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INNOVATIVE JOB STATUS 
MONITORING TECHNIQUES 

USING GIS
ODOT MS4 OUTFALL INVENTORY



The Ohio Department of Transportation (ODOT)  

ODOT and Ohio highway information
7th largest highway system in the nation. 
5th greatest volume of traffic 
4th largest interstate system 
3rd greatest value of truck freight 
2nd largest inventory of bridges. 
Maintains
Approximately 49,000 lane miles 
Over 44,000 Bridges and Culverts 
Over 5,000 stop signs 
Over 3,400 intersections 
Over 6,200 on and off ramps 
Over 3,100 miles of guardrail 

Founded in 1905
Headquarters:  Columbus, Ohio
Director:  James Beasley
Industry:  Public transportation construction 

and maintenance
Operating Income:  $2.898 billion (2007)
Employees:  6,031 (2006)
Website:  http://www.dot.state.oh.us/

http://www.dot.state.oh.us/
http://upload.wikimedia.org/wikipedia/en/c/c7/Ohio_DOT_Seal.jpg


TODAY’S AGENDA

Stormwater regulatory overview
Purpose of the project
How GIS is woven into the three-step inventory process
＞ Step 1: Office research and data collection

＞ Step 2: Field data collection

＞ Step 3: Database population

Conclusion
＞ Job status monitoring using GIS

＞ Other GIS applications



STORMWATER REGULATORY OVERVIEW

Clean Water Act (CWA)
＞ Began as the Federal Water Pollution Control Amendments of 

1972.

＞ Known as the Clean Water Act following amendments in 1977.

＞ The Act is the primary federal law in the United States governing 
water pollution.

＞ All discharges into the nation’s waters are unlawful, unless 
specifically authorized by a permit.

＞ EPA grants and manages these permits through the NPDES 
program.



STORMWATER REGULATORY OVERVIEW

National Pollutant Discharge Elimination System (NPDES)
＞ System for granting and regulating discharge permits.

＞ Regulates both point and non-point sources that discharge 
pollutants into waters of the United States.

＞ More than 65,000 industrial and municipal dischargers must 
obtain permits from EPA.

＞ Permits are issued for 5-year periods and must be renewed 
thereafter to allow continued discharge.



STORMWATER REGULATORY OVERVIEW

Types of NPDES Stormwater Permits
＞ Industrial

＞ Construction (statewide)

＞ Municipal Separate Stormwater Sewer System (MS4)

• Urbanized areas only

• Traditional MS4 (~300 in Ohio) = municipalities

• Non-traditional MS4 (11 in Ohio) = colleges, ODOT

• Stormwater Management Plan (SWMP) required



STORMWATER MANAGEMENT PLAN

ODOT was granted permit coverage by OEPA in 
2003. 

Permit required ODOT to incorporate six elements 
into SWMP
＞ Public education outreach

＞ Public involvement and participation

＞ Illicit discharge detection and elimination 
(MS4 Outfall Inventory)

＞ Construction site run-off controls

＞ Post-construction run-off controls

＞ Pollution prevention and good housekeeping



WHAT IS ODOT’S MS4 REGULATED AREA?

ODOT’s responsibility and includes:
＞ ODOT normalized urban areas in Appendix 6 cities:

• All Interstate highways 

• U.S. and state highways within villages and unincorporated 
areas

• All ODOT facilities

＞ For Appendix 7 cities:

• All Interstate highways

• All ODOT facilities

A TOTAL OF 1,930 MILES AND 92 FACILITIES



WHAT IS INVENTORIED?

Outfall definition: the point at which any discernible, confined 
and discrete conveyance of ODOT’s storm sewer system 
discharges to surface waters of the state.



END PRODUCT OF MS4 OUTFALL INVENTORY

Complete database for all outfalls in the ODOT MS4 regulated area.
＞ GIS information of outfall locations

＞ Construction plan or drawing of each outfall location

＞ Photo(s) of each outfall

＞ Illicit discharge information

Inventory will serve as the foundation for ODOT’s illicit discharge detection 
and elimination efforts





THREE STEP PROCESS

Three primary steps will lead to a complete database:
＞ Step 1: Office research and data collection

＞ Step 2: Field data collection

＞ Step 3: Database population

Contractor after 
completing an 
outfall inventory



ODOT DATA FORM



WHAT WOULD YOU DO?

560 miles of roadway

840 stream crossings

1,440 field crew hours

21,000 miles of driving

4,050 outfall points
＞ GIS data

＞ Plan sheet

＞ Photos



GIS: WHY IT’S THE BETTER APPROACH

Fully integrate GIS into each step
＞ Reduce duplication of effort

＞ Minimize data inconsistencies

• Clean data

＞ Time savings during field data collection

• Derive as much as possible in the office

• GPS unit programmed to prompt questions and provide choices for 
answers. 

