extent practicable, in accordance with the assigned MS4
NPDES regulated Waste Load Allocation (WLA) identified in the approved Fecal
Coliform Total Maximum Daily Load (TMDL) for Salem Creek.

The goals of this Water Quality Recovery Program (WQRP) are to identify BMP’s,
management strategies, time frames and costs necessary to address the MS4 NPDES
regulated Waste Load Allocation (WLA) identified in the TMDL, which in turn will
assist in returning the impaired segments to compliance with state water quality
standards.

Background

Salem creek is located within the Yadkin-Pee Dee River Basin in the Piedmont
physiographic region and is composed of class “C” waters. The Salem Creek Watershed
is located entirely within Forsyth County and the majority of the watershed is located
within the municipal limits of the City of Winston-Salem. The watershed is located
within hydrologic unit 030400101170060 and DQW subbasin 03-07-04. Salem Creek is
currently impaired for fecal coliform bacteria. The impaired segment of Salem Creek
originates at the Salem Lake Water Supply Dam and travels in a southwesterly direction
to the confluents with Muddy Creek. Brushy Fork Creek and Peters Creek are
tributaries to Salem Creek. The impairment length of Salem Creek is 12.0 miles.

The Salem Creek Watershed measures 44,894 acres, or 70.15 square miles of drainage
area. A significant portion is within the municipal limits of the City of Winston-Salem.
Portions of the upper and middle Salem Creek watershed drain down-town Winston-
Salem which would be considered an ultra urban land-use. Therefore, urban runoff can
contribute significant amounts of pollutants to water bodies. However, much of this
runoff is regulated with the NPDES Phase | and Il program (EPA, 2000). This rule
applies to a unit of government such as a city or county, which owns or operates a
municipal separate storm sewer system (MS4). All medium and large municipalities
which own or operate an MS4 are required a National Pollutant Discharge Elimination
System (NPDES) permit in order to discharge stormwater to the water of the State.
Stormwater discharged from the MS4 is considered a point source discharge. The City
of Winston-Salem currently holds an NPDES permit to discharge stormwater to the
waters of the State.

The TMDL for Salem Creek was developed by the North Carolina Department of
Environment and Natural Resources (NCDENR), Division of Water Quality and the
United States Environmental Protection Agency (EPA) approved the TMDL on
September 25, 2006.
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Figure 1 below shows the watersheds within the City of Winston-Salem and figures 2-5
show the impaired reach and tributary streams, MS4 outfalls and land uses within the
impaired watershed. Figure 6 on page 16 shows the WQRP life cycle process.

Drainage Basins of
Winston-Salem

Figure 1: Watersheds of Winston-Salem
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TMDL WQRP Implementation Team

During year 3 of the WQRP plan, a team of representatives will be assembled from
various City and County agencies with a vested interest in the TMDL process. With
fecal coliform as the pollutant of concern (POC), it is expected that City agencies such
Stormwater, Utilities, Streets, Sanitation, Engineering and Inspections will be part of
the implementation team. In addition, County agencies such as the Forsyth County
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Department of Health and Forsyth County Extension Services would be represented in
the TMDL WQRP implementation team. However, it is expected that the Stormwater
Services Division, as the NPDES oversight entity would be responsible for sampling
and monitoring efforts, program implementation, data, interpretation, BMP
implementation, program effectiveness, reporting requirements and overall coordination
of the WQRP.

Public Education and Outreach Program

During year 3 of the WQRP, a Public Education and Outreach Program will be
established and maintained to provide information concerning the WQRP centered on
the POC. At a minimum, a website will be established to document and distribute
information, programs and results. Additional items may be included such as:

e Participation in public events such as Earth Day, Fairs, etc.

e Presentations to Schools, Special Interest groups and other interested
organizations.

e Adopt-a-Stream and Storm Drain Stenciling and Marking activities.

e Door hangers in neighborhoods or other special interest areas.

e TV13 advertisements.

Pollutant of Concern

The pollutant of concern and the focus of the WQRP are fecal coliform outputs from the
MS4. The loading of the pollutant of concern represents the waste load portion of the
TMDL. Requirements under state water quality standards require that fecal coliform
bacteria counts shall not exceed a geometric mean of 200/100 ml (membrane filter
count) based upon at least five consecutive samples examined during any 30 day period,
nor exceed 400/100 ml in more than 20 percent of the samples examined during such
period. Overall reduction is based on the instantaneous standard of 400 cfu/100ml and is
assumed to be more stringent than the geometric mean standard.

The approved Salem Creek TMDL has a WLA of 7.49E10 (colony forming units
(cfu)/day), and a TMDL allocation of 9.14E11 (colony forming units (cfu)/day) and
requires an 84% overall reduction.

TMDL Allocation Summary: Fecal Coliform (colony forming units (cfu)/day

Existing Percent
Watershed | Exceeding WLA LA MOS TMDL .
Reduction
Load
Salem 0
Creek 5.74E12 7.49E11 7.37E10 9.14E10 9.14E11 84.1%
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Point sources of fecal coliform consist primarily of large and small industries,
wastewater treatment plants, and MS4s. As authorized by the Clean Water Act, the
DWQ regulates the NPDES permit program to control water pollution due to point
sources. Individual homes that are connected to a municipal system, use a septic system,
or do not have a surface discharge do not need an NPDES permit; however, industrial,
municipal, and other facilities must obtain permits if their discharges go directly to
surface waters. NPDES-Regulated Municipal and Industrial Wastewater Treatment
Facilities Discharges from wastewater treatment facilities may contribute fecal coliform
to receiving waters. Municipal treatment plants and industrial treatment plants are
required to meet surface water quality criteria for fecal coliform in their effluent. When
effluent coliform concentrations exceed surface water quality criteria, and result in
permit violations, action will be taken through the NPDES unit of North Carolina’s
Division of Water Quality. NPDES general permitted facilities are required to develop
pollution prevention plans to discharge domestic wastewaters from single-family
residences and other domestic discharges. The permitted flow of these facilities may not
in any case exceed 1,000 gallons per day. The facilities are required to measure BODS5,
total suspended residue, fecal coliform, and total residual chlorine (NCDENR).

Fecal coliform from nonpoint sources include those sources that cannot be identified as
entering the water body at a specific location. Nonpoint source pollution can include
both urban and agricultural sources and human and non-human sources. The nonpoint
sources of fecal coliform in the water bodies include wildlife, livestock (land
application of agricultural manure and grazing), urban development (stormwater runoff,
including sources from domestic animals), failing septic systems, and sewer line
systems (illicit connections, leaky sewer lines and sewer system overflows).

Potential Sources of Fecal Coliform Bacteria in Urban and Rural Watersheds.
(Source: Center for Watershed Protection, 1999)
e Combined sewer overflows
Sanitary sewer overflows
Illegal sanitary connections to storm drains
Sewered watershed
Illegal disposal to storm drains
Failing septic systems
Poorly operated package plant
Landfills
Human Sources
Non-sewered watershed
Marinas
Domestic animals and urban wildlife
Dogs, cats, rats, raccoons, pigeons, gulls, ducks, geese
Livestock and rural wildlife Cattle, horse, poultry, beaver, muskrats, deer
waterfowl
e Hobby farms
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Land use can contribute to fecal coliform runoff. Agricultural land alongside a stream
would contribute fecal coliform from livestock and manure applications. In addition,
when cattle have direct access to streams, feces may be deposited directly into a stream.
Runoff from urban surface is also a potentially significant source of fecal coliform
loadings. Urban lands may contribute fecal coliform from pets such as dog and cats.
Wildlife feces in runoff may be a frequent source of fecal coliform loading where forest
dominates the streamside.

Fecal coliform can originate from various urban sources. These sources include pet
waste, runoff through stormwater, sewers, illicit discharges/connections of sanitary
waste, leaky sewer systems, and sewer system overflows. Fecal coliform contamination
can be profound when sewer pipes are clogged or flooded by stormwater. Infiltration of
rainfall can enter the sewer system through cracks and leaks in pipes. This additional
flow volume, in combination with the existing sewer flow, can exceed the capacity of
the system resulting in a sanitary-sewer-overflow (SSO) (TMDL Final Report
NCDENR Salem Creek Watershed).

A study based on Antibiotic Resistance Analysis (ARA) was conducted by Map Tech
and HDR in the Salem Creek and Muddy Creek Watersheds and the presence of human,
livestock, wildlife and pet sources were confirmed. Dependant on the sample location,
all major categories had a significant presence, however, other than human, no
discernable pattern could be obtained as to the dominate source type. (Pathogen Source
Assessment for Salem Creek 2003).

MS4 Major Outfall Identification

During year 3 of the WQRP, an inventory and map will be developed detailing the
location of known major outfalls (as defined in the NPDES permit) within the NPDES
MS4 jurisdictional area that have the possibility of discharging the pollutant of concern
to the impaired segments or it’s tributaries as defined by the MS4 permit. The City of
Winston-Salem is well under way with this process.

During year 4 of the WQRP, a schedule will be developed to locate the position of
unknown major outfalls within the watershed that may discharge the pollutant of
concern to the impaired stream segment or its tributaries.

Monitoring Plan

During WQRP year 5, a monitoring plan will be developed for fecal coliform and
submitted to DWQ for approval. The goals of the WQRP monitoring plan will be to:
1. Identify the significant sources of the pollutant of concern related to MS4 regulated
WLA.

2. Evaluate the performance of BMPs utilized in the WQRP, where possible.

3. Assess progress toward the goals of the WQRP at the TMDL identified compliance
point.
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The monitoring plan will include components such as:
1. Written description and GIS map of sample locations

2. Monitoring methods

3. Sample type and frequency
4. Seasonal considerations

5. Sample analytical methods
6. Quality assurance

7. Record keeping

The monitoring plan shall include in-stream and/or major outfall monitoring at locations
deemed necessary to support assessment of activities in the WQRP to address the MS4
NPDES regulated Waste Load Allocation (WLA) identified in the TMDL. Where
appropriate, the permittee may reduce the monitoring burden by proposing to monitor
in-stream sites and/or major outfalls that the Division would consider substantially
similar to other in-stream sites and/or major outfalls in the defined TMDL watershed.
The monitoring plan shall be adjusted as additional in-stream sites and/or major outfalls
are identified in accordance with the schedule required in the Storm Water Management
Plan and as accumulating data may suggest.

BMP ldentification and Associated Costs

During WQRP year 4, the results of the watershed and water quality data analysis and
outfall identification will be utilized to develop initial BMP strategies aimed at
addressing the MS4 NPDES regulated Waste Load Allocation (WLA) identified in the
TMDL. As part of the BMP identification, existing programs, ordinances, initiatives,
etc., will be evaluated for applicability and use within the WQRP. Further assessment in
future WQRP years will evaluate if any additional BMPs should be employed to
address the MS4 NPDES regulated Waste Load Allocation identified in the TMDL to
the maximum extent practicable. This assessment will be based on factors such as
cost/benefit analysis, MEP standards, water quality data trends, status of activities &
accomplishments relative to defined end-point in the WQRP, etc.

Initial BMP strategies may include:
e Existing regulatory strategies and ordinances

e Targeted public education and outreach programs

e Development of a WQRP specific webpage

e Targeted public participation programs

e Increased IDDE efforts-stream walks, outfall inspections, etc
e Targeted municipal storm system maintenance activities

¢ Increased site inspections where applicable

e Targeted monitoring and complaint response

e Implementation of strategies/requirements for structural BMPs
e Low Impact Design (LID) strategies
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During WQRP year 7, an assessment of available data and cost benefit analysis will be
performed to determine effectiveness of BMP strategies.

Program Implementation Schedule

Program elements and associated activities identified in the WQRP will be conducted in
various permit years within the current and future MS4 NPDES 5-year permit terms.
The proposed implementation schedule for this WQRP is as follows:

1. Identify the purpose and goals of the TMDL Water Quality Recovery Program
(WQRP) by the end of year 2, (June 30, 2009).

2. ldentify the watershed and provide brief description by the end of year 2, (June 30,
2009).

3. Assemble a team of staff representatives from affected municipal agencies by the
middle of year 3, (January 30, 2010).

4. Establish a Public Education and Outreach Program by the end of year 3, (June 30,
2010).

5. Identify location and map major known outfalls in TMDL watershed by the end of
year 3, (June 30, 2010).

6. Conduct an assessment of the available data by the end of year 3, (June 30, 2010).

7. Develop and submit a schedule to discover and locate all other MS4 major outfalls
within the MS4 jurisdictional area that may be discharging the pollutant(s) of concern to
the impaired stream segments, to their tributaries, and to segments and tributaries within
the watershed contributing to the impaired segments by the end of year 4, (June 30,
2011).

8. Develop non-structural and structural BMP strategies by the end of year 4, (June 30,
2011).

9. Develop a WQRP monitoring plan for the pollutant of concern and submit to DWQ
for approval by the end of year 5, (June 30, 2012).

10. Develop a schedule to implement appropriate regulatory strategies, non-structural
BMPs, and structural BMPs to control the pollutant(s) of concern to the maximum
extent practicable by the end of year 5, (June 30, 2012).

11. Conduct Year 6 WQRP assessment by the end of year 7, (June 30, 2014 and annual
thereafter).
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12. Conduct a cost-benefit analysis by the end of year 7, (June 30, 2014 and annual
thereafter).

13. Define the end point of the WQRP within MEP standards by the end of year 7,
(June 30, 2014).

Implementation of the Program to the Maximum Extent Practicable

During WQRP year 7, an assessment of available data, BMP strategies, cost benefit
analysis, and WQRP effectiveness will be conducted and utilized to define the end point of
the WQRP within MEP standards. As part of this, activities being conducted to address the
MS4 NPDES regulated Waste Load Allocation (WLA) identified in the TMDL will be
evaluated and defined as to their contribution toward reaching the end point in the WQRP.
The results of the analysis and definition will be used to prioritize locally limited funding
aimed at elimination of the greatest MS4 waste load allocation reduction for the least
amount of expenditure.

WOQRP Assessment

During WQRP year 3, an assessment of available watershed and water quality data will
be performed and utilized to assist in developing initial BMP strategies. Subsequently
during WQRP year 7, an assessment of activities conducted under the WQRP will be
performed to evaluate the overall progress of the WQRP. The assessment will include a
review of programmatic management measures, existing water quality data, watershed
data, cost benefit analysis, monitoring data and other relevant data. The assessment will
be used, where possible, to evaluate the performance of existing BMPs and identify
additional BMP strategies as necessary.

WQRP Reporting

Activities and assessments conducted under the WQRP will be reported to DWQ along
with the annual report submitted each year for the MS4 NPDES permit. Annual
compliance with the WQRP implementation schedule will constitute compliance with
the overall WQRP. The annual report for the WQRP will include, as applicable per WQRP
schedule, the following:

e The initial WQRP and subsequent components based on Implementation Schedule.
¢ Discussion on the status of the WQRP and schedule.

e Discussion of activities conducted for WQRP and progress made toward meeting
program elements during report year.

¢ Annual cost of WQRP.

¢ An assessment of available data collected under the monitoring plan for each
pollutant of concern.

¢ An assessment of the performance of BMPs employed, where possible.
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e A map showing the location of major outfalls in TMDL watersheds with the
potential for discharging the pollutant of concern.

e A schedule for locating currently unknown major outfalls that may potentially
discharge the POC in TMDL watersheds.

e |dentification of in-stream and outfall sampling locations.
e |dentification of additional BMPs, if necessary.

Following any review and comment by the Division on the TMDL Water Quality Recovery
Program, the permittee shall incorporate any necessary changes into the program. The

permittee shall incorporate the revised TMDL WQRP into the Stormwater Management
Plan.
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Water Quality Recovery Program Life Cycle

Program Development

Establish a TMDL WQRP, identify outfalls,
develop a schedule for identifying outfalls
and develop a monitoring plan.

Implementation

Improvements

VV VV

Adapt the program as necessary or appropriate

Implement appropriate monitoring and BMPs
Incorporate the TMDL WQRP into the
Stormwater Management Plan

Implement public participation and outreach
Implement staff development

Program Evaluation

Data Collection and Documentation

Assess the effectiveness of the program at meeting

TMDL targets

Assess program activities and data
Complete a cost-benefit analysis

VVVY V¥V

A\

Current and potential outfalls with the potential of
discharging the pollutant(s) of concern
Monitoring Data

Data on structural and non-structural BMPs

Data on public participation and outreach
activities

Data on staff development

Data on implementation and administration cost

Figure 6: Water Quality Recovery Plan Life Cycle
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MASTER PLAN UPDATES

The City of Winston Salem, since the early 1990°s prepared Watershed Master Plans for each of their
15 watersheds that encompass the jurisdictional area of the City’s drainage system. These Master
Plan documents were delivered to the City for their use in a hard copy paper format. The City has
prepared updates to these documents to reflect the growth in the city storm water system as well as
the growth in the development of the city. Increased development may create additional problems to
the drainage system thereby impacting the residents of Winston Salem.

The purpose of this document is to update the previous Master Plan Documents with current and
future land use conditions, updated water quality estimates, and current storm drainage conveyance
systems, and assess the previously identified recommended Capital Improvement Project areas.
Updates to these recommendations are included. Furthermore, this document will be developed as a
“Virtual Master Plan” where it will be housed electronically by the City with the data and
information on improvements accessed via links embedded into the document. Geographical data
associated with the city storm water system will be contained in the City’s GIS Geodatabase, and
accessed through the hyperlinks.

Alternative improvement options were not revisited as part of this update, rather the
recommendations were assessed to determine if adjustments were necessary due to a change in land
use, which in turn would generate a different hydrologic runoff condition.

PROJECT GOALS

The goals of the Upper Salem Creek Watershed Master Plan are threefold. First, the Master Plan
includes a comprehensive update of the existing municipal separate storm sewer systems (MS4)
inventory. Second, the Master Plan identifies areas of existing and potential future flooding based on
existing and projected development patterns. And third, the Master Plan assesses the impacts of
storm water discharges on the water quality of the region’s streams.

Traditionally, MS4s have developed in a haphazard fashion associated principally with roadway
drainage. Storm water conveyance structures were designed and constructed by diverse groups such
as the developers, North Carolina Department of Transportation (NCDOT), and the City of Winston-
Salem (City) Streets Department. A central repository of storm water conveyance structures has
never been maintained. Therefore, a principal goal of this Master Plan is to develop a complete
inventory of the MS4 system. To this end, Section 2.4.3 discusses the condition of the MS4 system
within the Upper Salem Creek watershed. The reader is referred to the Storm Water Division for
more detailed information including a storm water structure database inventory.

