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Much of the information in this manual is drawn from guidance given in the Center for
Watershed Protection’s October 2004 publication, “Illicit Discharge Detection and Elimination:
A Guidance Manual for Program Development and Technical Assessments,” which is available
online at: www.cwp.org. Unless otherwise noted, the source for all figures is the Center’s
manual.
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1 Background and Purpose
The City of Clarksville is required by TDEC to comply with the NPDES Storm water Phase II
rule. Phase I was initiated in 1990 and addressed storm water runoff from “medium” and “large”
Municipal Separate Storm Sewer Systems (MS4s) generally serving populations of 100,000 or
greater, construction activity that would disturb five acres or more of land, and 10 categories of
industrial activity. To further reduce the adverse effects of storm water runoff, EPA instituted its
Storm Water Phase II Final Rule in December 1999, with an effective date of March 10, 2003.
Phase II regulates discharges from small MS4s and construction activities that would disturb
between one and five acres of land.
To obtain coverage under the NPDES Phase II permit, the City of Clarksville, had to submit a
Notice of Intent for coverage under TDEC’s Phase II permit. The City’s NOI addressed the
Storm water following six minimum control measures:







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

As part of its application for permit coverage, the City of Clarksville identified the best
management practices it will use to comply with each of the six minimum control measures and
the measurable goals is has set for each measure. This manual addresses the implementation of
the illicit discharge detection and elimination (IDDE) program.

City of Clarksville
Illicit Discharge Detection and Elimination Manual
(Insert date)

Page 2

2 Illicit Discharge Basics
2.1 What is an illicit discharge?
The term “illicit discharge” is defined in EPA’s Phase II storm water regulations as “any
discharge to a municipal separate storm sewer that is not composed entirely of storm water,
except discharges pursuant to an NPDES permit and discharges resulting from fire-fighting
activities.” Illicit discharges are often characterized by measurable flow from storm drains
during dry weather, containing pollutants and /or pathogens (Center for Watershed Protection).
Flows from storm drains that do not contain pollutants are simply storm water flows.
The City’s storm water ordinance contains an illicit discharge section that aligns with the TDEC
and EPA definitions for illicit discharges, as follows:
Illicit Discharges. Except as otherwise provided in this section, all non-storm water
discharges into public or private storm water drainage systems are prohibited.
Allowable Discharges. Unless identified by the Director of Streets as a source of
pollution, the following non-storm water discharges into public or private storm water
drainage systems are permitted:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.
n.
o.
p.
q.
r.
s.
t.

water line flushing;
landscape irrigation;
diverted stream flows permitted by the State of Tennessee;
rising ground waters;
uncontaminated ground water infiltration as defined at 40 CFR 35.2005(20);
uncontaminated pumped ground water;
discharges from potable water sources;
foundation drains;
air conditioning condensate;
irrigation water;
springs;
water from crawl space pumps;
footing drains;
lawn watering;
individual residential car washing;
flows from riparian habitats and wetlands;
dechlorinated swimming pool discharges;
street wash waters resulting from normal street cleaning operations;
discharges or flows from emergency fire fighting activities;
discharges pursuant to a valid and effective NPDES permit issued by the State of
Tennessee; and
u. other discharges as determined by the Director of Streets and documented in the
Storm Water Management Manual.
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Each illicit discharge has a unique frequency with which it occurs, composition, and mode of
entry in the storm drain system. Discharges are frequently caused when a sewage disposal
system malfunctions and mixes with the storm drain system in areas that have separate sewer
systems. A number of different monitoring techniques can be used to locate and eliminate illegal
sewage connections. These techniques trace sewage flows from the stream or outfall, and go
back up into the system through pipes or conveyances to reach the problem connection. Illicit
discharges of other pollutants are produced from specific source areas and operations known as
“generating sites.” Knowledge about these generating sites can be helpful in locating and
preventing non-sewage illicit discharges. Depending on the regulatory status of specific
“generating sites,” education, enforcement, and other pollution prevention techniques can be
used to manage this class of illicit discharges.

2.1.1 Categories of Illicit discharges
Illicit discharges can be categorized in several ways: discharge frequency, discharge flow types,
and mode of entry into the storm sewer system.

