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The Rouge River National Wet Weather Demonstration Project (Rouge Project) beganin 1992 by the
Department of the Environment, Wayne County, Michigan. The Project isaUnited States Environmenta
Protection Agency (USEPA) grant funded comprehensive program to manage wet weather pollution to
restore the water quality of the Rouge River, an urbanized tributary of the Detroit River in Southeast
Michigan. The Rouge River has been designated as a significant source of pollution to the Gresat Lakes
system.

The Rouge Project isdesigned to identify the most efficient and cost effective controls of wet weather
pollution, while assuring maximum use of the resource. Combined sewer overflow (CSO) controlsare
being implemented in phases. Under Phase 1, six communities are separating their sewers and eight
communities are constructing 10 retention treatment basins. A two-year evaluation study of the CSO
control basins began on June 1, 1997. These results coupled with efforts to control storm water and other
pollution sources in the watershed will provide the basisfor the Phase 2 CSO control program on the
remaining CSO sourcesinthewatershed. Theinformation gained from theeva uation of design stormsand
control technologieswill be useful nationwidein determining cost effective CSO controlsto meet water
quality standards.

Innovative storm water control technologiesare also being evaluated under the Rouge Project. A total of
60 pilot storm water management projectsare beingimplemented throughout the watershed by 25 different
communitiesand agencies. Categoriesof pilot storm water management projects currently underway
include wetlands creation and restoration, structura practices such as grassed swales and detention ponds,
illicit discharge imination, erosion contrals, stream bank stabilization and habitat restoration to name afew.

Innovative, readily transferable tools have been devel oped, employed by the Project, and are being shared
with other citiesand State agencies. Theseincludeasuite of computer model sto smulatethewater quality
and quantity response of the Rouge River in response to wet weather events for existing and future
conditions under various CSO and storm water runoff management alternatives, a comprehensive
geographic information system (GIS); relational databases were designed and implemented to manage the
wea th of datacollected under the Project (DataView and Rouge I nformation Manager); and the use of
a holistic watershed approach.

The Rouge Project in southeastern Michigan isaworking demonstration of awatershed-wide approach
to restoring and protecting an urban river system by using acooperativelocaly based approach to pollution
control. Innovative, readily transferable tools have been devel oped and employed by the Project. The
environmental results of the Project are already very evident.
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ABSTRACT

The Rouge River Watershed located in southeastern Michigan encompasses approximately 438 square
miles. A primary objective of the Rouge Project isto demonstrate how to address and correct urban wet
weether pollution problems. However, water quality objectivesinthe Rouge River Watershed will not be
achieved unlessillicit dischargesaredliminated. The Rouge Project illicit connection program hasutilized
severa methodsto identify sourcesof illicit discharges, but first, amethod to prioritize areasfor detailed
evaluations had to be developed. A GIS database was established to assist in this area.

Severa methodswere explored toidentify illicit connections, however, this paper discussesfive of those
methods used to provide information to prioritize areas of the watershed for detailed investigation. Those
include: dye testing of plumbing and on-site sewage disposal systems; visual observations of
manholes, outfalls and on-site sewage disposal systems; aerial photography; televising of storm
sewers; and testing for ammonia, surfactants, E. coli and isotopes of hydrogen and oxygen. Data
collected suggested that thereare 5,260l licit dischargesand at least 3,600 failing on-site sewage systems
inthewatershed. Thisdatahas been helpful in convincing municipalitiesto include an illicit discharge
investigation and an on-site sewage mai ntenance programintheir gpplication for astormwater discharge
permit.
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INTRODUCTION

Sampling and moddling of CSOsto the Rouge River in southeast Michigan indicates that when the CSOs
aretreated or diminated, the river will not meet water quality sandards. Investigationsby municipdities
haveidentified illicit connection problems. These sources of non-storm water pollutantsinto sorm drainage
sysemsarerequired to beinvestigated and €liminated as part of thevoluntary Nationa Pollutant Discharge
Elimination System (NPDES) storm water permitsfor communitiesand as part of NPDES permitsfor
storm water associated with industrial activities.

Considerable effort has been made since 1994 in the Rouge Watershed to locate and eliminateillicit
connections. Published materia suggested many possiblewaysto tracethe sourcesof illicit connections.
Aspart of the Rouge Project, methods to locate illicit connections have been evaluated. This paper
presentsthe gpproaches used to locate areaswithillicit discharges, and methodsto locateillicit connections
and results.