This Master Plan addresses the existing and projected flooding within the Upper Salem Creek
watershed. The mainstem of the Upper Salem Creek watershed has been included in previous
Federal Emergency Management Agency (FEMA) studies. While FEMA Flood Insurance Studies
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are the official regulatory document for floodplain identification within Winston-Salem, they are
lacking in three areas: 1) they are based on very coarse hydrologic information, 2) they do not
include drainage areas smaller than 1 square mile, and 3) they do not consider the impacts of future
development patterns. This Master Plan addresses these deficiencies by using more detailed
hydrologic techniques as discussed in Sections 3.3.1 and 3.4.1. Additionally, the detailed analysis
within the City limits has been extended to areas as small as, or smaller than, 50 acres. Therefore,
while not regulatory, the floodplains delineated in in Section 6 are a more accurate
representation of expected floodplains for planning purposes. Lastly, the floodplain delineation
noted above includes considerations of future development patterns for the build-out land use
conditions in addition to an analysis of current conditions.

This Master Plan also addresses water quality within the Upper Salem Creek watershed. One driver
behind development of the City’s Storm Water Management Program, of which this Master Plan is
one component, is the United States Environmental Protection Agency’s (USEPA) discharge permit
requirements for MS4 systems. This Master Plan calculates expected maximum and Event Mean
Concentrations (EMCs) for pollutants typically associated with urban runoff. Section 4 provides
general recommendations regarding suitable Best Management Practices (BMPs) that could be
employed within the Upper Salem Creek watershed. However, because recommendations of BMPs
is not a watershed-specific objective, formal implementation of a BMP program is deferred until
Master Plans have been completed for all Salem Creek watersheds.

WATER QUALITY ISSUES

The results presented in Section 4 identify EMC and maximum concentration values for the non-
point source constituents modeled in this Master Plan for the existing and future land use conditions.
North Carolina action levels were used to evaluate the model results and determine which pollutants
exceed the action level criteria for in stream concentrations. In the Upper Salem Creek watershed,
Copper (Cu) EMC and maximum concentrations were found to be above the action level in both land
use scenarios and maximum concentrations for Zinc (Zn) was found to be above the action level both

land use scenarios. This information is summarized in [Table 4.2-3

RECOMMENDED PROGRAM

The recommended program for Upper Salem Creek consists of 19 improvements with a total
estimated cost of $28,919,000. Of the 19 recommended improvements, 10 fall under the control of
the City of Winston-Salem with a total estimated cost of $16,781,000. These 10 City improvements
are broken into buyout of flooded properties ($254,300) and capital improvement projects
($16,526,700). The remaining nine improvements consists of three roadway improvements that fall
under the control of NCDOT roadway with an estimated total capital cost of $11,629,00 and six
stream bank erosion repairs/restoration with an estimated total capital cost of $508,500.
Improvement locations are referenced by their improvement codes in The following
tables give a brief description of each improvement and the associated cost as referenced by the
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improvement code. [Fable ES-1 describes all structural flooding improvements, [Table ES-2 includes

the prioritized list of all roadway overtopping improvements in the City of Winston-Salem program,
and |[Fable ES-3 describes all roadway overtopping improvements in the NCDOT/Private program.
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SECTION 1 - INTRODUCTION

1.1 PROJECT AUTHORITY

The City of Winston-Salem is preparing this Master Plan under authority to protect the public
welfare as granted through the City Charter and in response to requirements contained within the
City’s Storm Water National Pollutant Discharge Elimination System (NPDES) permit.

1.2 PROJECT BACKGROUND

Urban drainage and flood control is one of the oldest areas of Public Works. Prior to the advent of
city-wide water and sewer systems, municipalities had been draining land and removing storm water
from street surfaces. Winston-Salem was fortunate to develop at or near the headwaters of streams
rather than in low-lying floodplains. Therefore, the upstream drainage areas were too small to
produce widespread regional flooding. Thus, drainage and flood control consisted principally of
curbside catchbasins and culvert pipes to convey storm water to the nearest natural channel.

Urban development within a watershed generally results in an increase in the percent impervious,
i.e., more hard surfaces, with a concurrent increase in runoff associated with any given storm event.
Therefore, stream channels and culverts that were adequate prior to urbanization may become
inadequate as the watershed develops. This results in more frequent stream channel flooding and
backwater flooding from undersized culverts. The City of Winston-Salem addresses these problems
as funds would allow, through street and drainage improvement projects. However, funding did not
allow a comprehensive evaluation of all of the drainage problems and interrelationships within the
City, or even individual watersheds.

The 1987 Amendments to the Clean Water Act recognized urban runoff as a major contributor to the
Nation’s water quality problem. Thereafter, storm water issues became as closely allied with water
quality issues as they had been previously associated with flood control. In other words, quality
became as important as quantity.

The 1987 Amendments required medium and large municipal MS4 systems to obtain NPDES
permits for their storm water discharges. Winston-Salem met the definition of a medium sized
municipality (population 100,000 to 250,000). The NPDES permit application process consisted of
two parts. The Part 1 NPDES application was submitted May 16, 1992, and the Part 2 NPDES
application was submitted May 17, 1993.

The Part 1 NPDES application consisted of a review of the City’s legal authority, identification of
known major storm sewer outfalls, discharge characterization based on rainfall records and dry
weather pollutant screening, a description of a proposed wet weather sampling program, a description
of existing management programs and, lastly, a description of available fiscal resources. The Part 1
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NPDES application determined that the City had some, but not all, of the legal authority necessary to
implement the USEPA mandated program. Specifically, the elements of a potential storm water
program were dispersed among several City departments, and that funding was inadequate to meet
the overall program requirements. Additionally, the Part 1 NPDES application highlighted the lack
of a comprehensive inventory of storm water facilities.

The Part 2 NPDES application carried the Part 1 NPDES application a step further. It included
specific legal authorities needed, an inventory of all major industrial storm water dischargers,
presentation of pollutant wet weather sampling results, development of a storm water management
plan, and recommendations for a funding vehicle. The Part 2 NPDES application led to creation of
the City’s Storm Water Utility in 1994. The most important aspect of the Part 2 NPDES application
as it pertains to this Master Plan was the development of the proposed Storm Water Management
Program.

The City’s Storm Water Management Program has five major components: 1) master planning, 2)
pollutant monitoring, 3) facility inventory, 4) illicit connection investigation and control, and 5)
public education. This Master Plan partially fulfills the first and third requirements of the Storm
Water Management Program. Recently the City has had their NPDES permit updated to include
various additional elements that are included under Phase Il of the NPDES program which targeted
smaller municipal governments (i.e. those less than 100,000 population and other select entities), and
includes focus on water quality recover plans, TMDLs, additional water quality measures for
pollutants of concern. To meet the needs of NPDES Phase 1, the City includes in their program the
following measures:

e Public Education/Awareness

e Public Outreach/Involvement

o lllicit Discharge Detection and Elimination
e Construction Site Runoff Controls

e Post Construction Site Runoff Controls

e Good Housekeeping of Municipal Facilities
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1.3 PROJECT GOALS AND OBJECTIVES
1.3.1 General

The goal of the Upper Salem Creek Watershed Master Plan is to provide a comprehensive evaluation
of flood control and water quality issues within the watershed. This goal will be met within the
constraints of the authority of the City MS4 system.

The objectives of the study are threefold. First, the Master Plan includes a comprehensive update of
the existing municipal separate storm sewer systems (MS4) inventory. Second, the Master Plan
identifies areas of existing and potential future flooding based on existing and projected development
patterns. And third, the Master Plan assesses the impacts of storm water discharges on the water
quality of the region’s streams.

1.3.2 Storm Sewer Inventory

Traditionally, MS4s have developed in a haphazard fashion associated principally with roadway
drainage. Storm water conveyance structures were designed and constructed by diverse groups such
as the developers, North Carolina Department of Transportation (NCDOT), and the City of Winston-
Salem Streets Department. A central repository of storm water conveyance structures has never been
maintained. Therefore, a principal goal of this Master Plan was to develop a complete inventory of
the MS4 system.

A detailed field survey of storm sewer facilities was completed. Global Positioning Satellite (GPS)
surveys of all identifiable storm sewer structures were made. Where buildings and/or leaf cover
prevented GPS survey location, the facilities were located by conventional ground survey techniques
using a total station. Following the GPS location, a second “sweep” of the watershed was made to
attribute the type and condition of each located structure. From this information, a Geographical
Information System (GIS) coverage was made for the storm sewer system. Using ArcView, City
staff can highlight any storm sewer structure and call up an attribute table that contains pertinent
information on the structure. Additionally, the attribute tables can be queried to show all structures
meeting certain conditions. The reader is referred to the Storm Water Division within the City’s
Streets Department for more detailed information including a 1” = 200’ scale mapping and storm
water structure database inventory.

It is important to note that the storm sewer inventory only includes structures within the City’s MS4
system. The City defines its MS4 system as those structures within City Rights-of-Way.
Specifically, this excludes systems wholly within private property such as large private storm sewer
systems at shopping malls and industrial facilities. Unless otherwise noted in the Illicit Discharge
Ordinance. Where a storm sewer structure originates on public right-of-way but then leaves the
public right-of-way and crosses private property, the entire structure was located, if possible.
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However, in cases where the end of the structure was obscured, behind a private fence, etc., only that
portion of the structure on public right-of-way was located and attributed.

1.3.3 Flood Control and Drainage

This Master Plan addresses existing and projected flooding within the Upper Salem Creek watershed.
The mainstem of the Upper Salem Creek watershed has been included in previous FEMA studies.
While FEMA flood insurance studies are the official regulatory document for floodplain
identification within Winston-Salem, they are lacking in three areas: 1) they are based on very coarse
hydrologic information, 2) they do not include drainage areas smaller than 1 square mile, and 3) they
do not consider the impacts of future development patterns. This Master Plan addresses these
deficiencies by using more detailed hydrologic techniques. Additionally, the detailed analysis within
the City limits has been extended to areas as small as, or smaller than, 50 acres. Therefore, while not
regulatory, the floodplains delineated in this Master Plan are a more accurate representation of
expected floodplains for planning purposes. Lastly, the floodplain delineation noted above includes
considerations of future development patterns in addition to an analysis of current conditions.

Specifically, this Master Plan identifies the expected future hydrology for the watershed considering
reasonable land use changes based on expected population growth. For the present time and the
future build-out land use conditions, the 10-, 25-, 50-, and 100-year flood events were investigated.
Problems were identified for the existing system without any improvements at the present flows.
Alternatives were evaluated and solutions recommended based on the future flows.

Tables in Section 5 highlight current and expected flows and flood elevations for the 10-, 25-, 50-,
and 100-year events for existing, present and future land use conditions at critical locations within
the Upper Salem Creek watershed. This information for all modeled nodes is presented in the
Appendix. This information is of critical use in evaluating future developments within the
watershed. As long as future flows and flood elevations are below the predicted flows and
elevations, then the capacity of the improved overall system will be adequate through planning
period.

1.3.4 Water Quality

This Master Plan also addresses water quality within the Upper Salem Creek watershed. As noted in
the Executive Summary, one driver behind development of the City’s Storm Water Management
Program, of which this Master Plan is one component, is the USEPA’s discharge permit
requirements for MS4 systems.

For purposes of this Master Plan, expected maximum and Event Mean Concentrations (EMCs) for
pollutants typically associated with urban runoff were calculated. The results presented in this
Master Plan are based on land use buildup/washoff rates calibrated using the limited data collected
during the Part 2 NPDES application. Because of this, HDR urges extreme caution in applying these
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results and recommends that they be considered Order-of-Magnitude estimates of expected water
quality. Ongoing watershed monitoring efforts as an independent element of the City’s Storm Water
Management Program should be used to validate the results presented in the individual watershed
master plans.

Section 4 makes general recommendations regarding suitable BMPs that could be employed within
the Upper Salem Creek watershed. However, formal recommendation for implementation of a BMP
program is deferred until Master Plans have been completed for all Salem Creek watersheds.
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SECTION 2 - WATERSHED DESCRIPTION

2.1 GENERAL

The Upper Salem Creek watershed is located in the east-central vicinity of the Winston-Salem
municipal limits, which includes downtown Winston-Salem. The watershed extends upstream toward
the northeast, from the confluence of Upper Salem Creek and Peters Creek to Salem Lake. The
watershed measures approximately 7.0 square miles, with all of the drainage area being contained
within the Winston-Salem municipal limits. The drainage area is roughly bounded by sections of
Hutton and Broad Streets on the west, Salisbury Ridge Road and Waughtown Street on the south,
Salem Lake Road on the east, and sections of Old Greensboro Road and Dr. Martin Luther King, Jr.
Drive on the north.

2.2 PHYSICAL CHARACTERISTICS
2.2.1 Topography

Topography of a watershed refers to the characteristics and features of the land surface, such as slope
and channel width. The slope of a watershed influences the rate at which precipitation falling on the
land surface will be conveyed to the outlet point of the watershed. All other parameters considered
equal, as the slope of a watershed increases, the faster the water travels to the outlet point. Although
there can be a great deal of variation in slope magnitude and direction within a watershed, there are
two main slope values of particular interest—average overland slope and average channel slope.
Overland slope gives an indication of how fast runoff will travel on the land surface to a drainage
channel, and channel slope relates how quickly the runoff will be routed to the outlet point of the
watershed. Watersheds in the Piedmont area typically have a much steeper overland slope than
channel slope.

Elevation measurements and slope calculations were performed using the Geographic Information
System (GIS). HDR obtained attributed digital contour data, based on 1997 ortho-rectified aerial
photography from the City-County Planning Board. From this data, a digital terrain model (DTM)
was constructed in GIS for slope and other topological calculations.

The Upper Salem Creek watershed is characterized by typical Piedmont terrain. The land is
relatively steep, with an average terrain slope of about 10 percent. The overall slope of the main
channel is approximately 0.2 percent. Elevation in the watershed ranges from 727 ft. NAVD at the
confluence of Upper Salem Creek and Peters Creek to 966 ft. NAVD in the upper ranges of the
watershed.
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2.2.2 Soil Types

The types of soils present in a watershed have a significant impact on the amount of runoff a given
storm will produce for modeling purposes, the different soil types were grouped by their texture as
loam soil, sandy loam soil, and loamy sand soil. In general, one would expect that loamy sand soil
would have the best infiltration capacity, followed by sandy loam soil, and lastly, by loam soil.

Information on the soil types and characteristics in the Upper Salem Creek watershed was compiled
by developing a digital soils database in GIS. Soil survey maps published by the Soil Conservation
Service (SCS) were digitized and scanned into GIS, and then all the soil polygons were attributed
with the soil symbols shown on the maps. This information was then combined with another
database to obtain symbol, series, and texture for each soil polygon. shows the relative
representation and general hydrologic characteristics for the different soil series found in the Upper
Salem Creek watershed.

The Upper Salem Creek drainage basin consists of over 10 different soil types, of which the
Chewacla and Pacolet series account for about 83 percent of the total watershed area. For modeling
purposes, the different soil types were grouped by their texture as loam soil, sandy loam soil, or
loamy sand soil. The majority of the watershed consists of sandy loam soils, which are generally
located in the upland areas of the watershed. There is a significant amount of loam soil located along
stream channels and other bodies of water, while the presence of loamy sand soil is minor.

2.2.3 Natural Drainage Systems

The drainage system in the Upper Salem Creek watershed consists of both natural channel and closed
conduit sections. The total length of the drainage system modeled is approximately 22.2 miles,

The majority of the storm water conveyance system consists of open channels. Of the total 22.2
miles of conveyance length modeled, 14.8 miles are open channels consisting of major creeks and
tributaries. Although 18 tributaries in the Upper Salem Creek watershed were modeled, Upper
Salem Creek is the only major creek.

2.3 ENVIRONMENTAL CHARACTERISTICS

Biological monitoring, or bioassessment, is a cost-effective way to determine water quality problems
since biological communities reflect general ecological integrity. Biological communities change
due to the type and duration of pollutants within the water column. An understanding of those
changes can be an effective way for the public to relate to water quality and pollution problems.
Organisms living in streams are exposed to the aquatic environment during most, if not all, of their
life. Each organism has certain requirements for sustaining growth and reproduction. By observing
the types and abundance of the organisms present, a trained investigator can accurately determine the
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predominant environmental conditions within the stream. By combining bioassessment with
traditional chemical analyses, a more robust water quality assessment can be obtained.

The United States Environmental Protection Agency (USEPA) Rapid Bioassessment Manual —
EPA/444/4/89/001 (Plafkin et al. 1989), examines existing biotic communities in addition to water
chemistry to determine stream health. In 1999, eight sites (SU1-SU8) within the Upper Salem Creek
watershed were examined for fish populations, aquatic insects, freshwater mussels, and other
organisms that live in the stream ). Additional water quality parameters, including
temperature, dissolved oxygen, total dissolved solids, conductivity, and elemental water chemistry
were recorded. Riparian vegetation, siltation, bed load conditions, litter presence, stream bank
conditions, and channel stability were also examined at each site. A review of these issues assisted in
determining and prioritizing urban water quality Best Management Practices (BMPs) improvements
within each watershed for the 2002 Final Upper Salem Watershed Master Plan (2002 Master Plan).
All eight sites were re-sampled in March of 2009. This section will provide a comparison of the 1999
and 2009 results.

The Upper Salem Creek watershed covers an area of approximately 4,450 acres (6.95 square miles)
and extends from the base of Salem Lake dam to an area immediately north of Interstate 40. A
portion of the watershed is contained within the city limits and has been extensively urbanized, with
large residential and commercial areas. Upper Salem Creek receives flow from Brushy Fork Creek,
Berry Branch, Cloverleaf Branch, and four unnamed tributaries.

Riparian areas within the project area were typical of those found in urban watersheds and ranged
from relatively disturbed to very disturbed. Riparian vegetation has been removed to accommodate
residential and commercial developments. Riparian buffer widths varied from narrow corridors of 0
to 10 feet to broad corridors greater than 50 feet. Woody species were dominated by early
succesional species that included box elder (Acer negundo), sycamore (Platanus occidentalis), red
maple (Acer rubrum), sweetgum (Liquidambar styraciflua), river birch (Betula nigra), and black
cherry (Prunus serotina). Non-native invasive species were present throughout and included Chinese
privet (Ligustrum sinense), multiflora rose (Rosa multiflora), Japanese honeysuckle (Lonicera
japonica), English ivy (Hedera helix), and Nepal grass (Microstegium vimineum).