• Safety: less time spent alongside the road

＞ Project management

• Track progress of field crew & overall project

• Flush out errors



STEP 1: OFFICE RESEARCH 
AND DATA COLLECTION

Water Resource Mapping Review
＞ Identify stream locations on roadways and facilities

Review of Construction Plans
＞ Research roadway construction drawings



WATER RESOURCE MAPPING REVIEW

Identify Stream Locations on Roadways and Facilities
＞ MS4 area base map – some streams, bridges that may span surface 

waters of the State

＞ USGS topographic maps – do not display the smallest headwater 
streams

＞ NRCS soil surveys – will show most small streams



WATER RESOURCE MAPPING REVIEW

GIS: Identify Preliminary Point
＞ Locate stream crossings

• Develop base map by adding USGS mapping

• Reference NRCS soil survey maps

• Place point on database 

＞ Information added with each point

• Stream name

• Probability of stream at this location (high, med, low)

• Name of person entering information



WATER RESOURCE MAPPING REVIEW



WATER RESOURCE MAPPING REVIEW

GIS:  Office Process

Preliminary Point is processed with ODOT-supplied base 
information 

Result – intelligent points
＞ SLM log point

＞ County, municipality, ODOT district

＞ HUC code (hydrologic unit code)

＞ NFLID (network linear feature identification)



WATER RESOURCE MAPPING REVIEW



REVIEW OF CONSTRUCTION PLANS

Research Roadway Construction Drawings
＞ Further identify stream crossings

＞ Identify storm water outfall points

• Pipes

• Ditches

• Catch basins

＞ Base diagram for the drawing of each outfall location



REVIEW OF CONSTRUCTION PLANS



REVIEW OF CONSTRUCTION PLANS



STEP 2: FIELD DATA COLLECTION

Field crew training

GIS: Field data prep

GIS: Data collection



FIELD CREW TRAINING CLASS

Recognizing “Surface Waters of the State”
＞ For the purposes of this inventory, a surface watercourse shall be 

considered to be a stream and surface waters of the State if all of the 
following characteristics are present:

• A defined “channel” which carries water for at least a minimal period 
of time and has an “ordinary high water mark” (OHWM).

OHWM

Notice vegetation transition



FIELD CREW TRAINING CLASS

What to Inventory: Outfalls
＞ Two outfall types:

• Ditch outfalls: an outfall located at the 
end point of an open drainage feature, 
which is most commonly a ditch, but 
can also be a trench, trough, channel 
or other similar feature.

• Pipe outfalls: an outfall located at the 
end point of a closed drainage feature,
such as a pipe, culvert or similar 
manufactured structure. 



FIELD CREW TRAINING CLASS



FIELD DATA PREP

Checking data out from database (ArcView) to the GPS unit 
(ArcMap) provides smart data for the field crew
＞ MS4 boundaries

＞ Stream crossings (Low/Med/High Priority)

＞ Locations where construction drawings have been linked into 
database

＞ Previously inventoried points

• Points needing dry weather visual field screening

• Locations skipped due to roadway construction

＞ Weather Data



DAILY WEATHER DATA UPDATES 



FIELD DATA COLLECTION

Field Crew Inputs
＞ Remainder of Outfall ID

＞ Rock Channel Protection

＞ Litter Present

＞ Comments

＞ Ditch or Pipe data



FIELD DATA COLLECTION

Ditch Data
＞ Back Slope

＞ Fore Slope

＞ Bottom ditch width



FIELD DATA COLLECTION

Pipe Data
＞Shape

＞Height

＞Width

＞Material



FIELD DATA COLLECTION

Dry Weather Visual Field Screening
＞ Odor Present

＞ Color of Water

＞ Status of Potential Illicit Discharge

＞ Floatables Present

＞ Turbidity of Water

＞ Source of Potential Illicit Discharge

＞ Comments



FIELD DATA COLLECTION



STEP 3:  DATABASE POPULATION

Process Field Collected Data in the Office
＞ Data is checked from GPS unit into the database

＞ Error correction of outfall points by locating the nearest base 
station

＞ Error checking in the field data

＞ Photos and plans linked to outfall point 







DATABASE POPULATION

Data is imported into ODOT’s MS4 Outfall Inventory Database 
via the Internet
＞ Tabular outfall data (CSV) file.

＞ Digital photos and sketches as JPEG image files.

The complete and verified imported data is reviewed before it 
is considered to be final

Final data is then submitted to ODOT



ODOT DATABASE

Standardized Queries and Searches



GIS: JOB STATUS MONITORING



GIS: OTHER APPLICATIONS

GIS can be tailored toward various infrastructure inventory 
needs.
＞ Traffic Sign Inventories

＞ Environmental

• Indiana Bat Tree Locations

• Wetland Delineations

＞ Dam Inventory
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Phone:  (419) 305-0144
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