DISCUSSION

The Rouge River Watershed has a population of over 1.5 million people and has 43,520 businesses.
Because of thegze of theare, it was necessary to develop criteriato prioritize areasfor investigation. One
screening was done to eiminate businesses that were on combined sewer systems. This reduced the
number of businessesto 22,467. Once developed, the criteriaused wasto identify areas of known water
quality problems, to review complaintsrelated to water quality, and to review water quality dataand land
use. Land usewas of particular interest because the datawere used to identify areasin communitiesthat



were used for business operations. Businesses were a priority based on findings in Washtenaw County
(Schmidt, 1986). These findings indicated that 38 percent of the businesses tested were improperly
connected to the storm sewer system. The highest percentage of illicit storm drain connections were
detected at automobile-related facilities.

Water sampleresultswere given moreweight in resdentid areasin selecting areasfor investigation because
it ismore convincing to the public and municipal employeesthat thereisaproblem. E. coli bacteriawas
found to be the most significant water qudity problem intheresidentia areas. This could have resulted
from on-site sewage disposa systems (OSDS), sanitary sewers, pet waste, wildlife, and illegal dumping.
Census data from 1990 reported that there were over 18,000 OSDS in the Rouge Watershed. It was
suspected that failing OSDS could be contributing to the bacterial problem in the watershed. This
encouraged the development of a program to investigate non-residential operations, and OSDSin areas
with high E. coli resultsand storm sewers.  The data collected has been used to project illicit connections
and their impact on water quality in each subwatershed in the Rouge River Watershed.

METHODOLOGY

Firg, dyetesting was usad to locateillicit connectionsin businesses. A method to prioritize theinvestigation
was devel oped based on the Standard Industrial Classification (SIC) of businesses. Businesses were
surveyedinthetarget areas and dye was placed into the plumbing fixturesto observe dischargelocations.
Storm and sanitary sewersin the businesstarget areas were observed after dye was placed in thefixture.

Dye testing was a so used to evaluate OSDS. Dye was placed in the septic tank and the surface water
downstream from the property was checked for visual observation of the dye. If no dye was seen, a
charcoa packet was placed in the stream to collect dye that was not visble. The charcoa packets were
collected and taken to the laboratory for analysis.

Inresidentia areas, asecond and third method was used to hel p isol ate sources of bacteria; water testing
and visual observations. Visua observationswere conducted on manholes, outfals, and on-site disposa
systems. Manholes and outfalls in areas that had reported high E. coli bacteria were also tested for
ammonia, surfactants and E. coli. The manhole or outfall was photographed and the following were
recorded: water color, staining on the structure, debris and odor.

A fourth method, consisted of television cameras in storm sewers which were used to show staining

on the pipe, debrisin the sewer, and the sewer lead |ocation of asuspiciousdischarge. Thefifth method
wasthe use of aerid photography. It wasbelieved that infrared photography could identify warm water
dischargesinthewinter. Thesewarm dischargeswould then beinvestigated for the source of the water.

An analysis of the same areain the warm months might also alow concentrationsof chlorophyl to be
identified. The source of the nutrients that stimulated the chlorophyl might identify aniillicit discharge.



RESULTS

Dye Testing

From 1987 through December of 1997, Wayne County dyetested approximately 3,340 businessesand
indudtriesfor illicit connectionsto the storm sewer system. Approximately 8 percent of the 3,340 facilities
inspected were found to haveillicit connections and the elimination of these improper discharges has
diverted raw sewage and other pollutants from the river to the wastewater treatment plant. If oneillicit
connection was found at abusiness, it usually resulted in finding others. An average of 2.5 improper
connections were found at businesses that had anillicit connection.

Themgority of illicit connectionsfound in non-residentia facilitiesweredrainsconnected to storm sewers.
Drainsincludefloor drains, trench drains, interior catch basins, oil separators, machine processwater and
sump pumps. Thecategoriesof illicit connectionsfound were: floor drains (46 percent), Snks (20 percent),
horse washing-washing machines (15 percent), toilets (11 percent), and avariety of others (8 percent).
Figure 1 isachart of these findings.

Another study, funded in the Oakland County portion of the Rouge Watershed included stream sampling
for feca coliform, E. coli bacteria, and benthic macroinvertebrates, a ong with dyetesting of septic tanks.

a.  Of the 49 surface water sampling sites, 43 percent had a daily geometric mean for E. coli
bacteria of 1000 or more per 100 mL. of sample.

b.  Themacroinvertebrate sudy wasdoneto indicate water quaity of the treamsinthe survey area.
A scde has been deve oped to rate macroinvertebrate and water quality. Theresultsin the study
arearanged from 7 which indicates poor water quality, to 20 which is considered good water
quality.

c. Dyetesting in 1994 found 52.3 percent of the homes tested had discharges to theriver.

d. Anopticd brightener test was done at the river siteswhere dyewas collected. These wereadl
negative. The brightener test has been used to detect laundry waste in coastal areas.

f.  Dyetesting in 1995 found a 39.3 percent failure rate for OSDS in the communities surveyed.