A survey of the fish community was conducted at all eight sites previously surveyed in 1999.
Sampling techniques were based on the USEPA Rapid Bioassessment Protocol V (RBP V) (Plafkin
et al 1989). Each sampling reach was approximately 100 meters in length. Electo-fishing all
available habitats took 60 to 90 minutes at each sampling site. All available fish were released after
being identified and counted.

Results were calculated using the North Carolina Index of Biological Integrity (NCIBI). The NCIBI
was developed for assessing a stream’s biological integrity by examining the structure and health of
its fish community using the cumulative assessment of 12 parameters or metrics. These 12 metrics
are grouped into five categories that include species richness and composition, indicator species,

Upper Salem Creek Watershed Master Plan 19





trophic function, abundance and conditions, and reproductive function. Sites may then be compared

by their index values for the relative impact of pollution [[Fable 2.3-1))!

The 2009 fish assessment revealed that fish communities and number of species collected had some
variation from the 1999 sampling. The integrity class remained “Poor” with an average score of 23.
Fish communities were dominated by omnivorous and insectivorous fish exhibiting intermediate to
high tolerance to pollution. The highback chub (Hybopsis hypsinotus) was the only intolerant species
collected within the watershed at sites, SU2, SU7, and SU8. The majority of the fish collected were
insectivores. Creek chubs (Semotilus atromaculatus) and redbreast sunfish (Lepomis auritis) were
found at every site and were the only species observed at sites SU5 and SU6, respectively. The
brown bullhead (Ameiurus nebulosus) was the only omnivorous species collected at site SU7.
Largemouth bass (Micropterus salmoides) and flathead catfish (Pylodictis olivaris) were the only
piscivores collected within the watershed. Many of these sites supported populations of salamanders
as noted on the Field Data Sheetd located in Appendix. Chart 2.3.1 summarizes the 1999 and 2008
NCIBI scores for the Upper Salem Creek watershed.
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Chart 2.3-1 IBI Scores for Upper Salem Creek Watershed

There were some differences in the numbers and species caught in the comparison years. Most
notably, fish were caught at sites SU5 and SU9 where no species were collected during the 1999
assessment. In 2009, the NCIBI scores have declined at five of the eight sampling sites and can
attributed to the decrease of species diversity and number of individuals collected between sampling
periods.

The 2009 field assessments revealed that all sites have poor to fair instream habitat and have been
adversely impacted by the surrounding urbanized area as indicated by the presence of garbage,
debris, erosion, and sedimentation. Variability between sites and sampling events may be due to
seasonal variations, habitat degradation, and the ongoing drought conditions this region has been
experiencing. Consistent, continued monitoring will improve the analysis of the watershed’s
biological integrity.

Benthic macroinvertebrates were surveyed in conjunction with fish and physio-chemical sampling at
the eight sites. Sampling techniques were based on the USEPA Rapid Bioassessment Manual -
EPA/444/4-89-001, Bioassessment Protocol I (RBP 1) (Plafkin et al 1989). RBP | is a screening
technique that involves documentation of the benthic faunal community and generates a limited
amount of data. The components of the benthic macroinvertebrate community that are commonly
used to evaluate water quality are the EPT taxa. The EPT taxa include species belonging to the
insect orders Ephemeroptera (mayflies), Plecoptera (stoneflies), and Tricoptera (caddisflies). These
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orders are generally the least tolerant to water pollution and therefore are very useful indicators of
water quality.

EPT taxa were present at all sites; however the relative abundance and species diversity were
variable. EPT taxa collected consisted of fairly tolerant species including hydropsychid caddisflies
and heptageniid mayflies. SU1, SU4, and SU7 sites had the greatest diversity and abundance of EPT
taxa.

The presence of tolerant organisms including Oligochaeta (aquatic worms) and Diptera (flies)
indicated some degree of water quality impairment typical of urban watersheds. The Asiatic clam
(Corbicula fluminea), an invasive non-native mollusk, was found at four sites (SU1, SU3, SU4,
SU7). This nuisance species multiplies rapidly and has been known to colonize and damage
municipal and industrial water facilities. Ultimately it may additionally cause detriment to native
species. Sites that exhibited the most favorable habitat had the most diverse and abundant
macroinvertebrate assemblages. Benthic macroinvertebrate data are included in Appendix on the
Field Data Sheets.

Water chemistries and physical attributes were sampled in conjunction with the bioassessment. Field
meters were used for measuring in-situ chemical and physical characteristics. Chemical constituents
were detected using a LaMotte Water Pollution Detection Kit | (Model Am-22) using comparators
and direct titration methods. Two parameters, total dissolved solids (TDS) and carbon dioxide, were
measured at a North Carolina Division of Water Quality (NCDWQ) certified lab.

Water chemistry results revealed the presence of pollutants that are typically found in urban
watersheds that include extensive residential and commercial development ). The 2009
sampling indicated elevated nutrient levels including nitrate and phosphate within the watershed. The
strong presence of periphyton at sites SU5, SU6, and SU7 can be a biological indicator of nutrient
enrichment. Although, SU1 had the lowest dissolved oxygen levels, it did not fall below EPA
Freshwater Criteria or NCDWQ Class C standards. All sites exhibited consistent pH levels ranging
from 6.9 to 7.4. SUS5 experienced the greatest impairment, recording high conductivity, ammonia,
nitrate, and phosphate values.

Results from the Inductively Coupled Plasma Atomic Emission Spectroscopy Analysis (ICP)
analysis of water samples for the eight sampling locations provided evidence of impairment by
metals and other elements ). All eight sites exceeded NCDWQ Standard Class C
standards for silver (Ag), cadmium (Cd), lead (Pb), and selenium (Se). Trace amounts of nickel (Ni)
and zinc (Zn) were present in all samples. Very little to no amount was present in 1999.

Metals including cadmium, lead, iron, and zinc present within the Upper Salem Creek watershed
have a relatively high density and are toxic, highly toxic or poisonous at low concentrations. These
metals can be dangerous because they bioaccumulate. Bioaccumulation is an increase in the
concentration of a chemical in a biological organism over time, compared to the chemical’s
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concentration in the environment. Compounds accumulate in organisms when these chemicals are
absorbed and stored more quickly than they can be metabolized or excreted.

The 2009 ICP analysis revealed the presence of metals and other constituents throughout the
watershed. All sampling locations contained elevated levels as compared to the 1999 samples. No
particular pattern can be identified at this time due to lack of long-term continuous water quality
sampling data

2.4 URBAN DEVELOPMENT CHARACTERISTICS
2.4.1 Population and Land Use

Land use is a critical element for storm water planning. It impacts both the quantity and quality of
water being routed through storm water systems and natural channels. The effect land use has on
water quantity is generally linked to the amount of impervious area there is for a particular land use
category. The more impervious area a tract of land has, the faster the water will be routed to the
storm sewer system or channel, due to the loss of infiltration into the ground and lower surface
roughness of the land. In general, an area with a high percentage of impervious area will have a
quicker time to peak flow, and peak higher, than a similar area with a lower percentage impervious.
The effect land use has on water quality is driven by the type of activities a particular land use
defines. For example, the runoff from industrial land use would have much different water quality
characteristics than runoff from agricultural land use. The industrial runoff would likely contain
more heavy metals and toxic substances, whereas the agricultural runoff would likely contain high
nutrients and suspended solids.

The scope of this project was to model storm water quantity and quality for the present day and the
future “built-out” conditions so a land use database containing information for these scenarios had to
be created. The present day and the future “built-out” conditions land uses are shown in
and , respectively. Although, there was no comprehensive land use plan already available,
the county tax parcel database served as a starting point. The first step in developing a land use
database was to devise a land use scheme. A scheme containing 13 different land use groups,
developed by HDR, is shown in. Next, land use codes in the county tax parcel database

were assigned to an HDR land use group, as shown in [Fable 2.4-2.

Land use classifications in Upper Salem Creek range from undeveloped to high density
manufacturing, with the majority of the watershed being classified as roads and pavement, light
density single-family residential, and undeveloped land uses. The breakdown of land use within the
Upper Salem Creek watershed for present and future years is shown in
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2.4.2 Existing Water and Sewer Utilities

The geographic location and distribution of the existing water and sewer utility systems are of
concern in a watershed master plan, mainly with respect to potential flood and water pollutant
reduction strategies. Once the existing hydrologic and hydraulic conditions are assessed for a given
storm event, the engineer investigates potential solutions to alleviate problem areas. Most proposed
solutions require some construction and/or excavation, especially construction of a detention basin.
The location of water and sewer lines should be considered since they are very expensive to move,
and thus may cause the proposed solution to not be economically feasible.

Information describing geographic location and lengths of water and sewer lines was generated in
GIS. The water and sewer systems were obtained in a GIS file format from the Winston-Salem
Utilities Department, and then combined with existing watershed and municipal boundaries to
compute summary statistics.

A total of approximately 87.2 miles of existing water lines run through the Upper Salem Creek
watershed, all of which are within the Winston-Salem municipal limits. The water system is densely
distributed throughout the watershed, with the exception of areas adjacent to the 1-40 and Highway
52 interchanges, and a few large undeveloped tracts in the eastern section of the watershed.

The existing sewer system contains approximately 54.0 miles of sewer lines, all of which are within
the municipal limits. The sewer system has a similar distribution to that of the water system, except
in the eastern half of the watershed and less developed areas around Reynolds Park Road and Butler
Street where it is sparser.

2.4.3 Municipal Separate Storm Sewer System

The purpose of a municipal storm sewer system is to efficiently route storm water runoff within a
watershed, in order to minimize unwanted flooding, roadway overtopping, and environmental
degradation. It is important to have an inventory of the storm sewer system for storm water
modeling, among other issues such as structure maintenance and effective urban planning. For
modeling purposes, the storm sewer system helps to define watershed and subwatershed boundaries,
as well as hydraulic properties associated with channels, culverts, and pipes. The surveyed storm

sewer system inventory is presented in .

The model was to only include pipes with a diameter of 36 inches and greater, or pipes that drained
more than 50 acres. The total length of modeled closed conduits, such as culverts and storm drainage
piping, is approximately 24.3 miles. There were a total of 285 closed conduits included in the model,
comprised of 244 circular and arch pipes, and 41 box culverts and bridges.

The municipal storm sewer system is comprised of both line structures and point structures. Line
structures consist of storm sewer pipes and culverts, whereas point structures include catchbasins,
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drop inlets, manholes, junction boxes, and bridges (center point). A storm sewer inventory was
recently collected for the Upper Salem Creek watershed. The inventory included all structures inside
the right-of-way within the Winston-Salem municipal limits. The Upper Salem Creek watershed has

4,506 line structures and 3,701 point structures, for a total of 8,207 structures. About 99

percent of

the storm sewer system is comprised of circular pipes and catchbasins. [Fable 2.4-4 shows a

summary of the storm sewer structures in the Upper Salem Creek watershed.
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SECTION 3 — HYDROLOGIC/HYDRAULIC MODEL

3.1 MODEL OBJECTIVES
3.1.1 General

A key element of the master planning process is selection of a predictive hydrologic and hydraulic
model of the watershed, and the natural and man-made storm drainage system. The model should be
capable of analyzing control strategies for watershed master planning, evaluating Best Management
Practices, predicting flooding potential, evaluating existing facilities, and designing proposed
facilities.

Early in the master planning process, HDR evaluated several commonly used models. HDR
developed a comparative evaluation matrix for the selection of a hydraulic model for use in the
Upper Salem Creek watershed Master Plan. Table 3.1-1 shows the technical capabilities of the
various candidates for hydrologic and hydraulic models. The primary objectives of the computer
model selection and evaluation were:

e To identify current computer software available, appropriate for use in the analysis of
drainage systems.

e To identify the technical requirements for system modeling and determine the criteria for
model selection.

e To develop a comparative matrix to assist in the evaluation of technical capabilities and
performance for identified model options.
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Table 3.1-1

Technical Capabilities of Candidate Hydrologic and Hydraulic Models

Analysis of Channel
Hydrograph Existing Routing Water Adaptability
Model Model Generation Storm (Detention/ | Quality Surface Surcharge | to Land Use

Function Name and Routing Drains Retention) Routing Profiles Modeling Variations
Quantity | Advanced

ICPR X X X

HEC-1 X X X X

HEC-2 X X

HECWRC Flood Frequency Analysis

HYDRA X X X

ILLUDAS

/ILUDRAIN

X X X X

POND-2 Routing X X

QUICK

TR-55 X X X

SYNOP Data Analysis

TR-20 X X X X

Water

Works X X X X X X
Quantity | HSPF
& Quality X X X X X

STORM X X X

SWMM X X X X

P-8 X X X

3.1.2 Model Selection Criteria

HDR utilized the existing XP-SWMM models from the original Master Plan activity for this update.
The functional capabilities of this model can be seen in Table 3.1-2.
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Table 3.1-2
Functional Capabilities of Candidate Hydrologic and Hydraulic Models
Degree Of Complexity
Model Model Menu Model Documentation Output Tech.
Function Name Routing | Calibration Data Gen’l Driven Category Display Support
Reqg’d
uantit
Q y Adl\(/:a;éed M M M M yes event good excellent good
HEC-1 L L L L yes event excellent good excellent
HEC-2 - L L L yes event excellent good excellent
HECWRC - L L L - event good good good
HYDRA L M M M yes event excellent good excellent
ILLUDAS/
ILUDRAIN H M H H - event good good good
POND-2 L L L L yes event excellent excellent excellent
QUICK i
TR-55 L L L L event good excellent good
SYNOP - - - L - event/cont good good fair
TR-20 L L L L - event good good good
Water
Works L L M M yes event good excellent excellent
Quality & HSPF M H H H - event/cont fair fair fair
Quantity
STORM L L M M - cont. good fair good
SWMM H M H H - event/cont excellent good good
P-8 M M M M - event poor fair none
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XP-SWMM is a commercially enhanced version of the public domain SWMM model. XP-SWMM
is a comprehensive mathematical model capable of computing runoff, analyzing sanitary and storm
sewer networks, and modeling treatment of pollutants.

XP-SWMM has a diverse array of routines for computing runoff, analyzing sanitary and storm sewer
networks, and modeling treatment of sewage and pollutants. The program can generate hydrographs
and mix them with runoff pollutants, sediment, and sewage. The program will develop runoff
hydrographs from rain or snowfall. These hydrographs can then be added into the stormwater
conveyance system at storm sewer junctions. The storm sewer network analysis takes into account
hydrograph attenuation and displacement, in-conduit storage, downstream control effects, flow
reversal, surcharge, pressure flow, branches, loops, pumps, weirs, and regulators. XP-SWMM can
employ land use and population statistics to estimate the rate of sewage transport in a sewer system.
For network analysis, the user may choose from 13 pre-programmed conduit shapes, or define its
own.

3.2 MODEL DESCRIPTION

The XP-SWMM model is a commercially enhanced version of the USEPA SWMM model. The
original SWMM model was developed from 1969-1971 by a team of contractors including Metcalf &
Eddy, the University of Florida, and Water Resources Engineers under contract to the USEPA. The
original SWMM program was substantially enhanced by the addition of a transport model known as
EXTRAN. The original EXTRAN model was developed by Water Resources Engineers in 1973 as
the WRE Transport Model. In 1974, the USEPA acquired the model and incorporated it into
SWMM as the EXTRAN block. Water Resources Engineers was purchased by Camp Dresser and
McKee (CDM) in 1980. In the mid-80’s CDM enhanced the EXTRAN block to model natural
channels with arbitrary cross-sections.

XP-SWMM consists of four basic modules (referred to hereinafter as blocks) each of which is both
supported by, and supports, the other blocks. The four blocks: 1) runoff, 2) transport, 3) EXTRAN,
and 4) storage/treatment, are in turn supported by shell program blocks that provide input
information, editing, plotting, statistical, and combination functions. The “XP” enhancement is a
windows-based graphical pre- and post-processor. Illustration 3.2-1 shows the basic schematic
layout for XP-SWMM. Each of the four major blocks is generally discussed in the following
paragraphs. More detailed explanations of the runoff block and EXTRAN block are included in
Sections 3.3.1 and 3.4.1, respectively.
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Ilustration 3.2-1 SWMM Model Schematic Structure (source: XP-SWMM Training
Workshop, Seattle Washington, 1974)

The runoff block is the hydrologic element of the XP-SWMM model. The runoff block calculates
the hydrograph for surface runoff and ground-water infiltration. For the purpose of this Master Plan,
only surface runoff was considered. The model can be run as an event-specific hydrograph
generator, or as a long-term continuous time series simulation. The model offers two options for
hydrograph calculation: 1) traditional SCS curve number methodology, and 2) non-linear overland
flow routing using Manning’s equation. The runoff block also provides limited hydrograph routing
using non-linear reservoir routing. The routing assumes that the water surface profile is parallel to
the channel invert. Reverse flow and backwater effects are not modeled.

The transport block is an extension of the non-linear reservoir routing contained in the runoff block.
It uses non-linear kinematic wave routing to simulate cascading (sequential) conduit flow. The
transport block can only simulate reverse flow and backwater effects within one reach. It has limited
ability to handle surcharged flow. Excess flow is stored in the upstream storage node until conduit
capacity is restored. The transport model is also used to route pollutants generated within the runoff

Upper Salem Creek Watershed Master Plan 30





block. It is the only pollutant routing technique available within XP-SWMM. In this Master Plan,
the transport block was used only for pollutant routing.

The EXTRAN block is the primary routing tool within XP-SWMM. It is a full dynamic wave
routing program. Reverse flow, backwater effects, flow diversion and looping, tidal and transitions
between subcritical and supercritical flow are accommodated. EXTRAN solves the St. Venant
equations at each time step. While EXTRAN is a powerful tool, it requires considerable computing
power and is very unstable.

Selection of proper starting parameters must be made with great care to ensure that the model
converges. A significant benefit of EXTRAN is that it models the flow attenuation observed in the
real world as flow is retarded at undersized culverts, etc. Traditionally, the downstream discharge
hydrograph routed using a full dynamic wave routing technique will be lower than a hydrograph
routed using reservoir or kinematic wave routing.

