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• Phase 1 MS4 
stormwater community

• 15 watershed level 
master plans

• MS4 Inventory
• H & H Models
• Baseline WQ Monitoring
• Stormwater Retrofits

• Short-term vs Long-
term needs

• TMDL impaired streams

The City of 
Winston-Salem



MS4 Compliance Goals

1. Develop, update and maintain a 
municipal storm sewer system map 
including stormwater conveyances, 
flow direction, major outfalls, and 
waters of the United States receiving 
stormwater discharges.

2. Detect and trace sources of illicit 
discharges and remove or report the 
sources to the State to be properly 
permitted. 

3. Develop appropriate BMPs to 
address impaired waters in TMDL 
regulated streams.

Stormwater Inventory Updates

Dry-Weather Outfall Screening

TMDL Stream Walking



Project Specific Goals

Improve data 
collection 
efficiency

Create a 
collaborative 
compliance 

process

Centralize 
data 

management

Standardize 
procedures

Streamline 
documentation



Stormwater 
Inventory 
Updates



• AGOL mobile application
• Field Maps

• ArcGIS desktop features
• Existing inventory geodatabase



Pilot Study

• Gather information to provide 
direction to subconsultant

• Determine likely causes of 
inventory discrepancies

• Identify best practices to be 
implemented in future inventory 
collections

Missing pipe

Differing 
alignmentAdditional pipe 

in inventory

Missing 
inventory 

(entire 
development)

Missing 
structure

Missing system 
inventory

Wrong structure 
type

ISSUE CHARACTERIZATION



AGOL Field Maps App

• Existing stormwater 
inventory

• Documented inventory 
issues

• Updated inventory layers

• Survey grade data collection 
with Arrow Gold RTK GNSS 
receiver

• Initial learning curve



Automated QC Process

• Developed Python script
• Generates random selection of 

points to QC
• Compares QC data to original 

collection for validation
• Calculates QC success rate



Dry-Weather 
Outfall 

Screening



• ArcGIS Online (AGOL) mobile 
applications

• Collector
• Survey123

• AGOL desktop features
• Dashboard tracking



AGOL Collector Application

• Outfall locations

• Outfall screenings completed

• Ability to add new outfalls

• Link to screening survey form



AGOL Survey123 App

• Outfall physical characteristics 
and condition

• Water quality qualitative 
assessment

• Photo attachments

• Recommendations for further 
investigation

• Report exports



• Initial water quality assessment

• Strip test for Iron concentration

• Recommendations for water quality 
sampling and further investigation

Field Assessments



• Prepopulated attributes

• Condition assessment

Data Verification



• Visual qualitative assessment

• Recommendations for further 
investigation

Water Quality Assessment



• Water quality sampling

• Illicit determination

• Notice of violation

Follow-up Investigations



AGOL Dashboard

• Progress updates

• Inspection statuses

• Data editing

• Photo and document 
attachments

• Collaborative effort



TMDL Stream 
Walking



AGOL mobile applications

• Survey123
• Bacterial Source Assessment
• Bank Erosion Assessment



AGOL Survey123 App

• Stream physical characteristics and 
condition

• Latitude and longitude spatial location

• Water quality qualitative assessment

• Potential bacterial source assessment

• Bank Erosion Hazard Index (BEHI) 
assessment

• Report exports



Bacterial Source Assessment

• Identification of potential contributors 
of fecal coliforms

• Descriptions of problem areas

• May include compromised sanitary 
sewer infrastructure, nearby dog 
parks, agricultural facilities, etc.



Bank Erosion Assessment

• Bank Erosion Hazard Index (BEHI)

• Exposed bank data collected



BEHI

• Calculations performed within survey 
automatically

• Resultant erosion severity 
classification



Project Specific Goals

Improve data 
collection 
efficiency

Create a 
collaborative 
compliance 

process

Centralize 
data 

management

Standardize 
procedures

Streamline 
documentation



Collaboration Benefits

• Leveraged resources and skills
• HDR data collecting in the field and 

compiling reports in the office
• City performing investigations

• Improved investigation response
• Real time reporting through 

dashboard
• Stream-lined data sharing to all 

parties



• Development of 3 new SOPs
• Provide for handoff to City
• Meet Permit requirements for 

procedures

• Centralized data management
• AGOL dashboard/GDB contains full 

cycle documentation in one place

• Referenceable data
• Searchable via spatial reference
• Push reporting from the GDB

Documentation and 
Compliance



Data Efficiency Improvements and Beneficial Uses

• Data continuity involving non-
stormwater observations and past 
investigations

• Workload planning and time budgeting 
using previous screening rates 
(outfalls/per hour)

• Proactive education and enforcement 
in hot spot areas 



Questions?
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