Water Testing and Visual Observations

Hundreds of manholes and outfalsweretested for ammoniaand photographic documentation and field data
sheetswererecorded at each manholeand outfal. Over 150 manholelocationsand outfallswereidentified
to haveover 1 ppmammoniaor visua evidence of suspiciousdischarges. Follow up sampling was done
toreate E. coli levelswith ammoniaand surfactants at each manhole and outfal. Over 200 manholesand
outfals have been checked for anmonia, anionic surfactantsand E. coli. Nineteen of thethesehad E. coli
counts over 5000 per 100 mL.

A grant wasfunded by the Rouge Program Office to Wayne County to survey OSDS serving homesin one
of the tributaries that drain to an area that was planned to be used for canoeing. Canoeing has been
discouraged in most of the Rouge River dueto the high E. coli bacteria counts. Through December 31,
1997, 427 homes have been visited and avisua survey of the property has been doneto identify signs of
OSDS problems. Ninety-three of the systems have been described asfailing or potentially failing for a



failure rate of 21 percent. Typical descriptions from the field notes are:

» Sewage backup in the home

» Gray water discharging to the ground surface

» Standing water on top of gravel seepage field

* Mushy area, associated with back end of apparent seepage field

* lllicit connection and undersized septic tank (100 gallons) drained by atrench type (long single
perforated pipe) seepage field.

» Black sludge residue and toilet paper debris around surface of the septic tank covering

» Growth of cattails, wet marsh on the face of the downward sloping hill.

Visud observations from field crews and the public have identified sgnificant improper dischargesto the
river. Two examplesthat field crews found and reported were:

C ateam doing ahabitat sudy found acombined sewer discharging during dry wegther. The sewer
mai ntenance personnel investigated this, corrected the problem and reported that the discharge gate
had stuck in the open position.

C ateam sampling outfalls noticed signs of sewagein the outfall. Tracing the flow upstream they
found that a sewer contractor was by-passing the sanitary waste to the storm sewer so he could
work on the sanitary.

Stableisotopes of oxygen and hydrogen have been used to determine theexistence of illicit connections
inadischarge. The study funded under this project found that the isotope signatures of groundwater,
sanitary sewer water and tap water were significantly different. Thissignature alowed the dischargesto
be identified as having come from groundwater, precipitation or sanitary sewage. For further details of
methods and findingsrefer to the paper “ Identification of Illicit Connectionsin Storm Sewers. An Innovative
Approach Using Stable Isotopes,” by Suresh Sangal et. al.

Aerial, Infrared and Thermal Photography

Theuseof aerid, infrared and thermal photography to findillicit dischargesisin the experimental phase.
An examination of the aerid photo of astewith aknownillicit discharge revealed thermal conditionsthat
were too similar to other warm conditions to make it distinguishable.

Televising of Sewers

Severd televison tapes of sorm sewerswerereviewed. Thetapesdid not show the characterigtic taining
or debristhat isseen when anillicit discharge hasbeen occurring for sometime. The storm sewer televised
wasnewly constructed ayear ago. Thefailureto observe sewage debrisor detect an odor during thefield
work aso helped support that there was no illicit discharge occurring when the sawer was being televised.

Results of One Detailed Investigation
A storm sewer relief drain wasinvestigated to locate apollution source. This11 foot diameter orm sewer
had been under suspicion for severd years. In 1997, samplesfrom manholes were taken upstream from



the discharge point of the sewer. These samplesweretaken fromthe main pipe of thesewer andin laterds
that connected to the sewer. One of thelateralsthat connectsto the sewer had E. coli results of 8160 per
100 mL of sample. A confirmation sampleafew days|ater showed 9600 E. coli. Whentheresultswere
found at that level, additional sampleswere taken 5 days after the confirmed sample (9600) had been
taken. The sample results going upstream in the storm sewer where the 8160 and the 9600 E.coli were
found were: 12,560, 24,000, 160,000 and 9600 per 100 mL. These resultsindicate an increase and then
adecrease as you move upstream. The manhole where the 160,000 result wasthe* hot spot.” Figure 2
shows a representation of the sewer and the test results.

The resultswere shared with the city which had the sewer televised. Thetelevision tapesdid not show any
suspicious connections. Plans were made to begin dye testing the homes next to the sorm sewer. Before
beginning the process of dyetesting, asamplewastaken to show current information. Theresultsof that
sampleindicated lessthan 8 E. coli per 100 mL. inthesample. After discussonwiththecity, it wasagreed
to postpone the dye testing and instead inform the residents of the results of the sampling on their Street.
Atthispoint it wasfelt that the high E. coli may have been dueto dumping of wasteinto thesewer. A letter
was prepared to ask residentsto inform the city or county personnel of anything they may have knowledge
about which would haveresulted in the high E. coli counts. Asaresult of thisinvestigation, dry weather
sampling continues on a monthly basis at this location.