The storage/treatment block is a tool for the simulation of wastewater treatment processes. It has
applications in combined sewer studies where sanitary and storm flows are carried in the same sewer.
Additionally, it may be possible to simulate Best Management Practices, but only as it relates to plain
sedimentation. The storage and treatment block was not used in this Master Plan.

3.3 HYDROLOGIC MODEL
3.3.1 General

As noted earlier, XP-SWMM'’s runoff block can be used in one or two modes. The first mode uses
SCS methodology. When the SCS method is used, the model functions similarly to HEC-1 and uses
inputs for the SCS curve number, time of concentration, storm duration, depression storage, and
shape factors. Antecedent moisture conditions are accounted for through adjustments to the runoff
curve number. The advantage of the SCS methodology is that it converges quickly, resulting in a
very stable model. Additionally, the input parameters are more commonly known and understood,
resulting in easier applications. The disadvantage is that the results are not as accurate as for non-
linear routing, and differing land uses can only be accounted for via the runoff curve number. In the
Upper Salem Creek Master Plan, SCS methodology was used.

The second mode uses Manning’s equation, a non-linear runoff routing that is a more precise method
to calculate runoff. The overland flow from the pervious and impervious portions of the watershed
sub-basin are calculated separately and summed at the sub-basin outlet. The non-linear method
replaces the SCS curve number with soil infiltration parameters. In the Middle Salem Creek Master
Plan Update, Manning’s methodology was not used.
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The entire contributing drainage area for the Upper Salem Creek watershed was delineated using the
USGS (U.S. Geological Survey) Quadrangle Maps (scale: 1" =200"), 2-foot contour maps of the City
of Winston-Salem (scale: 1" = 200"), 2-foot contour maps of the County of Forsyth (scale: 17 = 400"),
and aerial photographs taken in 1997 (scale:"1= 200’). The entire drainage are a was then sub-
delineated to include all the major outlet locations and drainage structures serving over a 50-acre
limitation within the City limit. A total of 156 sub-basins were delineated with areas ranging from
0.2 acres to 156 acres. Within the City limit, a 50-acre limit applies. However, drainage areas outside
of the City limit were delineated based on the reasonable outlet locations. Within the City limits, a
50-acre limit applies. However, drainage areas outside of the City limits were delineated based on the
reasonable outlet locations.

All the delineated sub-basins were digitized and converted into a GIS format to be prepared for the
runoff block requirements. Basin delineation is shown in. Initially, basin-wide hydrologic
data was generated in GIS by creating the pertinent thematic layers, such as impervious areas, land
uses, soil groups, basin widths, and contours. Once this was complete, spatial overlays were
constructed in GIS to compute the specific hydrologic parameters required by the runoff block. The
hydrologic parameters are summarized in Appendix, Subcatchment Hydrologic Parameters!

3.3.2 Hydrologic Parameters

Runoff block in XP-SWMM computes a basin runoff hydrograph using the selected hydrograph
method in conjunction with given rainfall data. Among five hydrograph generation techniques
available in runoff block, the SWMM Runoff Non-Linear Reservoir Method was utilized. The SCS
Unit Hydrograph Method was not used because all of the sub-basins were within Winston-Salem
City limits.

For sub-basin hydrograph generation calculation, the following hydrologic parameters are required:

1. Areain acres.

2. Imperviousness by percent — The impervious areas must be hydraulically (directly) connected
to the drainage system. If the imperious area is included in the Runoff Curve Number,
imperviousness will be set at 0%.

3. Width in feet — A good estimate for the width is the area of the sub-basin divided by the
average path length of overland flow.

4. Slope in ft/ft — The sub-basin slope should reflect the average slope along the pathway of
overland flow to outlet locations.

5. Runoff Curve Number (CN) — The major factors that determine CN are the hydrologic soil
group, cover type, treatment, hydrologic condition, and antecedent runoff condition.
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6. Time of concentration in minutes — Time for runoff to travel from the hydraulically most
distant point of the watershed to a point of interest within the watershed.

7. Peak Rate Factor — A typical Piedmont terrain Unit Hydrograph shape factor is 484.

8. Initial abstraction — The initial abstraction from the precipitation may be represented as the
total depth of precipitation that is lost, or as a percentage of the amount of total precipitation.
In this Master Plan, the latter method was used and set equal to 20 percent.

The 24-hour rainfall depths for the 10-, 25-, 50-, and 100-year storm event shown in Table 3.3-1
were based on the Drainage Criteria and Design Manual of the City of Winston-Salem, December
1995. The hydrograph for each basin was developed using a 10-minute time increment interval with
the SCS Type-Il rainfall distribution. The runoff peak flows are summarized in Appendix,
Bubcatchment Runoff Peaks.

Table 3.3-1
Upper Salem Creek Watershed
24-Hour Total Rainfall Depths

Storm Frequency Rainfall Depth (Inches)
10-year 51
25-year 5.6
50-year 6.3
100-year 7.2

3.3.3 Model Validation

Model calibration was set during the original model development for this watershed and therefore
was not performed again during the update process. However, the model results were compared with
the original model results that used a different hydrology method to understand where model
sensitivity occurred and to provide a reasonableness check on the results. Gage data is not available
throughout the City’s watershed, and therefore the lack of real-time data will influence the model
results. The City is in the process of obtaining flow data at various locations, and this data will be
used to perform additional calibration and possible model parameter adjustments in the near future.
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3.3.4 Present and Future Runoff

A hydrologic analysis was performed for the present land use and for future build-out land use
conditions. The peak discharge for the Upper Salem Creek 100-year storm are shown in [fable 3.3-3
and [Table 8.3-4|showing the peak discharge at the downstream study limit of Upper Salem Creek.

3.4 HYDRAULIC MODEL
3.4.1 General

The primary flow routing program within XP-SWMM is EXTRAN. EXTRAN is an extremely
powerful flow routing system. It can handle dendritic (branch-like) or looped and divided flow
paths. This ability to handle divided flows is particularly applicable to storm sewer system modeling.
It allows piped systems to be modeled under surcharged and overflowing conditions. The flow
which cannot be conveyed within the conduit system is divided and routed overland to a node farther
downstream. In simpler models, the excess flow is simply “lost” from the system.

For the majority of flow cases, EXTRAN calculates nodal water surface elevations using the St.
Venant equations for gradually varied one-dimensional flow. The St. Venant equations are non-
linear hyperbolic partial differential equations with unknown or, at best, unwieldy direct solutions.
EXTRAN uses a discrete numerical solution to converge on a solution based on user-defined
upstream and downstream boundary conditions and initial starting conditions. Because of this
iteration, the model is somewhat unstable and subject to non-convergence problems.

Because supercritical flow is not gradually varied, the St. Venant equations are not valid for flow in
this system. Therefore, EXTRAN uses kinematic wave routing when the flow is known to be in the
supercritical range. EXTRAN makes this determination by verifying: 1) a positive flow direction (in
a downstream direction), 2) water surface slope is greater than the channel or conduit slope, and 3)
the kinematic flow as determined by Manning’s equation is less than the flow calculated by the
dynamic St. Venant equations.

A notable difference between EXTRAN routing and HEC-2 routing pertains to channel cross-section.
EXTRAN uses a constant cross-section for each channel or conduit. Therefore, node locations must
be selected with care to ensure that the upstream and downstream reaches where the cross-sections
are cut are representative of the channel or conduit between the nodes. HEC-2, on the other hand,
uses cross-sections cut at the nodes.

Because of the complexity associated with the EXTRAN model, the reader is referred to the USEPA
SWMM and XP-SWMM guidance manuals for a more extensive discussion on the theory behind the
model.
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3.4.2 Model Schematic

XP-SWMM dynamically routes storm water through open channels and/or closed conduits.
Hydraulic routing through conveyance and drainage systems requires a mathematical framework
from which numerical calculations can take place. XP-SWMM uses a link-node concept to idealize
real-world systems. This concept requires that the drainage system be represented by a network of
nodes or junctions and links or reaches. A node is a discrete location in the drainage system where
conservation of mass or continuity is maintained. Links are the connections between nodes and are
used to transfer or convey water through the drainage system. The following general guidelines were
used to locate nodes in the Upper Salem Creek schematic:

1. A node should be placed upstream and downstream of structures, such as culverts, weirs,
etc.

2. All ponds and lakes should be specified as storage nodes.

3. A node should be located at all channel junctions.

4. A node is required at any downstream boundary.

5. A node should be located where the channel geometry changes abruptly.

6. A node should be placed where the channel bed slope changes abruptly.

7. A node should be located where major surface inflow enters to the conveyance system.

By following the general guidelines, a schematic diagram of the Upper Salem Creek conveyance
system was developed as shown in schematic . Beginning from the confluence with Peters
Creek and going upstream to Salem Lake, nodes on the main channel of Upper Salem Creek were
specified by the node name “SC” followed by a number, starting with 5 and proceeding in increments
of 5. For example, the first node of the main channel is SC005, the second is SC010, and so on. This
naming convention was used as a first cut, and allowed for the placement of nodes between reaches if
additional nodes were deemed necessary. An example of this would be the placement of a new node
between SCO015 and SC020 with the name SCO17. Tributaries for all three sub-basins of Salem
Creek (Lower, Middle and Upper) were named alphabetically proceeding up the mainstem from
Clemmonsville Road. Therefore, the first tributary of Upper Salem Creek was named the “O” branch,
the second the “P” branch, and so on. As tributaries branched, another letter was added
alphabetically. An example would be a small minor tributary off the “T” branch could be named the
“TA” branch.

3.4.3 Model Calibration

Model calibration was performed during the original Master Plan efforts.
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3.4.4 Existing and Proposed Condition, Present and Future Study Results

Present and future land use condition model runs were completed for the 10-, 25-, 50-, and 100-year
storm events, for existing and proposed storm sewer systems. For existing and proposed hydraulic
conditions using present and future land use condition, summary tables have been created and are
attached in the Appendix. The summary tables report peak flow, maximum velocity, and maximum
water surface elevation for the modeled storm events. The graphic representation of water surface
profiles can be found in Figure 6-2 which includes the following segments.

| [Upper Salem Creek (STA. 0-26000)

o [Tributary R/RB (STA. 0-5000)

| [Cloverleaf Branch, Tributary T (STA. 0-3500)

| [stadium Branch, Tributary V (STA. 0-4500)

| [rributary W (STA. 0-8500)

| [Berry Branch, Tributary X (STA. 0-95000)

A summary of results for all modeled locations can be found in the Appendix in the following
figures:

e Existing Hydraulic Conditions

E| IMaximum Water Surface Elevation

 [Maximum Flows and Velocitieg

| water Surface Profileg

e Proposed Hydraulic Conditions

| [Maximum Water Surface Elevation

] [Maximum Flows and Velocitieg

| water Surface Profileg

[Tables 3.4-1] and [Table 3.4-2 summarize the 10-, 25-, 50-, and 100-year discharge and water surface
elevations (WSEL) for the present and future land use conditions at selected locations. In general,
the selected locations are the confluence and roadway crossings of major tributaries.
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SECTION 4 — ESTIMATION OF NON-POINT SOURCES AND
RECOMMENDED CONTROLS

4.1 MODEL DEVELOPMENT

A major component of the Part 2 NPDES Storm Water permit was the estimation of annual
watershed pollutant loads and EMCs. Loading refers to the total pounds of a particular pollutant that
wash off the watershed into downstream watercourses. The EMC is the average concentration of the
pollutant expressed in concentration units of milligram per liter (mg/l). The EMC is equal to the total
pounds of pollutants divided by the total runoff volume, multiplied by the required unit conversion
factors. It is important to note that the EMC is not a measured value, and is merely representative of
the average value for the pollutant. For any given storm event, the concentration may be
significantly higher than the EMC for certain periods during the runoff event.

During development of the Part 2 NPDES Storm Water permit application, three representative storm
events were sampled from six watersheds representing different land use makeups. The storm water
samples were analyzed for 12 pollutants, including: biochemical oxygen demand, cadmium,
chemical oxygen demand, copper, lead, total and Kjeldahl nitrogen, dissolved and total phosphorus,
dissolved and suspended solids, and zinc.

The results from the Part 2 NPDES Storm Water permit application sampling were used to calibrate
the P-8 Urban Catchment model. The P-8 model has been previously discussed in Section 3.1.2.
The P-8 model was calibrated to the measured storm events with loading parameters developed for
five land use categories: 1) light density residential, 2) medium density residential, 3) high density
residential, 4) heavy business, and 5) light industrial. These five categories were determined to be
representative of all the land uses within the City. The calibrated P-8 model was used to determine
annual loading estimates for each watershed for each pollutant based on the land use distribution
within each watershed. At that time, pollutant loading estimates were made only for the portion of a
watershed lying within the City limits.

For the Master Plan, the water quality capabilities of the runoff and transport blocks of XP-SWMM
were utilized.

For master planning, it is desirable to know the EMC value for the entire watershed. In practice,
pollutants recognize no political boundary. Therefore, it is necessary to estimate watershed-wide
pollutant loadings including contributions from unincorporated areas. The water quality components
of XP-SWMM were calibrated from the P-8 modeling results for Fiddlers Creek. Specifically, the
wash-off coefficients for each pollutant for each land use category for the XP-SWMM water quality
rating curves were adjusted for the inside City sub-basins until the predicted total annual pollutant
loading from Fiddlers Creek matched the P-8 results. These calibrated coefficients for each pollutant
for each land use were then used to determine annual loadings for the entire watershed, including
unincorporated areas.
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4.2 MODEL RESULTS

The water quality simulation model was run for present land use conditions, 2007, and future build-
out land use development conditions. The model results for the 12 parameters are provided in the
tables. Annual pollutant loading estimates are summarized in [Table 4.2-1. [Table 4.2-2 provides the
EMC and the event concentrations that are exceeded 10 percent (highest value) and 90 percent
(lowest value) of the time additionally, for pollutants where the North Carolina Division of Water
Quality has established action levels, these levels are indicated on the charts.

Overall, the quality of the runoff during storm events is typical of discharges from an urbanized area.
Copper (Cu) and zinc (Zn) are the only metals that exceeded State action levels. The on-going
monitoring work should carefully evaluate copper and zinc to see if the elevated levels are
responsible for any deleterious effects on stream aquatic life. A summary of the results are found in

4.3 EVALUATION OF BEST MANAGEMENT PRACTICES
4.3.1 General Information

One major component of managing storm water runoff is the implementation of BMPs. BMPs are
operational techniques and/or structural facilities that can dramatically improve the quality of storm
water runoff. Operational BMPs reduce the opportunity for pollution to come into contact with
storm water runoff, whereas structural BMPs collect, concentrate, and/or treat runoff. The costs to
implement operational and/or structural BMPs are usually significantly less than the costs associated
with remediating damage resulting from inadequate storm water management. Operational BMPs
are much more economical and simplistic, so they should generally be considered before structural
BMPs.

When selecting any type of BMP, non-technical issues, as well as technical issues, should be
considered. Technical issues vary with individual BMPs, but broadly deal with site feasibility,
design considerations, and/or pollutant removal efficiencies. Technical issues are generally more
involved for structural BMPs than operational BMPs, and are discussed in greater depth in later
sections. Non-technical issues deal with the economic, regulatory, and public aspects of selecting a
BMP. These issues, among others, include federal, state, and local regulations; real and perceived
receiving water problems; economic feasibility of BMP being considered; and public acceptance of
BMP being considered.

Additionally, implementation of BMPs, particularly operational BMPs, is generally done on a City-
wide basis rather than specific to any one watershed. Therefore, the following discussion presents
information that may be considered in adopting a City-wide BMP program rather than specific for
this watershed. Upon completion of all specific watershed Master Plans, the City may elect to
review the entire issue of BMP implementation.
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4.3.2 Operational BMPs

The goal of operational BMPs is to prevent pollutants from coming in contact with storm water by
controlling the pollutants at their source. For this reason, operational BMPs are often referred to as
source control BMPs. Operational BMPs are non-structural controls generally associated with
management practices that reduce contact between storm water and pollutants. The effectiveness of
operational BMPs is often highly dependent on site-specific conditions, due to the high variability in
pollutant source conditions; thus it is difficult to generate general removal efficiencies. Source
controls for urban areas can be grouped into the following general categories:

e Public education.

e Street/storm drain system maintenance.
¢ On-site materials management.

e Planning and regional management.

e lllicit/accidental controls.

Public education can be one of the most economical and effective pollution control strategies. The
goal of public education is to change the way the public manages many of the constituents that end
up in storm water runoff through awareness. The methods in which many household products are
used and disposed of, such as automotive fluids, cleaners, and fertilizers, can have a profound effect
on the quantities of these substances that come into contact with storm water, and thus on the water
quality of receiving waters. Many methods are available for increasing public education, including
radio/television advertisements, mailings, public meetings, and others. Although public education is
one of the simplest means of affecting storm water quality, its effectiveness is highly variable and
may be hard to directly measure.

Street and storm drain maintenance refers to the removal of pollutants from street surfaces and the
periodic cleaning of storm drainage structures. This control may reduce the quantity of pollutants,
most notably sediment, entering the storm sewer system. Examples of this type of pollution control
include street sweeping, catchbasin cleaning, curb and gutter cleaning, and road and bridge
maintenance.

On-site materials management deals with the practice of use, storage, and disposal of substances that
could pollute storm water runoff. There are many specific pollution controls for materials
management; however, they can be generalized into three groups:

e Altering the activity to minimize generation of potential pollutants.

e Covering pollutant sources, thus reducing their contact with precipitation and runoff.
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¢ Containing/segregating the activity containing source of pollutants from other activities, so
pollutants may be handled and disposed of separately.

Examples of on-site materials management include storing materials inside or under cover on paved
surfaces, minimizing storage and handling of hazardous materials, secondary containment to reduce
leakage, and choosing safer alternative products.

Planning and regional management refers to practices by local governments aimed at reducing
pollutants in storm water on a regional basis, especially those loadings from new development areas.
Land use controls and floodplain management practices are the typical mechanisms for this type of
pollution control. Examples of planning and regional management include buffers and setback from
all water bodies, zoning ordinances for open areas, regulations for sediment control measures in new
developments, and use of vegetated natural channels.

Illicit and accidental control BMPs can be used to reduce introduction of pollutants to storm sewer
systems through illegal or accidental activities. These activities are often related, because a
responsible party may not even be aware of the detrimental impacts of an illegal or accidental
discharge to the storm sewer system. Examples of illicit and accidental controls include detection,
removal, and enforcement system for illegal connections/dumping through inspections or source
testing; public notices; and accidental spill information boards/hotlines.

4.3.3 Structural BMPs

The goal of structural BMPs is to reduce non-point source pollution by collecting, concentrating, and
treating storm water runoff. Unlike operational BMPs, which are often simply techniques for source
control, structural BMPs are physical structures that are strategically located within a watershed. In
comparison with non-structural BMPs, structural BMPs involve higher capital cost, more
complexity, and required maintenance but they do provide a higher assurance in treatment because
they are mechanistic and continually operating. Overall, structural BMPs are most applicable to
developing and redeveloping areas, since construction/implementation costs are less and site location
is easier. With NPDES Phase Il regulation qualifying new development and redevelopment are
required to have structural BMPs as part of their overall post construction storm water runoff control.

General Structural BMP Considerations

Structural BMPs are strategically located and designed to maximize their beneficial impact on storm
water quality for an area, and to minimize implementation and operational costs. This benefit/cost
feasibility analysis for selecting a structural BMP can be grouped into five general categories:

e Physical suitability

e Hydrologic conditions
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e Pollutant characteristics and removal capabilities
e Environmental and aesthetic factors

e Operational factors

Physical suitability of a site refers to the technical feasibility criteria related to physical conditions,
such as topography, required land area, contributing drainage area, soil types, and water availability.
Physical suitability is often one of the first considerations when selecting a structural BMP, since it is
not feasible or possible to change many of the factors, and it can dramatically affect the usefulness of
a given BMP.

Hydrologic criteria focus on the hydrologic characteristics for a given design storm event, such as
storm water runoff volume, distribution, and peak discharge. It should be noted that the concepts in
designing water quality controls are different than those for water quantity controls. The highest
concentrations of pollutants are often found in the beginning of storms, often referred to as the “first
flush” stage. In this stage, built-up pollutants are being washed off the land surface and potential
dilution effects are negligible. Thus, water quality controls are designed for smaller, more frequent
storms, whereas water quantity controls focus on larger, less frequent storms, which cause flooding
and other damage.

Pollutant characteristics and removal capacities refer to the water quality of the storm water runoff
entering a structure, and the effectiveness of that BMP in removing those pollutants. Generally, the
pollutants of consideration are sediment, nutrients, oxygen demand, trace metals, and bacteria. Table
4.3-1 provides a summary of removal efficiencies for selected structural BMPs. Through additional
research, the removal efficiencies may be changed based on readily available data.

Environmental and aesthetic factors refer to the impacts a structural BMP would have on the
environment and how it would affect the aesthetics of the area. Examples of environmental and
aesthetic factors include maintenance of low flows for aquatic life, streambank erosion, recreational
benefits, and community acceptance.

Operational factors are mainly concerned with the amount and type of maintenance a given structural
BMP requires. Generally, structural BMPs have a passive design, meaning that there is no active
operation of mechanical or chemical equipment. However, almost all structural BMPs require
periodic cleaning and maintenance to keep them working efficiently.

Environmental and aesthetic factors refer to the impacts a structural BMP would have on the
environment and how it would affect the aesthetics of the area. Examples of environmental and
aesthetic factors include maintenance of low flows for aquatic life, streambank erosion, recreational
benefits, and community acceptance.

Upper Salem Creek Watershed Master Plan 41





Operational factors are mainly concerned with the amount and type of maintenance a given structural
BMP requires. Generally, structural BMPs have a passive design, meaning that there is no active
operation of mechanical or chemical equipment. However, almost all structural BMPs require
periodic cleaning and maintenance to keep them working efficiently.

Table 4.3-1
Upper Salem Creek Watershed
Comparison of Pollutant Removal Efficiencies of Structural BMPs

Best Management Practice SSueSc(FIEE?r;S:td Phosp-kll_g:i:Js %) | Ni tr-gg;[?ll (%) Bacteria (%)
Bioretention 85 45 35 High
Storm Water Wetlands 85 35 40 Med
\Fi\é?]tdl)Detention Basin (Wet 85 40 o5 Med
Sand Filter 85 45 35 High
Filter Strip 25-40 35 20 Med
Grassed Swale 35 20 20 Low
Restored Riparian Buffer 60 35 30 Med
Infiltration Devices 85 35 30 High
Dry Extended Detention Basin 50 10 10 Med
Permeable Pavement System 0 0 0 Low
Rooftop Runoff Management 0 0 0 Low

Source: NC DNER Stormwater BMP Manual, 2007

Overview of Specific Structural BMPs

A brief explanation of the types of structural BMPs listed in Table 4.3-1and their primary modes of
operation is provided here.

Detention controls consist of dry extended detention basins, which completely drain out between
storm events, and wet detention basins (wet ponds), which maintain a designed level of water
between storm events. In addition, storm water wetlands are detention facilities that have additional
construction and biological requirements, but often provide increased pollutant removal. The
primary mechanism for pollutant removal for these structural BMPs is sedimentation. Wet ponds
provide additional removal through physical and biochemical processes, such as reduction in bottom
sediments and increased vegetative growth that occur along the outer permanent pool. In addition to
good pollutant removal, detention facilities can also provide reduction in peak runoff flows.
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Detention controls are most applicable where relatively large tracts of land are available, such as
parks and industrial facilities.

Conveyance-driven structural BMPs are measures that treat storm water runoff as it flows across the
landscape. Swales are shallow, vegetated, mildly sloped channels that convey storm water runoff.
They are designed for low velocity flows during small storms to allow infiltration of storm water into
the swale bottom, and filtration and biological uptake of pollutants into the vegetative cover,
collectively referred to as biofiltration. Swales are applicable in most mildly sloping areas due to
their relatively low space, cost, and maintenance requirements.

Filter strips are similar to swales, except they do not have side slopes, thus runoff is spread evenly
through the filter strip area as sheet flow rather than through small channels. Filter strips most
commonly refer to grassed areas however, restored riparian buffers operate in the same manner
except with a mix of grasses, trees and shrubs. They are less effective given the difficulty in
maintaining sheet flow. Treatment, cost, maintenance, and applicability are similar to those of
swales.

Infiltration type structural BMPs include bioretention, infiltration devices and sand filters. These
systems treat storm water runoff by filtering flow through an engineered media and in some
situations by exfiltrating flow to in-situ soil. These systems consist of a structure or trench filled
with a filter media such as sand or gravel, which allows percolation. Infiltration devices only work
with porous soils, favorable site geology, and proper ground-water conditions. Infiltration devices
are generally not effective in the Winston-Salem area due to the predominantly clayey soil types.
Additionally, their use may violate ground-water protection rules. Bioretention systems incorporate
vegetation into the engineering media at the surface to provide additional removal through vegetative
uptake and biochemical fixation. Bioretention systems are typically linear with a semi-permeable
linear and are under-drained to facilitate full emptying of the system within a desired duration.

Sand filters operate in the same manner as infiltration devices and bioretention except that they are
almost always lined with an impervious liner, filled solely with sand, and lack vegetation. Sand
filters are effective measures in capturing sediments and oils and grease. However, they do come
with high complexities of design and maintenance costs.

Lastly, permeable pavement and rooftop runoff management systems are adaptations to typically
impervious surfaces to provide greater runoff and storm water quality control. Permeable pavements
allow for the infiltration and temporary storage of runoff from previously impervious surfaces at low
intensity and volume storms. Where in-situ soils have high infiltration rates, the storm water can be
exfiltrated otherwise and an under drain and downstream control devices may be needed. Rooftop
runoff management systems harbor low intensity and volume storms within an engineering media
and system on rooftops. The media filters the rainfall for pollutants and stores the rainfall for
evaporation and evapotranspiration when vegetation is also provided. These systems need care
engineering and design to work properly and sustain their intended design life.
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4.4 STRUCTURAL BMP RETROFITTING
4.4.1 General Information

The implementation of structural BMPs is effective at minimizing non-point source pollution for
urbanizing areas; however, for the City much of the municipal limits have been developed prior to
these Phase Il regulations requiring structural BMPs on new qualifying development. While these
previously developed areas are not required to have post construction controls they still contribute
significant non-point source pollution contributing to violation of water quality standards. Therefore,
a retrofitting strategy may be employed to locate structural BMPs where existing stormwater controls
are present or opportunities for construction of new facilities can be implemented. The City is
embracing this strategy as part of the Master Plan where it needs to implement a WQRP as part of a
TMDL.

4.4.2 Retrofitting Strategy and Methodology

Retrofitting opportunities for structural BMPs offer a spectrum of activities for meeting various goals
and objectives. For the Master Plan, the City and HDR identified a strategic process for identifying
and evaluating potential structural BMPs. The process is outlined here:

Develop Retrofitting Goals

Determine Evaluation Criteria

Perform Desktop Analysis

Perform Retrofit Reconnaissance

Evaluate and Screen Retrofits

Develop Conceptual Designs

Model Conceptual Design Hydraulics and Water Quality

NookrwdPE

In determining goals of the retrofitting process the WQRP served as the overarching guidance. From
the WQRP and discussions with City staff the retrofitting goals for the Master Plan include:

e Focus on structural BMPs that maximize bacteria control and treatment

e Location of structural BMPs in regional settings to maximize stormwater volume collection

e Location of structural BMPs on public property to maintain public access for maintenance
and minimize land acquisition

e Location of structural BMPs away from jurisdictional wetlands and streams and high hazard
dams to minimize permitting requirements.

Evaluation Criteria

In order to screen multiple retrofit opportunities within an objective framework, several evaluation
criteria were established. The basis for these evaluation criteria was determined through guidance
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from the Center for Watershed Protection’s series titled Urban Watershed Restoration and
discussions with City staff. In particular, Manual Three Urban Stormwater Retrofit Practices was
utilized in determining criteria and defining metrics to be calculated for evaluation. Table 4.4-1 lists
the criteria that were established.

Table 4.4-1
Middle Salem Creek Watershed
BMP Retrofit Opportunity Evaluation Criteria

Evaluation Criteria Basis of Metric

e Public
Ownership Type e Private Commercial
e Private Residential

Acceptance of Significant Drainage e Drainage Area

e Present Imperviousness

Future Growth Impact .
e Future Imperviousness

Pollutant Loading Impact e Pollutant Load Relative Ranking

e Water Quality Volume

Ability to Treat First Flush «  Preferred BMP Design Depth

Treatability of Pollutant of Concern e BMP Efficiency

o Dam Permit Required
Permitting Involvement e Wetland Permit Required
e Stream Impacts Permit Required

Desktop Analysis and Site Reconnaissance

A desktop analysis was performed to identify quickly existing structural BMPs as well as potential
sits for new BMPs within the City’s MS4 for Middle Salem Creek watershed. The City maintains a
database of existing structural BMPs that require annual inspection. This database served as a
baseline for evaluating existing BMPs. From this database all existing structural BMPs were
identified for site reconnaissance despite their ability in possibly meeting the retrofit goals. Site
reconnaissance was necessary to understand better the physical and operational qualities of these
existing facilities.

For potential new BMP locations a spatial analysis was performed to filter through open sites in
order to appropriately identify potential locations roughly meeting retrofitting goals. The two most
important characteristics in recognizing potential locations are the sites capacity to receive
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concentrated runoff and its ability to provide enough ground space for treatment. Therefore, this
process first identified publicly owned parcels, such as schools, parks, municipal facilities, and
excessive or abandoned right-of-ways. In addition to this subset, parcels depicting open space
downstream and next to pipes with diameters equal to or greater than 24” where identified. Pipes of
this diameter were determined to provide enough runoff capacity to support the financial
implementation of a newly-constructed, structural BMP. Finally, a visual desktop inspection of the
entire Middle Salem Creek watershed was performed to identify any other open sites that may have
potential for retrofitting but may require significant piping of stormwater to bring runoff to the site.
From this analysis several sites were to be identified for site reconnaissance.

Each site in the Desktop Analysis was visited in the field where a quick determination was made to
further investigate and document its feasibility. If a site was determined to possess minimal
feasibility then a Retrofit Reconnaissance Investigation form was completed documenting the
physical description of the site and drainage area, existing stormwater management practices,
proposed retrofit, site constraints, sketch, design and delivery notes, and initial feasibility and
construction considerations. The data collected on the forms was used in filling out evaluation
criteria and making subjective determinations of the feasibility. In addition, photographs were taken
to further document the details identified in the form. A number of sites with the potential for a
retrofit or system of retrofits were documented. [Table 4.4-2 and Figure 4-1| identify these sites.

Evaluation and Screening of Retrofits

With a subset of retrofit opportunities identified and site inspection data documented, the evaluation
criteria and their associated metrics were tabulated. The tabulation of the evaluation criteria was
performed utilizing basic calculations, subjective assessment, the North Carolina BMP design
standards and GIS datasets and processes. For example Schuler’s Simple Method was employed to
calculate both the water quality volume as well as the fecal coliform pollutant loading rate.
Subjective assessment and the Retrofit Reconnaissance Investigation forms were used to populate
permitting impacts and determine a preferred BMP type for the facility. Subsequently, the North
Carolina BMP design standards were referenced for hydraulic loading depth of the water quality
volume and removal efficiency for various BMP types. GIS datasets were utilized in determining
existing and future impervious coverage, ownership type, and drainage areas.

Once the evaluation criteria metrics were populated each criterion was partitioned into three
classifications based on the range and distribution of the metric data. These classifications allowed
for a range of scoring values to be assigned for the screening process. The Middle Salem Creek
Master Plan is one of five total, City master plans contributing to the Salem Creek watershed. Since
the WQRP makes no distinction about subwatershed or locally referenced goals within the
watershed, it was determined that a watershed-wide basis screening process be administered within
Salem Creek. Therefore, the retrofit opportunities from all contributing Master Plans were screened
collectively. The retrofit opportunities for structural BMPs identified in Middle Salem Creek are
listed in the following section.
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Conceptual Plan Design and Modeling

Section to be completed once screening and selection of all BMP retrofit opportunities in Salem
Creek has been finalized.
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SECTION 5 — DEVELOPMENT OF RECOMMENDED PROGRAM

5.1 CRITERIA AND METHODOLOGY
5.1.1 General

Investigations of structural flooding, roadway overtopping, and channel erosion were conducted for
present and future land use development conditions. Runoff from the existing and future conditions
was routed through the existing channels, culverts, and storm drains. Therefore improvements
identified in the original Master Plan Document were evaluated for the Present (land use conditions)
flows and the Future (build-out land use conditions) flows.

5.1.2 Structural Flooding

A delineation of a 100-year floodplain was created in ArcGIS® using the existing conveyance
elements and the year 2020 land use and runoff estimates. Using the GIS building structures layer,
aerial photography, and the 100-year floodplain, flooded structures were initially identified by visual
inspection. A field investigation of the identified structures was made to determine if the structure
was a residence, place of business, shed, or other non-habitable structure. If the structure was
determined to be a shed or a non-habitable structure, the identified location was considered a non-
problem area. If the identified location was considered a potential problem area, the approximate
finished floor elevation and basement finished floor elevation (if applicable) were determined.
Finished floor elevations were surveyed with a level using catchbasin and manhole rim elevations as
benchmarks determined in the recent storm sewer inventory. It is important to note that the finished
floor elevations presented are approximate and are intended for use in this Master Plan only. If the
basement was not a finished basement, the basement elevation was not recorded and the ground level
floor was considered the lowest finished floor elevation. These finished floor elevations were
compared to the floodplain elevation as the last step in the determination of structural flooding
problem identification.

5.1.3 Roadway Overtopping

Roadway overtopping was estimated for the 10-, 25-, 50- and 100-year storm events. Roadway crest
elevations were determined from the North Carolina Floodplain Mapping Program May 2007 Lidar,
the associated 2007 NC DOT 2-foot contours, and from storm sewer inventory point structure rim
elevations. A majority of the roadway crest elevations at creek and tributary crossings were identified
on the contour maps with spot elevations. If spot elevations were not available, ArcView coverage
was utilized to obtain catchbasin rim elevations at crossing locations to approximate roadway crest
elevations. If spot elevation and GIS information could not supply the crest elevations, they were
determined by interpolation between roadway contours at crossing locations. In summary, the crest
elevations were obtained by the following methods listed in order of preference:

1. Spot elevations from 2-foot contour maps.

2. Catchbasin rim elevations from ArcView coverage.
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3. Interpolation between roadway contours from 2-foot contour maps.

Roadways adjacent to or crossing the storm drain system were classified as residential, collector,
arterial, or freeway. Because roadway classifications were not available and for the purposes of this
Master Plan only, the affected roadways were classified by the HDR team using the following
general definitions:

e Residential — interior streets in subdivisions and residential areas.

e Collector - streets that direct subdivision and residential traffic to arterial roadways.

e Arterial — major streets directing collector traffic to other collector streets and freeways.
e Freeway — U.S. designated Interstate Highway.

The roadway overtopping criteria are summarized below in Table 5.1-1. In this table, the Design
Storm is the flood event the culvert or storm sewer must pass to meet the criteria. For example, a
residential roadway cannot flood in the 10-year storm to meet the criteria but may flood in the 25-
year storm.

Table 5.1-1
Roadway Overtopping Design Storms
Roadway Classification Design Storm
Residential 10-year
Collector 25-year
Arterial 50-year
Freeway 100-year

5.1.4 Channel Erosion

For this study, channel erosion problem locations were identified using a combination of model
output review and field investigations. Model output was reviewed to identify the open channels
with velocities greater than 5 feet per second (fps) during the 10-year storm. The 5 fps criteria are
considered the erosive velocity for streambed material consisting of silts with sand and fine gravel.
A visual inspection of the identified high velocity channels was made to determine the channel bed
characteristics and to identify visible signs of channel erosion. A channel that did not show visible
signs of erosion and/or had bed material that would withstand higher velocities was omitted from the
problem identification list.
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5.2 PROBLEM IDENTIFICATION

Flooding problems are present throughout the watershed. There are a few locations where clusters of
buildings flood, but, for the most part, flooding is spread out in isolated areas throughout the
watershed along tributaries and the mainstem.

Problem identification began with a revisit of the previous problem areas identified to validate the
presence and magnitude of the problem. In addition, new problem areas were investigated according
to the criteria established in the original Master Plan.