Other findings have included:

» Theprioritization method for businesseswassuccessful inlocatingillicit connections; it wasnot hel pful
in locating illicit discharges of E.cali.

» Therewasno definite correlation to date between field tests for ammonia, anionic surfactants (atest
to detect detergents) and E.coli.

* Projections have been made of illicit connections for the Rouge Watershed based on these findings.
Theestimated number of potentid illicit connectionsintheentirewatershedis5260. It isestimated that
51 million gallons of liquid would be discharged from these illicit connections. (Boerma, 1997)

» Eighteen percent (77) of the residences contacted indicated that they did not have an OSDS. They
indicated that they were connected to the sewer. In most cases, the municipality had no record of the
sewer connection and were not charging them.

CONCLUSION

Future areas to be checked will be devel oped based on complaints, areview of manhole and outfall
samplingto determine contri buting conveyances, and instream/in-sewer sampling tolocalizethe sources.
Results of the manhole sampling have found several that haveE. coli results over 10,000 per 100 mL.
Utilizing the Rouge Project GIS, maps have been prepared for tracking sampling of manholesand outfals,
and other datatoillustrate results, and to hel p prioritize further investigations. Thesewill behelpful in
showing municipalities the areas that need to be investigated.

Thefuture direction of illicit connection/dischargesisto have each community in the Rouge Watershed
commit to actively exploringillicit connections/discharges within their community. Grants and assistance
from county agencies are availablefor communities. Aspart of an application for ageneral storm water



permit from the State of Michigan under the NPDES program, acommunity isrequired to develop anlllicit
Discharge Elimination Plan. The Rouge Project is assisting communities in the preparation of these
goplications. Elementsof thelllicit Discharge Elimination Plan that are recommended to beincluded are:
alegd bassfor the program, how problem areaswill beidentified, how the sourceswill be pinpointed, and
how to achieve correction and evaluation and reporting. Figure 3 was developed to describe these
elementsto communities and suggest optionsfor themto consider. Education isvery important when
developing anillicit discharge elimination plan. Referenceis made to education development in the boxes
below each element.

On-site sewage disposal systems contribute to surface water pollution. With over 18,000 of thesein the
watershed and averagefailurerates between 17 and 39 percent, there are a substantial number impacting
surfacewater. Using a20 percent failurerate, therewould be 3600 OSDSfailing in thewatershed. Two
hundred gallons (200) per day per OSDS would result in 720,000 gallons per day of sewage being
discharged to the ground surface or directly to surface water each day. The discharge of thiswaste can
be prevented if thereis regular inspection and maintenance of OSDS.

Theliquid waste discharged fromiillicit dischargesis estimated to be 51 million galons per year. Thisisa
significant amount. This waste includes human waste, oil, grease, detergents, chemical and solids.
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Figurel
Typesof Violations - Rouge River
October 1987 - March 1998
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Figure2
E. coli Results June 11-18, 1997
Farmington Relief Sewer




Figure3

Eliminating Illicit Discharges

Develop aLegal Basis for
Your lllicit Connection
Program

Create or amend a Local Ordinance. Use State
and Federal Laws such as the Clean Water Act.

Educate the Community, Elected Officials, and Decision
Makers through Newspapers and Public Meetings.

Program Evauation
& Reporting

Annual Summary Report
Implement facilies Certification
Program

Statistics

Send annual reports to MDEQ and Weatershed
Goups. Had public meetings to informthe
community of the report's contents.

Locate Problem Areas
Options
Complaints
Visual Screening
Point of Sale for
Residential/Commercial
10% Saeening of all
Quifalls/Manholes
Aerial Photos

Review available weter
quality data

Educate Municipal Employees through Training
Programs. Hold meetings with Environmental
QOganizations and Lending Institutions

Finpoint the
Source
Options

Use Test Kits to Trace
Contamination Upstreamto
the Source

OnSite Sewage System
Evaluations

Property Certification

TV Equpmentin - Sewers
Dye Test’'Smoke Test
Perform Environmental Audi

Gain support for locating sources by
educating the public with
announcements and flyers. Make dir
contact with industry: Septic Tank
Ceaners, Sewer Installers, and
Plumbers.

Remove/Correct lllicit Connection
Natice to Property Oaner, usually with recommendation

Falloarup to see if corrected
Legal/Enforcement/Correction

Wark directly with property owners and legal staff, communicating through

letters and legal notifications.
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