5.2.1 Structural Flooding

The structural flooding problem locations are shown on , Problem Identification Map.
This is a GeoPDF file, items on the map are able to reveal critical attributes when selected with the
Object Data tool in Adobe Reader. The Problem Identification Map includes a map symbol
indicating the storm in which the structure floods as well as the problem location code. The problem
location code is comprised of a two-letter watershed identification (SU), an “S” indicating structural,
and a location number. For example, a structure flooded in the Upper Salem Creek watershed could
have the following problem location code: SUS5. It is important to note that this system does not
rank the problem locations in order of importance.

Information, along with approximate flooded depths, problem identification number, and location
description, is summarized in [Fable 5.2-1. The last column in this table refers to the location of
problem solution alternatives and cost estimates in subsequent tables.

5.2.2 Roadway Overtopping

The roadway overtopping problem locations are shown on , Problem Identification Map.
The Problem Identification Map includes a map symbol indicating the storm in which the roadway
does not meet the specified criteria as well as the problem location code. The problem location code
is comprised of a two-letter watershed identification (SU), an “R” indicating roadway, and a location
number. As with the structure location code, this system does not rank the problem locations in order
of importance.

The roadway overtopping problem locations are summarized in [Tables 5.2-2] [Table 5.2-3] and
. For clarity, the tables have been separated by roadway classification.

There are no freeways with overtopping problems in the Upper Salem Creek Watershed.

5.2.3 Channel Erosion > 5 Feet Per Second (fps) @ 10-Year Storm

Channel erosion problem locations were identified if the natural channel Model link velocity during
the 10-year storm event exceeded 5 feet per second (> 5 fps) or if field observations revealed badly
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eroded channel banks. The channel erosion problem locations are shown on Figure 5.1, Problem
Identification Map. The Problem Identification Map includes a map symbol indicating the velocity
of the problem channel during a 10-year storm as well as the problem location code. The problem
location code is comprised of a two-letter watershed identification (SU), a “V” indicating velocity,
and a location number. As with the structure and roadway location codes, this system does not rank
the problem locations in order of importance.

The channel erosion problem locations are summarized below in . Previous limited field
investigation indicated these channel segments show visible signs of erosion and have channel bed
materials consisting of sand, fine gravel, and loam soil characteristics. Caution should be exercised
along with further field confirmation prior to implementing any improvements in these areas. There
can be fluctuation in the model results that may indicate areas of potential erosion, while the actual
ground conditions (both soils and vegetation) will show stable channel reaches.

5.3 ALTERNATIVE EVALUATION
5.3.1 General
Alternatives

Alternatives were considered during the original Master Plan development. This Master Plan update
did not revisit the options considered, rather it focused on the effect the land use pattern and drainage
system growth had on the selected recommended improvement (preferred alternative) option.

Alternative Summaries

Monetary benefits for structural flooding were determined using an adaptation of the Newark4 Flood
Damage Assessment Model. The Newark4 model produces annual benefits to solving structural
flooding problems based on tax value and flooded depth. The annual benefits were translated into
present worth benefits using a 100-year planning period and the March 2000 Federal Discount
Interest Rate of 8.2 percent. These present worth benefits were used to develop benefit/cost ratios for
structural flooding alternatives. The input parameters (structure finished floor elevation and water
surface elevations for the 10-, 25-, 50-, and 100-year storms) are listed in

As previously noted in Section 5.2.2, some of the roadway problems also result in structural flooding
due to backwater from the undersized pipes or box culverts. Also previously noted, in some cases
the roadway crest elevation is higher than the finished floor elevation of an adjacent structure that has
flooding problems identified in this report. With this in mind, the solution of a roadway overtopping
problem can reduce the structural flooded depth significantly. Conversely, the solution of a structural
flooding problem in many cases resolves the identified roadway overtopping problem. Therefore,
solutions to structural flooding can also include the benefit of resolution of roadway overtopping
solutions.
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Costs

A cost estimate is defined by the American Association of Cost Engineers (AACE) as an evaluation
of the cost of the element for a project or effort with an agreed-upon scope. Of the three types of
estimates noted by the AACE, costs developed for this Master Plan are considered Order-of-
Magnitude estimates. Order-of Magnitude estimates generally do not require a preliminary design
and are used for feasibility studies, selection of alternative designs, budgeting, and/or construction
forecasting. Typically, Order-of-Magnitude estimates have an expected accuracy of 50 percent more
than and 30 percent less than the actual construction costs.

Conceptual Order-of-Magnitude level cost estimates were developed for each alternative using
NCDOT bid tab sheets, Site Work and Landscape Costs Data, by R.S. Means, and previous projects
to determine unit costs. The cost estimates include a 20 percent contingency for potential
construction items not quantified and a 30 percent contingency for engineering, administrative, fiscal,
or legal fees, and are represented in 2010 dollars. Benefit/Cost (B/C) ratios were developed for the
structural flooding alternatives and are also noted in the alternative summaries.

Ranking

In the development of alternative solutions, each alternative for a particular problem was ranked
against the other alternatives for that problem. In many cases and mostly in roadway overtopping
problems, only one conceptual alternative was identified and investigated: replacing an existing
culvert with one having a greater hydraulic capacity. In general, the alternative that provided the
greatest benefit for the least cost was the alternative of choice for that problem. This includes the
alternatives that provided solutions to one or more problem locations or problem categories. Other
factors considered in the ranking of alternatives were environmental and social impacts. The
environmental impacts include potential loss of aquatic habitat and increase in pollution
concentrations in creeks and streams. Social impacts include visual aesthetics, reliability of the
solution, and potential conflicts with current City policy. These factors were slightly more difficult
to quantify than the benefit/cost components but were used to select the preferred alternative when
other alternatives were close, based on benefit/cost comparisons alone. The project ranking was not
modified as part of the Master Plan Updates.
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5.3.2 Development of Alternative Solutions

Problems and Problem Clusters are illustrated below depicting the original alternative number from
the initial master plan. This alternative was evaluated for the development of an updated
recommendation or possibly removed based on updated modeling. Tables have been updated and
renumbered to be sequential. The Summary Tabld cross referencing the problems, schematic nodes,
solutions, and other pertinent information is enclosed in Appendix.

Proposed Solution for Problem SUR04

Residential roadway Haled Street, east of Lomond Street overtops during 10-year storm. The
42-inch and 48-inch pipe sections are not sufficient to convey 10-year storm flow under the
residential street.

Alternative 1 as described in [Fable 5.3-1 is included in the recommended plan and is hereafter
referred to as Program Item SU-1.

Proposed Solution to Problem SUR59

Seventh and One Half Street is a residential roadway, which overtops in the 10-year storm. The
existing pipe system does have a sufficient capacity to convey safely the 10-year storm flow.

Alternative 1 as described in prevents the residential roadway overtopping. Therefore,
Alternative 1 is recommended and included in the recommended plan and is hereafter referred to as
Program Item SU-2. However, the City may consider no action because this is a dead end street and
the parking lot exit has an alternative exit on Martin Luther King Drive.

Proposed Solution to Problem Cluster SUR32, SUR33, and SUS18

The problem cluster starts at First Street between Shady Avenue and Poplar Street and extends
downstream to the low point in Brookstown Avenue underneath the Business 1-40 bridge. Two
residential streets overtop and flooding occurs in the lowest level of three residential structures on the
south side of First Street. The existing storm sewer system extends under private property from First
Street to Brookstown Avenue. The system is undersized, causing water to overtop First Street,
backup through a private drop inlet in the parking lot behind 620 First Street, and overtop the storm
sewer system at the low point in Brookstown Avenue.

Alternative 1 as described in prevents residential roadway overtopping and structural
flooding with a lower capital cost, but requires pipe system construction in addition to a looped relief
system on First Street to Brookstown and reconnects under 1-40 Bridge. Therefore, Alternative 1 is
recommended and included in the recommended plan and is hereafter referred to as Program
Item SU-3.
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Proposed Solution to Problem Cluster SUR11, SUS16, and SUR63

A 3.5-ft x 3.7-ft elevated arch culvert extending from Holly Avenue to Second Street between Poplar
and Brookstown overtops, flooding the basement level of a multi-family residential structure in the
10- through 100-year storms.

Increase existing system and install a looped relief system on West Fourth Street and reconnect on to
other side of parking garage. Cross Holly Avenue and continue south to end of parking lot. The
existing 36-inch pipe under parking deck is maintained. The alternative prevents overtopping of the
residential and collector roads and structural flooding. Therefore, Alternative 1 as described in
is included in the recommended plan and is hereafter referred to as Program Item SU-4.

Proposed Solution to Problem Cluster SUR25 through SUR29

Old Salem Road overtops from south of Brookstown to Academy Streets during the 10- and 25-year
design storms.

Alternative 1 as described in [Fable 5.3-§ prevents overtopping of the collector roadway, Old Salem
Road. Therefore, Alternative 1 is included in the recommended plan and is hereafter referred to as
Program ltem SU-5.

Proposed Solution to Problem SUR53

The overtopping of Peters Creek Parkway occurs during the 50-year storm and is a result of the water
surface being above the current overtopping elevation of Peters Creek Parkway. .

Alternative 1 as described in prevents the overtopping of the collector roadway, Peters
Creek Parkway by creating an earthen beam along Salem Creek and the east side of the road to
increase the overtopping elevation to 746 feet NAVD 88. Therefore, Alternative 1 is included in the
recommended plan and is hereafter referred to as Program Item SU-6.

Problem Cluster SUSO01 through SUS10 (h_'able 5.3-ﬂ]

The flooding of eight structures along Peters Creek Parkway and four structures along Hutton Street
and Salem Valley (private road) is the result of constriction of Salem Creek by the Peters Creek
Parkway Bridge and backwater from Peters and Salem Creeks. The structural flooding occurs during
the 10- through 100- year storm events.

The studied solutions for alleviating the structural flooding included building a floodwall and
buying and razing the properties. However, analysis of these solutions proved to be economically
not feasible, therefore, no improvement is recommended.
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Problem Cluster SUR35, SUR36, SUR37, SUR56, SUR58 and SUS14 ([Table 5.3-8)

This cluster includes potential flooding of a commercial structure immediately south of the Main
Street Bridge during the 10- through 100-year storms. Collector roadways, Main Street and
Waughtown Street overtop during the 10- and 25-year storms.

This area is located on the low ground in the Salem Creek floodplain. The improvements of the storm
drainage systems are not feasible due to the backwater effect of Salem Creek. No improvement is
recommended.

Proposed Solution to Problem Cluster SUR42 through SUR46

Three collector roadways (Fourth, Fifth, and Seventh Streets west of Linden Street) overtop in the
10- through 25-year storm events. A by-pass system is proposed to route overtopping flow into pipes
underneath the right-of-way of Fifth Street, Linden and Third Street.

Alternative 1 as described in [Fable 5.3-9 prevents overtopping of the three collector roadways.
Therefore, Alternative 1 is included in the recommended plan and is hereafter referred to as Program
Item SU-9.

Proposed Solution to Problem Cluster SUS26 through SUS28

Eight residential structures along Alder, Liberia, Pitts, and Humphrey Streets flood in the 10- through
100-year storm.

Alternative 1 as described in requires the purchasing of the eight properties in the 100-
year floodplain in the Main Street bridge area and raze them. Therefore, Alternative 1 is included in
the recommended plan and is hereafter referred to as Program Item SU-10. However, the City may
consider no action because the B/C ratio is estimated to be 0.4.

Proposed Solution to Problem Cluster SUR17, SUR18. and SUR40

Chestnut Street (residential roadway) at Fifth Street (collector roadway) intersection overtop in the
10- through 25-year storms. Existing pipes are replaced with larger pipes to accommodate the
overtopping flow.

Alternative 1 as described in [Table 5.3-11 prevents overtopping of the residential and collector
roadways. Therefore, Alternative 1 is included in the recommended plan and is hereafter referred to
as Program Item SU-11.
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Proposed Solution to Problem Cluster SUR06 and SURO07

The cluster includes overtopping of sections of West Salem Avenue at Walnut Street, and Main
Street and Old Salem Road circle interchange in the 10- and 25-year storms. Flooding is partially
caused by constriction of Salem Creek by the Main Street and old railroad bridges. In addition, flow
from undersized pipes in the Tarr Branch Tributary (Tributary R) contributes to the flooding.
Business owners in the area claim that flow starts coming out of manhole lids whenever a moderately
heavy rain event occurs. They believe most of the flooding is due to this undersized tributary system
and not from Salem Creek itself (although most likely a backwater exasperates the problem).

Alternative 1 as described in [Table 5.3-12 prevents the overtopping of the collector roadway.
Improvements include keeping existing pipe system, adding RCBCs under West Salem Avenue and

through the circle interchange, lowering inverts to meet cover requirements However, the solution is
contains a high cost for a low benefit given the overtopping is less than 0.3 feet, thereby creating a
low ranking. Alternative 1 is included in the recommended plan and is hereafter referred to as
Program Item SU-12.

Proposed Solution to Problem SUR55

East Salem Avenue and northeast of circle interchange overtop in the 10-year storm. Create a berm
and upsizing the existing system is improved with larger pipes that accommodate the overtopping
flow.

Alternative 1 as described in [Fable 5.3-13 prevents overtopping of the residential roadways, East
Salem Avenue. Therefore, Alternative 1 is included in the recommended plan and is hereafter
referred to as Program Item SU-13.

Proposed Solution to Problem Cluster SURO1, SUR23, SUR24, and SUS13

The residential (Doune Street) and collector (Main Street) roadway overtopping and flooding of two
structures in the area between Doune Street and Main Street are the result of inadequate pipe system
capacity in Tributary Q as it passes under Main and Doune Streets. The problem is exacerbated by
tailwater from Salem Creek downstream of Main Street. Structural flooding occurs during the
10- through 100-year storms, residential roadway overtopping in 10-year and collector roadway
overtopping in 10- and 25-year storms.

Alternative 1 as described in prevents the overtopping of the collector roadway and
includes installation of a by-pass system along Main Street to intersection at Doune Street and
continue heading northwest to the Creek. Therefore, Alternative 1 is included in the recommended
plan and is hereafter referred to as Program Item SU-14.
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Proposed Solution to Problem SUR54

Pipes in the area south of Business 1-40 and west of Liberty Street are undersized, causing
overtopping of Liberty Street and along the Liberty Strollway. Arterial roadway overtopping occurs
during the 25- and 50-year storms.

Alternative 1 as described in [Table 5.3-1§ prevents the overtopping of the arterial roadway, Liberty
Street. Therefore, Alternative 1 is included in the recommended plan and is hereafter referred to as
Program Item SU-15.
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SECTION 6 — RECOMMENDED PROGRAM

6.1 COMPONENTS
6.1.1 City of Winston-Salem Program

City of Winton-Salem program items are shown on entitled “Recommended Program.”
For the Upper Salem Creek watershed, City program items are identified as SU-1 through SU-21.
The numerical identifier does not rank the program item in order of importance. City proposed items
include solutions to all identified roadway overtopping problems, structural flooding problems with
B/C ratios greater than 0.5, and channel erosion problems affecting City utilities or drainage
structures. The following subsections summarize the proposed solutions for the City. Section 5.3
provides additional details regarding the specific location, technical data, and implementation of each
alternative.

The program developed for the City of Winston-Salem consists of all the recommended solutions for
the Upper Salem Creek watershed which are located within the Winston-Salem city limits and would
be an improvement which the City would have the authority to implement. The City of Winston-
Salem program to eliminate roadway overtopping and structural flooding consists of the
improvements SU-1 through SU-15 (ID codes SU-7 and SU-8 were not used). The program to
eliminate channel erosion consists of the improvements SU-16 through SU-21. The total cost for all
City proposed solutions is estimated at $28,919,000 (2010 dollars), which includes roadway
overtopping, structural flooding, and channel erosion problem categories for tributary improvements,
and improvements on the mainstem. The Summary Tabld cross referencing the problems, schematic
nodes, solutions, and other pertinent information is enclosed in Appendix. The following is a
summary of the City program costs by problem category:

Tributary Improvements

e Structural Flooding = $254,300
e Roadway Overtopping = $28,156,200
e Channel Erosion = $508,500

Proposed Solution SU-1 [Table 6.1-1]

Problem Location: Intersection of Haled Street and Lomond Street, extending East on Haled Street.
Problem Description: Residential roads overtop in the 10-year storm.
Selected Improvement: Standard pipe replacement and re-paving of roads.

Proposed Solution SU-2 [Table 6.1-2)

Problem Location: Seventh and One Half Street
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Problem Description: Residential roadway overtopping in the 10-yr storm

Selected Improvement: Standard pipe placement and road re-paving. Consider no action because
this is a dead end street and the parking lot has an alternative exit on Martin Luther King Drive

Proposed Solution SU-3 ([Fable 6.1-3)
Problem Location:  First Street between Shady Avenue and Poplar Street. Brookstown Avenue
underneath the Business 1-40 Bridge.

Problem Description: Three residential structures flood in the 10- through 100-year storms.
Sections of First Street and Brookstown Avenue overtop in the 10- through 25 year storms. The
existing system cannot be improved because it runs under private property (and private structures).
Therefore alternative include a loop around systems to relieve flow from the existing system.

Selected Improvement: Standard pipe replacement and road re-paving.

Proposed Solution SU-4 ([Fable 6.1-4)

Problem Location: ~ West Forth Street, Holly Avenue and through the Intersection of Shady
Boulevard and Second Street.

Problem Description: Overtopping of elevated arch culvert onto a residential and collector
roadways (Holly Avenue and Second Street, respectively), structural flooding, and collapse of soil
over storm sewer system in a residential backyard. The pipe system begins as a 3'% 3.7’ elevated
arch culvert at Holly Street and ends as a 36-inch RCP northeast of First Street and Shady Boulevard
with unknown locations of the pipe size transition.

Selected Improvement: Standard pipe replacement and road re-paving.
Proposed Solution SU-5 ([Fable 6.1-5)

Problem Location:  Old Salem Road from South of Brookstown Avenue to Academy Street.

Problem Description: The 66-inch RCP extending under Old Salem Road overtops onto the
collector roadway during the 10- and 25-year design storms.

Selected Improvement: Standard pipe replacement and road re-paving.

Proposed Solution SU-6 [[Table 6.1 6)

Problem Location:  Peters Creek Parkway.
Problem Description: Arterial road overtops in the 50-year storm.

Selected Improvement: Earthen berm construction.
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Proposed Solution SU-9 (Eable 6.1-91

Problem Location:  Fourth, Fifth, and Seventh Streets west of Linden Street

Problem Description: Three collector streets overtop in the 10- through 25-year storms.

Selected Improvement: Standard pipe replacement and road re-paving.

Proposed Solution SU-10

Problem Location: Alder, Liberia, Pitts, and Humphrey Streets, Salem Avenue east of Main Street
Problem Description: Structural and residential road flooding in the 10- through 100-year storm.

Selected Improvement: Purchasing of the eight properties and raze them.

Proposed Solution SU-11 (Eable 6.1—1i|i

Problem Location:  Chestnut Street between Fifth and Sixth Streets. Intersection of Fifth Street
and Chestnut Street.

Problem Description: Chestnut Street north of Fifth Street overtops in the 10- through 100-year
storms. The overtopping flow runs south to the intersection of Fifth and Chestnut Streets and ponds.

Selected Improvement: Standard pipe replacement and road re-paving.

Proposed Solution SU-12 ([Table 6.1-12)

Problem Location: West Salem Avenue at Walnut Street, and Main Street and Old Salem Road
circle interchange.

Problem Description: Collector road overtopping in the 10- and 25-year storms
Selected Improvement: Standard pipe replacement and road re-paving.

Proposed Solution SU-13 (Eable 6.1—13)
Problem Location: East Salem Avenue and northeast of circle interchange.

Problem Description: Salem Avenue and northeast of circle interchange residential roadways
overtop in the 10-year storm.

Selected Improvement: Construct a berm and the standard pipe replacement and road re-paving.

Proposed Solution SU-14 [Table 6.1—141
Problem Location: Area between Doune Street and Main Street
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Problem Description: Structural and residential, collector roadway flooding occur during the 10-
through 100- year storms.

Selected Improvement: Install a by-pass system and Standard pipe replacement and road re-paving.

Proposed Solution SU-15 ([Table 6.1-15)

Problem Location:  Private Property along Liberty Strollway and Liberty Street under Business I-
40 bridge.

Problem Description: Liberty Street and the U.S. Bankruptcy Court receive flood flows in the 10-
through 100-year storms.

Selected Improvement: Standard pipe replacement and road re-paving.

6.2 RANKING SYSTEM

6.2.1 Structural Flooding Improvements

Remediation of structural flooding was ranked on the basis of the benefit/cost ratio. In the cases in
which an improvement was found to also solve the roadway overtopping criteria, the cost difference
between the cost for just correcting the roadway overtopping criteria and the cost for solving
structural flooding was the cost applied in developing the benefit/cost ratio. The improvements that
affect structural flooding are ranked in Although it is atypical to recommend projects
with a benefit/cost ratio less than 1.0, improvements with a benefit/cost ratio greater than 0.5 are
considered acceptable in this study. FEMA regulations describe substantial damage as damage
assessed to be equal to or exceed 50 percent of the present market value of the structure prior to flood
damage. Therefore, if the ratio of the present value of avoiding annual property damage (benefit) to
the property value buyout expense (cost) is greater than 0.5, the structure should be condemned,
elevated, or moved.

6.2.2 Roadway Overtopping Improvements

Ranking of roadway overtopping improvements was based on the ranking of the roadway
overtopping problems removed by the improvements. Roadway overtopping problems were ranked
according to the type of roadway overtopped, the frequency of overtopping, and the depth of
overtopping. Problems removed under the City of Winston-Salem Program improvements were
separated from problems removed under the NCDOT/Private Program improvements. A roadway-
overtopping matrix was developed (as seen in table 6.2-2) to group overtopping problems on a point
system with the lower point value indicating higher importance of the overtopping problem. This
table was based upon type of road and frequency of overtopping. Within these groupings, the
problems were further ranked based upon the depth of overtopping, with the greater depth having the
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higher ranking. City of Winston-Salem program improvements are ranked in [fable 6.2-3 and

NCDOT/Private Program improvements are ranked in [Table 6.2-4|

Table 6.2-2

City of Winston-Salem Program

Roadway Overtopping Matrix

Residential Collector Arterial Freeway
10-year 10 8 5 1
25-year 9 6 2
50-year 7 3
100-year 4

6.2.3 Velocity Reduction/Protection Improvements

Velocity reduction/protection improvements were based on the field inspector’s opinion as to the
relative degree of erosive degradation of all channels that were field identified as having a degree of
erosion worthy of attention. None of the identified channel improvements in Upper Salem Creek

were grouped in the City of Winston-Salem program ([Table 6.2-5)]
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R | S coumny, Technical Memo

To:  Keith Huff

Project Salem Creek Watershed Master Plans

From: Patrick I3landford

CC: Ron Ge ger

JobNo: 153206-018

The City of Winston-Salem (City) is faced with an evolving assembly of NPDES Permit requirements
stemming from its initial Phase | permit back in 1995 through the present, where the City's Phase | permit has
been renewe:d with additional guidance. With each evolution, the permit language is expanded to include
more progran enhancements that address the quality of storm water discharges from the City’s MS4. The
City has responded to these requirements by incorporating water quality analysis into its watershed master
planning prozess and performing non-point source reduction services within its MS4 program  In addition, the
surface waters in the region have not improved, resulting in 303(d) listings and development of TMDLs. As a
result, new permit language is being further refined to require the City to address MS4 wasteload
contributions to waters with an approved TMDL. A historical summary of actions taken by the City to address
these requirements is presented below:

Date: June 14, 2013

RE: EPA SUSTAIN Modeling for Salem Creek Watersheds

PURPOSE

Event Based Monitoring to Develop Loading Rates

Modeling or Estimation of Loads from Watersheds

Ambient and Synoptic Water Quality Modeling

Identification and Evaluation of Structural Storm Water Management Measures

i L

5. Identification and Evaluation of MS4 Wasteload Pollution Controls

This technical memorandum summarizes activities taken to identify structural storm water management
measures (i.e., structural best management practices or BMPs) within the Salem Creek watershed. The
primary purpose of these measures is to reduce MS4 loads that are contributing to the fecal coliform
impairment i1 Salem Creek. The current MS4 wasteload is 4.22 x 10" colony forming units per day (cfu/day)
and the new allocation is 2.95 x 10" (cfu/day) for a 93% reduction. The City’s proposed permit recognizes
that a greater collection of pollution controls are needed and that structural BMPs may play an important role
in that collection. This technical memorandum frames the purpose, approach, and results of ihe structural
BMP assessment and supporting water quality analysis in context for both the past watershec master
planning efforts and emerging TMDL MS4 wasteload reduction efforts.

BACKGROUND

HDR Engineering, Inc. of the Carolinas (HDR) has assisted the City in producing watershed master plans for
the 15 basins within City municipal limits. The origins of these master plans included the estirnation of non-
point source loads from various land uses utilizing the results of the event based storm water sampling that
HDR performed in the early 1990’s. The estimation of these annual loads and resulting concentrations was
performed ir the RUNOFF block of XP-SWMM, coincidentally the same model used to perform hydrologic
and hydrauliz analysis. As the water quality portion of the City's Program grows, there is a n¢ed for more
flexibility than currently provided in the XP-SWMM software. Since the early 1990's, a number of land use
load estimat on tools and models have been developed that provide far more flexibility, support, and
integration than XP-SWMM. One of these tools, EPA’s SUSTAIN, satisfies this need and provides other
added value to the City’s program and planning efforts. In particular, EPA SUSTAIN combines a number of

HDR Engineering, Inc. ofthe Carolinas treet Ptone: (704} 338-6700
Fax (704) 338-6760
lotte, NC 28202-2075 wivw.hdrinc.com
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@Popular, tested models into a GIS framework for not grly the‘ﬁéstimation of non-point source loads but also the

water-quality routing of fate and transport processes,@erformance evaluation of common structural BMPs,
and &st-benefit optimization of said BMPs and other low impact development practices. HDF. recognized the
opportunity to transition existing efforts in XP-SWMM for non-point source load estimation to EPA SUSTAIN
and to leverage the structural BMP performance evaluation and cost estimation features.

Since 2007, the Phase | permits have included a requirement to address urban runoff in TMDL. approved
waters. The original language focused on the development and implementation of the Water Cluality Recovery
Plan which included planning for structural BMPs. However, this language has evolved to not be inclusive of
structural BMPs only and more direct about reducing MS4 waste load contributions rather attainment of water
quality stancards. In either case, the City recognizes a need to identify structural BMPs and evaluate their
potential for implementation as part of an overall MS4 waste load reduction strategy. The SUSTAIN model is
adept at performing this analysis. Traditional structural BMPs, such as wet ponds, wetlands, znd bioretention
areas, can be input into the hydraulic network of the model so that they receive and treat sub-basin runoff.
These structural BMPs, when evaluated with a continuous long-term simulation, can be assessed for their
performance against a variety of storm volumes, durations, and intensities, providing an overall picture of
performance. Furthermore, the SUSTAIN framework provides an associative cost for the structural BMP
simply based on cost indices of excavated/fill material or in a more complex manner based on cost indices for
distinct construction elements. Lastly, optimizations can be performed to size the structural BMPs for the
hydrologic response of the contributing drainage area or as part of a larger overall strategy to meet load
reduction va ues, percentages, or concentrations. It should be noted that, without extensive calibration and
monitoring, predicting structural BMP performance is limited to a relative evaluation amongst equivalent
structural BMPs; however, there is value in this understanding when making decisions about crojects in light
of construction constraints. As such, HDR used this model as an evaluation framework to assess a subset of
structural BMPs that were screened from a larger subset of opportunities for their individual performance and
their collectivve performance.

BMP SELECGTION AND MODEL DEVELOPMENT

HDR performed a screening analysis of potential BMP opportunities from the retrofit reconnaissance field
investigations performed in the five Salem Creek watersheds. Through the use of simple feas bility metrics,
the screening analysis identified the top candidate sites that provided the most treatment potential for
available area and least amount of implementation constraints. The eleven highest ranking sites regardiess
of basin locztion were then configured into SUSTAIN. The following table highlights the screening metrics.

Table 1. Screening Criteria for Structural BMPs

Evaluation Criteria Basis of Metric
Public
Ownership Type Private Commercial

Private Residential

Aceptance of Significant Drainage Drainage Area

Present Imperviousness

Future Growth Impact :
Future Imperviousness

Pollutant Loading Impact Pollutant Load Relative Ranking

Water Quality Volume

Ability to Treat First Flush

Trizatability of Pollutant of Concern

Permitting Involvement

Preferred BMP Design Depth
BMP Efficiency

Dam Permit Required
Wetland Permit Required
Stream Impacts Permit Required

HDREngineering, Inc. of the Carolinas
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Contributing drainage areas were delineated from the Watershed Master Plan sub-basins and structural BMP When
parameters were derived or estimated based on available information. These parameters typically included designi™y
surface arez and depth of the structural BMP, outlet control configuration, infiltrative capacity, first order BHPs, :h“" e
decay rates, and cost indices for excavated/fill material. The cost indices were based on HDR's recent vﬁf}"; usif-ﬁ
experiences with structural BMP construction costs and included a $1.50 per cubic foot of excavated storage 8MF -+yp
material for 2 wet pond and $2.50 per cubic foot of excavated material for a bioretention. The bioretention

cost per cubic foot is greater due the added cost of filter media and planting. The conceptual cesign of the

structural BMPs adhered to the standards of the North Carolina DENR Storm Water BMP Marual to the MWES
extent practicable for retrofit sites. Test M@A?Wﬂfmed what decay
separate from the Salem Creek work toééproximate irst order decay rates for fecal coliform z2mova rate ?
efficiencies for an ideal first flush loading event. The continu 3] med for an average

year of rainfall production. The following table summarizes the structural BMP sites identified for SUSTAIN

evaluation (additional information on each structural BMP is provided in a table at the end of this memo). The
infiltration BIMP types were entered as bioretention and the detention BMP type were entered as wet ponds.

Figure 1 displays the location of these structural BMPs and their contributing drainage areas. b Ay fonsidergtron for

§ease/ veckovs dopmd’
Table 2. BMPs Screened for Modeling in SUSTAIN by svsTATr
ID Location BMP Type Location Status
BR-3 \Winston Lake Park Infiltration Public Retrofit (pond)
BR-5 Lower Skyland Park Detention Public New (floodplain)
PE-4 Upper Bloom-Blanding Park Infiltration Public New (open space)
PE-5 L ower Bloom-Blanding Park Infiltration Public New (open space)
SAU-3 Happy Hill Park Detention Public New (floodplain)
SAU-5 €4 Lumber (Lowery Street) Detention Commercial Retrofit (pond)
SAU-9A \Washington Park Detention Public New (floodplain)
SAU-10 Marketplace Mall/\Washington Park Infiltration Public New (floodplain)
SAM-2B Douglas Battery Manufacturing Park Infiltration Commercial New (open space)
SAM-3B k.onnoak Elementary (Renon Street) Detention Public New (open space)
SAM-8A Miller Park Detention Public New (floodplain)

The transiticn to SUSTAIN was manageable, given the existing foundation of base data from the watershed
master planning efforts and the similarity of simulation routines between XP-SWMM and SUSTAIN. However,
a number of deviations were made to create efficiency in the analysis and maximize capabilities of SUSTAIN.

e Firs;, all five Salem Creek basins (Peter's Creek, Brushy Fork, Upper, Middle, and Lower) were
agg-egated to create a comprehensive watershed model in order to perform whole system evaluation.
Sub-basins were aggregated to the contributing tributary in order to reduce the number of modeling
elements and improve computational efficiency. Typically, the number of sub-basins was aggregated
to 10-15 percent of their original total. Because long-term continuous simulations are performed, the
reduction in number and increase in size of sub-basins is not a concern.

e SUSTAIN is not limited in the categorization of land uses like XP-SWMM is, so the lard use
categories for hydrologic parameterization were used verbatim but were grouped in some instances
where it made sense, such as grouping all roadway land uses regardless of their edge of pavement
treatment (e.g., with gutters, without gutters, ditched-lined, etc.).

¢ The loading rates used in XP-SWMM were replicated in SUSTAIN but regional event mean
concentrations (cfu/100 mL) were added for fecal coliform because none previously existed.

HDR Engineering, Inc. ofthe Carolinas 440 S Church Street Phone: (7041 338-6700
Suite 1000 Fa»: (704) 338-6760
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pounds, mg/L) had to be converted to common units for fecal coliform (colony forming units).

e For simplicity, the hydraulic network of pipes and open channels in the watershed were modeled as
zerc length elements with no travel time, which results in mass balancing occurring at the next
0 downstream node per each time step with no lag or decay of the mass.

.y'; o <lasily, SUSTAIN relies on more physical based runoff simulations, such as Green-Ampt or Horton's
& equation as opposed to NRCS method. Green-Ampt was used. Both these changes are appropriate
}/}Jf - 49 for water quality modeling where departure of hydrologic and hydraulic performance over a long-term

K‘x-" ¢ continuous simulation is less significant than event based modeling. This represents the full transition

by
5014.:} 3 of tre modeling environment necessary to support the historical land use load estimation efforts of the
L 3 3 2 e i
JO }S’@ﬂ \}J@Ef atershed master plan. by Jre [og{a,l {l_,u&"ﬂ‘;w‘;h_& -~ Vs ede.
L) “2( (&u- 4 Lnetron Wcﬂb‘:_;'\,sr) decaf
¥ & o NESMODELING RESULTS ol : 9
N ,}aﬁﬁi\.\% alﬂ-f = G(F’!‘“") X consertriton X 2“"}‘77{‘(‘2“9{-&”{-
7 @“,\"v'\' The total existing condition annual daily fecal coliform loadin IN model was 5.0 x
9 10" cfu/day which is higher than the total load identified in the City's TMDL (4.22 x 107 cfu zy).>The model
’ results are considered reasonable because there are many factors not included in the model that may
% increase or decrease this daily load. These factors include the fate and transport fecal coliform through the
v/ & watershed, variations in local event mean concentrations, as well as other contributing non-point sources not
A accounted for (i.e. sanitary overflows and leaks). The model produced is sufficient for the relative comparison
¢

of the proposed BMP performance and generalized assessment of the MS4 impacts to the overall fecal
coliform loadling.

The model v/as first set up to perform an analysis of a single set of BMPs with fixed dimensiors; these
simulations :are known in the model framework as the “current scenario”. The fixed dimensions were the
maximum B VP dimensions supported by each site based on a limited visual assessment. “Current scenario”
simulations 'were run initially to establish rankings based on individual site development potential. The
“current sceario” simulations allow for multiple assessment points within a watershed, meaning all results
can be mutually exclusive to each other. This scenario resulted in a daily fecal coliform reducton of
approximately 1.9 percent. The potential construction cost for these structural BMPs is on the order of $7-8
million based on excavation cost indices.

SUSTAIN'’s nighlighted feature is an optimization routine that uses genetic or scatter algoriths to evaluate
initial simulations for the purpose of directing and optimizing potential solution sets of various sized structural
BMPs. Afte performing the “current scenario,” optimization simulations were performed to es:ablish a range
of pollutant reduction versus cost (i.e. cost curve). Optimization simulations are limited to a single
assessment point, which typically is the pour point of the watershed, but can be intermittently adjusted
throughout the watershed for other objectives. These simulations were performed to optimize the pollutant
reductions across all sites by allowing the model to adjust mainly the size of the surface area of the structural
BMPs withir 75 to 125 percent of the proposed surface area. From the cost curve, a single cost-effective
solution for all structural BMPs was identified and then separately evaluated. In addition, the cost indices
were evaluated further for sensitivity during results post-processing, especially where a pond retrofit may only
require som2 embankment and outlet control construction. This scenario resulted in identifying a solution that
resulted in a daily fecal coliform reduction of approximately 1.9 percent. The potential construction cost for
these structural BMPs is on the order of $7-8 million based on excavation cost indices.

The following two tables summarize the top five structural BMPs of these two scenarios when they are ranked
by their cost-effectiveness (counts of cfu removed). Because structural BMP performance is typically
measured for a period of representative hydrology, the load removed is reported as cfulyear. The
performance: of all structural BMPs evaluated in SUSTAIN is provided in a table at the end of this memo.
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Table 3. Rank, As Part of Current Scenario

Rank 1D Location e e || ensanr
1 PE-5 Lower Bloom-Blanding Park Bf“’fw’%"ﬂ 0.4 63.8 6.8x 10"
2 SAJ-5 84 Lumber (Lowery Street) Wekg-nd 11 70.3 e e
3 BF-5 Lower Skyland Park Wetrgerd 32 72.4 15x10"™
4 SAMN-3B Konnoak Elementary (Renon Street) wetterd g 71.4 1.0x 10"
5 SAU-9A Washington Park Wetgord 1.1 70.0 2B Rl e

7.12 x!of::TU/c{ﬂ-}’

Table 4. Rank, As Part of the Optimal Solution Set

kD g rosnd | i
1 FE-5 Lower Bloom-Blanding Park B, gras 0.5(+) 68.9 (+) 7.3x1012 (+)
2 BR-5 Lower Skyland Park N2 2.6 (-) 67.1(-) 1.3x 1013 ()
3 SAU-5 84 Lumber (Lowery Street) W 0 ; (A1:3(+) 75.4 (+) 2.4 %1012 (+)
4 SAM-3B Konnoak Elementary (Renon Street) V”,r\;pa 0.7 (-) 66.6 (-) 9.6 x 1011 (-)
5 BR-3 Winston Lake Park @ v®® 0.6 (-) 77.2() 1.2x 1012 (-)

whot iﬁ BER

This type of modeling and evaluation provided a number of conclusions and observations. Some of the key
observations and conclusions from this study with its contributing assumptions are summarized below.

e The 11 structural BMPs modeled in SUSTAIN demonstrated around 1.9 percent reduction in fecal
coliform loading for the modeled portion of the Salem Creek watershed for the period of record
trealing 3 percent of the total watershed. This underlines that structural BMP development has a
limitzd cost-effective role in fecal coliform reduction.

o The optimized solution does not demonstrate significantly more fecal coliform reduction over the
“current scenario” for the cost provided. This may be because of a number of reasons including the
limitations established on optimization of parameters, the model compilation of a soluton set, and the
relatively small solution set of structural BMPs input into the model.

e The top ranking structural BMPs provide 1.4 to 1.5 percent of the 1.9 percent reduction at less than
half the proposed cost of the 11 structural BMPs.

e On average, of the 11 structural BMPs evaluated, wet ponds were more cost effective than 7
bioretention. The Winston Lake Park bioretention site was the best perfqgm@qflﬁrﬂg ntion sife ggﬁuw :
had the largest drainage area of the three proposed bioretention sites. seems high for reswoval

g,rf“*

o Desbite a higher assumed removal efficiency for bioretention (85 gércent! yersus we(:'onds (70
percent), the assumed cost index for bioretention made these structural BMPs less cost-effective for
this study. The sensitivity of the cost index was evaluated during results post-processing, but
lowering the cost did not make a substantial difference in the ranking until the value was comparable
with wet ponds, which is likely not the case. Retrofitting existing ponds for water quality controls is a
cost-effective strategy.

HDR Engineering, Inc. of the Carolinas 440 S Church Street Phene: (704} 338-6700
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Even when evaluating the sensitivity of the cost indices for retrofitting in results post-processing,
these same six structural BMPs were ranked highest but in different orders.

FUTURE MODEL CAPABILITIES

There are a number of incremental steps the City can take to improve the overall accuracy and function of the
SUSTAIN model. With each possible improvement, HDR can assist the City in evaluating the cost for
instituting th2 improvement with respect to the model simulation and prediction reliability. This discussion
should occu- within the context of how the City will be using the model to make decisions or record
performance:. A short list of improvements to consider includes:

i 8

7.

Detailed watershed monitoring to support calibration of various hydrologic and water cuality
parameters.

Detailed structural BMP monitoring to support calibration of BMP performance.

Incerporation of existing BMPs and ponds to reflect the existing reduction in loading. tis
reccmmended these be included either as an adjusted land use loading rate or as mutiple composite
BMP’s in lieu of each structure being individually modeled.

The incorporation of hydraulic elements, such as channels and pipes, to improve dynamic routing as
well as provide travel duration for water quality fate and transport processes to occur.

Adaption of land use loading rates to reflect the influence of non-structural practices 01 source
reduction or remediation.

Ultirately use the model to represent the estimated fecal coliform loading or other pollutant loading
associated with MS4 runoff within reasonable tolerances and demonstrate the need fcr identification
of other pollutant sources.

Detailed cost accounting of structural BMP construction to establish a database of cost parameters.

RECOMMENDED NEXT STEP

HDR recommends a number of steps the City can take to process the findings from this analysis.

Initially, use the ranking as a starting point for the structural BMP development as part of an overall
stralegy for reducing fecal coliform wasteload from the MS4.

Begin to vet more fully the prioritized list of structural BMPs for development with pub ic funds or
seek grants using the results of the SUSTAIN modeling as part of the decision basis. This may
incliude siting the other structural BMPs from the screening effort as perspectives on working on non-
public evolve with possibility of P3 funding options.

Incorporate other watershed water quality objectives and goals into the decision making for Salem
Cresk, such as addressing impairments for copper and zinc and potential nutrients in the future.

Cortinue to enhance the model's capability to more accurately predict and track pollution control
measures for both structural BMPs and select non-structural BMPs as a tool for MS4 wasteload
conpliance by implementing the aforementioned model improvements.

Formulate the procedure by which the SUSTAIN model and its capabilities will be used in other basin
planining efforts throughout the City
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NORTH CAROLINA 9 ELEMENT CHECKLIST

Watershed

Upper Salem Creek

Applicant Name

City of Winston Salem

Contact Person/Title

Andy Allen, Special Projects Coordinator

Address

101 N. Main Street, WinstonOSalem, NC 27101

Phone Number/Email

(336)747-6968 / andrewa@cityofws.org

Date of Submittal

March 1, 2016

What plans will you be
using to document the
9 Elements required

) Name of Plan(s) (abbreviation used in table) Author/Developer Year Link/Location

for 319 funding?

Please provide a full

reference.
Total Maximum Daily Load for Fecal Coliform for Salem Creek | NCDENR Water Quality Section — 2006 Attached
and Turbidity for Grants Creek in North Carolina (TMDL) Planning Branch
City of Winston-Salem NPDES Stormwater Permit Program
Water Quality Recovery Plan Salem Creek Fecal Coliform City of Winston-Salem 2009 Attached
TMDL (WQRP TMDL)
Upper Salem Creek Watershed Master Plan (Salem WMP) C|ty'of UG Salem & DL 2010 Attached

Engineering, Inc. of the Carolinas

Technical Memo EPA SUSTAIN Modeling for Salem Creek City of Winston Salem & HDR 2013 Attached
Watersheds (SUSTAIN Tech Memo) Engineering, Inc. of the Carolinas
City of Winston-Salem NPDES Stormwater Permit Program
Total Daily Maximum Loading (TMDL) Implementation Plan City of Winston-Salem 2014 Attached
Salem Creek Watershed (TMDL IP)
City of Winston-Salem Stormwater & Erosion Control Division City of Winston-Salem 2014 Attached

FY 2014-2015 Stormwater Management Plan (SWMP)

Once completed, please submit your checklist to Heather Jennings at heather.b.jennings@ncdenr.gov. DWR will conduct an internal review
and notify you when the plan has been determined to meet all of the 9 Elements and is eligible for Section 319 Grant implemen tation funding.

As they are approved, they will be listed on DWR’s list of 319 watershed plans at

http.//portal.ncdenr.org/web/waq/ps/nps/319program/nc-watershed-plans. If you are developing a plan that you are hoping to submit to
319 in the same year, please contact Heather Jennings by email or by phone at (919) 807-6437. Your plan will need to be submitted for
approval at least 45 days prior to the 319 Grant application due date.

North Carolina 9 Element Plan Checklist, Page 2
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1. Identification of the Causes and
Sources Checklist

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number)

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a9 Elemen

t plan)

Does the plan(s) identify stressors and
sources in the watershed?

Fecal coliform is the pollutant of concern
as described in the TMDL and documents
based on the TMDL.

Pollutant loading was also calculated for
12 other pollutants as part of the Salem
WMP including copper and zinc which are
other pollutants of concern in the
watershed.

TMDL — Section 3.1; page 14

WQRP TMDL — Section — Introduction; page 5
[TMDL IP — Section Introduction; page 9
Salem WMP — Section 4.1; page 37

OPTIONAL (Supplemental and/or supportin

ginformation)

Was a GIS desktop analysis X The Salem WMP used GIS to evaluate Salem WMP — Section 2.2; page 17
performed? physical characteristics of the watershed.
Has existing water quality or X Salem WMP included review of data [TMDL — Section 3.2; page 16-18 and Appendix A; page 41

biological data been reviewed?
e Ambient water quality data
e USGS data
e Other?

collected for previous master plans.

The TMDL relied on a study conducted in
2005 — Pathogen Source Assessment for
TMDL Development and Implementation
in Salem and Muddy Creek Watershed
Winston-Salem by MapTech HDR.

Salem WMP — Section 2.3; page 19-23
[TMDL IP — Section BMP C; page 9
SWMP — Section 16.1; page 40

Does the plan(s) identify any water X
quality impairments in this watershed
(303(d) list)?

Fecal coliform

TMDL — Section 3.1; page 14

Has a field assessment been X
conducted?
e CWP (Center for Watershed
Protection) Method
e EEP (Ecosystem Enhancement
Program) Manual
e Other?

Salem WMP included use of the EPA’s
Rapid Bioassessment Manual including
water quality sampling and fish and
benthic surveys

Stream walking in order to identify illicit
discharges occurs on an on-going basis in
the Salem Creek watershed

Salem WMP — Section 2.3; page 19-23
SWMP — Section 16.3; page 41

North Carolina 9 Element Plan Checklist, Page 3






Does the planindicate ifa TMDL has  |X A TMDL for Salem Creek has been TMDL

been developed for this watershed? developed by DEQ (formerly NCDENR)

Does the plan(s) include a map that X The WQRP TMDL includes maps with land[WQRP TMDL — Section Background; page 5-8
shows where stressors and sources use, outfalls and storm sewer inventory. [Salem WMP — Figure 2-6

are concentrated? The Salem WMP also includes map of TMDL IP — Section BMP A; page 6

inlets and outlets. The map is a result of a
study to locate, characterize, and digitize
all major outfalls within Salem watershed.

North Carolina 9 Element Plan Checklist, Page 4






2. Description of the NPS
Management Measures Checklist

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a9 Elemen

t plan)

Does the plan(s) identify management [X
measures that address the stressors
and sources identified in Element 1?
(note: prioritization of projects would be

considered to meet this element)

Yes, the TMDL IP reviews management
measures in place as well as additional
measures to be implemented.

The Salem WMP identified operational
and structural BMPs while the SUSTAIN
Tech Memo focused on structural BMPs.
The City’s SWMP includes a Capital
Improvement Plan with six structural
BMPs to be implemented that aim to
reduce fecal coliform in the Salem Creek
watershed. One of these BMPs is the
construction of a wet pond on the site of
the City Yard where extensive cleanup
has been occurring (City Yard
Contamination Phase Ill).

[TMDL IP — Section BMP B Existing Measures to reduce
MS4’s Waste Load Allocation; page 7 and Section BMP E
[Additional Measures for Implementation; page 11.
Salem WMP — Section 4.3; page 39-47

SUSTAIN Tech Memo

SWMP — Section 16.7; page 46-47

3. Estimate of the load reductions
expected for the management
measures

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a9 Elemen

t plan)

Have potential indicators been X
identified for each management
measure to determine success?

The TMDL IP states how each
management measure will be evaluated
including those identified in the Salem
WMP and the SUSTAIN Tech Memao.

TMDL IP — Section BMP B Existing Measures to reduce
MS4’s Waste Load Allocation; page 7 and Section BMP E
[Additional Measures for Implementation; page 11.

North Carolina 9 Element Plan Checklist, Page 5






Has it been roughly quantified how X
much each management measure
will reduce one or more parameters
identified in Element 17?

Yes, the SUSTAIN Tech Memo explains
how the model was used to quantify
reduction from identified structural BMPs
and how it can be used for future
modeling and prioritization purposes.
The TMDL IP quantifies how much each
operational or structural BMP will reduce
the pollutant of concern

[TMDL IP — Section BMP B Existing Measures to reduce
MS4’s Waste Load Allocation; page 7 and Section BMP E
Additional Measures for Implementation; page 11.

OPTIONAL (Supplemental and/or supportin

ginformation)

Has a water quality, watershed or X
lake response model been
developed for this watershed?

Yes, HDR developed a P-8 Urban
Catchment Model to be used with XP-
SWMM. They also developed a SUSTAIN
model as it is more flexible than XP-
SWMM as it relies on land use load
estimation tools along with fate and
transport processes.

Salem WMP — Section 4.1; page 37
SUSTAIN Tech Memo —Section Background

4. Estimate of the technical and
financial assistance needed

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a9 Elemen

t plan)

Have the potential costs associated X
with management activities listed in
the plan(s) been identified?

Yes, the Salem WMP identified costs
associated with the recommended
activities and the SUSTAIN Tech Memo
included costs for structural BMPS
identified.

The City’s SWMP includes costs for the
strucutreal BMPs including the wet pond
at City Yard

Salem WMP — Section 5.3.1; page 52 and Section 6.1;
page 58, Table 6.2-3, 4,5

SUSTAIN Tech Memo — Table 6

SWMP — Section Appendix G

Has the technical assistance that may |X
be required to help with design,
construction, implementation and
monitoring of management strategies
listed in the plan(s) been identified?

Yes, TMDL IP has specifics on what is
needed to accomplish each item
throughout the plan.

The SUSTAIN Tech Memo includes a list of
improvements that should be undertaken
by modelers to improve the model. It also
contains a list of next steps that will

TMDL IP — Section BMP E and BMP F; page 11-15

require additional technical assistance.
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OPTIONAL (Supplemental and/or supporting information)

Have potential partners and funding |X
sources to assist with implementation
of the watershed plan(s) been
identified and/or contacted?

Yes, the TMDL IP lists different City staff
as well as outside agencies that are
responsible for implementing the
watershed plan.

[TMDL IP — Section BMP E; page 11

Have potential partners/funding
sources to assist with maintenance
and/or monitoring (following
completion) been identified?

5. Information/Education
component

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a9 Element plan)

Have a range of information and X
education options been identified in
the watershed plan?

Yes, many of the additional measures
listed in the TMDL IP involve increasing
public awareness about water quality and
the steps they can take to reduce fecal
coliform.

The City’s SWMP includes extensive
education and outreach that is targeted
on the City’s TMDLs including Salem
Creek.

[TMDL IP — Section BMP E; page 11
SWMP — Section 8; page 14-16

OPTIONAL (Supplemental and/or supportin

ginformation)

Have resource agencies that can be X
integrated into the watershed
planning process been identified
and/or contacted?

Yes, the TMDL IP lists different City staff
as well as outside agencies that are
responsible for implementing the
watershed plan.

[TMDL IP — Section BMP E; page 11

6. Schedule for implementing
management measures

Yes

No

Notes

Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a 9 Elemen

t plan)

Have the tasks and activities that are [X
related to the implementation and
monitoring of management

recommendations been identified?

Yes, the TMDL IP has a list of items
needed to implement the various
identified BMPs.

The City’s SWMP includes a list of tasks to
be carried out for the TMDL.

[TMDL IP — Section BMP B; page 7 & BMP E; page 11
SWMP — Section 16; page 40
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Has it been determined if these tasks [X
and activities are short-term,
medium, or long-term in nature (note:
prioritization of projects is acceptable for
meeting this element)?

Yes, the TMDL IP has a schedule with
implementation year identified for the
additional measures for implementation
as well as the status of those that are on-
going.

The WQRP TMDL contains a program
implementation schedule with year.

The City’s SWMP includes a 5-year plan
that is continuously updated with new
SWMPs.

[TMDL IP — Section BMP B; page 7 & BMP E; page 11
WQRP TMDL — Section Program Implementation
Schedule; page 13

SWMP — Section 16.1; page 40
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7. Description of interim, Yes | No | Notes Identify location of information (include link or

measurable milestones attach plan and identify section and page number
REQUIRED (This box(es) below must be checked Yesin order to be eligible as a 9 Element plan)
Have interim, measurable milestones [X The WQRP TMDL has a section on WQRP TMDL — WQRP Assessment and Reporting; page
(things that you can track) that can assessing and reporting on the 14
help determine if management implementation of the identified SUSTAIN Tech Memo — Section Recommended Next Step
measures (in Element 2) are being strategies. TMDL IP — Section Documentation of WLA Incremental
implemented been identified? The SUSTAIN Tech Memo recommends  [Success; page 16

using the model to track pollution control
measures as a tool for MS4 compliance.

8. Criteria that can be used to Yes | No | Notes Identify location of information (include link or
determine if loading reductions attach plan and identify section and page number
are being achieved

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a 9 Element plan)

Have criteria and/or indicators that Yes, the TMDL established the total [TMDL — Section 3.3.3.2.1; page 23

can be used to determine if maximum daily load for meeting water  [TMDL IP — Section Introduction page 6
management strategies and activities quality standards. The TMDL IP also SUSTAIN Tech Memo — Future Model Capabilities
listed in the plan(s) are being effective includes the percent reduction needed.

been identified? The SUSTAIN Tech Memo includes

options on how the model can be used in
the future to track and quantify
implemented BMPs

9. Monitoring Yes | No | Notes Identify location of information (include link or
attach plan and identify section and page number

REQUIRED (This box(es) below must be checked Yesin order to be eligible as a 9 Element plan)

Has a monitoring plan that includes Yes, the City has a monitoring plan in TMDL IP — Section BMP D; page 9
each of the criteria and/or indicators place and the TMDL IP proposes SUSTAIN Tech Memo — Section Future Model
identified in Element 8 been additional modifications to the Capabilities

monitoring. The monitoring plan is
further described in the City’s stormwater
management plan.

The SUSTAIN Tech Memo recommends
monitoring to support calibration of the
SUSTAIN model.

developed?
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OPTIONAL (Supplemental and/or supporting information)

Are there plans for conducting water The City conducts water quality SWMP — Section 15; page 39
quality monitoring? monitoring as part of its NPDES permit.

e Intensive/On-going?

e Field kits?

If water quality monitoring is
expected to be conducted, have you
contacted NCDWR?
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