Frequency
The frequency of dry weather discharges in storm drains is important, and can be classified as
continuous, intermittent or transitory. Continuous discharges occur most or all of the time, are
usually the easiest to detect, and typically produce the greatest pollutant load. Intermittent
discharges occur over a shorter period of time (e.g., a few hours per day or a few days per year).
Because they are infrequent, intermittent discharges are hard to detect, but can still represent a
serious water quality problem, depending on the type of pollutants they contain. Transitory
discharges occur rarely, usually in as a result of an event such as an industrial spill, ruptured
tank, sewer break, transport accident, or illegal dumping episode. These discharges are extremely
hard to detect with routine monitoring, but under the right conditions, can exert severe water
quality problems on downstream receiving waters. Transitory discharges are most frequently
found after-the-fact through complaints or through inspections performed for other programs.

Discharge Flow Type

Figure 1. Illicit Discharge: Dry Weather Flow with Unusual Color
(Source: Town of Chapel Hill, NC)
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Dry weather discharges are composed of
one or more possible flow types, some of
which may be considered illicit discharges,
others may provide a transport mechanism
for illicit discharges:
 Sewage flows are produced from
sewer pipes and septic systems.
 Washwater flows are generated
from a wide variety of activities
and
operations,
including
discharges laundry wash water
from homes, commercial carwash
wastewater,
fleet
washing,
commercial laundry wastewater,
and floor wash water from shop
drains.
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 Liquid wastes refers to a wide variety of flows, such as oil, paint, and process water
(radiator flushing water, plating bath wastewater, etc.) that enter the storm drain system.
 Tap water flows are derived from leaks and losses that occur during the distribution of
drinking water in the water supply system. Tap water discharges in the storm drain
system may be more prevalent in communities with high loss rates (i.e., greater than
15%) in their potable water distribution system. (Source of 15% is from National
Drinking Water Clearinghouse http://www.nesc.wvu.edu/ndwc/articles/OT/FA02/Economics_Water.html)
 Landscape irrigation flows occur when excess potable water used for residential or
commercial irrigation ends up in the storm drain system.
 Groundwater and spring water flows occur when the local water table rises above the
bottom elevation of the storm drain (known as the invert) and enters the storm drain
either through cracks and joints, or where open channels or pipes associated with the
MS4 may intercept seeps and springs.
When you detect dry weather flows, you may need to conduct water quality tests to conclusively
identify flow types found in storm drains. Testing
can distinguish illicit flow types (sewage/septage,
washwater and liquid wastes) from cleaner
discharges (tap water, landscape irrigation and
groundwater). Each flow type has a distinct chemical
fingerprint. The chemical fingerprint for each flow
type can differ regionally, so it is a good idea to
develop a “fingerprint” library by sampling each
flow type locally. Developing this “fingerprint”
library can aid in staff training on illicit discharge
Figure 2 Fish Kill Resulting from Illegal Dumping
detection and can provide historic records of
(Source: Concrete Washout Systems)
pollutant discharges found in the area. More
information about developing this fingerprint is found in Appendix G. In practice, many storm
drain discharges represent a blend of several flow types, particularly at larger outfalls that drain
larger catchments. For example, groundwater flows often dilute sewage thereby masking its
presence. Sections 6 and 7 present techniques that will help you isolate illicit discharges that are
blended with cleaner discharges. Since illicit discharges are often masked by high volumes of
storm water runoff, it can be difficult or impossible to detect them during wet weather periods.

Mode of Entry
Illicit discharges can also be classified based on how they get into the storm drain system, or by
their mode of entry. The mode of entry is either direct or indirect.
Direct Entry
Direct entry into the storm sewer system is from discharges that are directly connected to the
storm sewer system through some type of pipe or drain. These pipes or drains are improperly
connected to the storm sewer in “cross-connections.” Many times, these connections will
produce continuous or intermittent discharges. The three main situations in which cross
connections occur are:
1. Sewage cross-connections: A sewer pipe is connected to the storm drain and produces a
continuous discharge of raw sewage to the storm sewer system.
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2. Straight pipe: A straight pipe is a small diameter pipe that purposely bypasses the
sanitary sewer or septic drain field and produces a discharge of raw sewage into open
channels or streams.
3. Industrial and commercial cross-connections: A drainpipe is improperly connected to
the storm drain system and produces a discharge of raw wash water, process water, or
other unclean discharge. A common example is a shop drain that is connected to the
storm sewer system rather than the sanitary sewer system.
4. Dumping of a liquid into a storm drain: This type of discharge is usually an
intermittent discharge and occurs when people or businesses improperly dispose of rinse
water, wash water or liquid wastes such as automotive fluids, oil, grease, or solvents.
Examples of direct illicit discharges include:
 Sanitary wastewater piping that is directly connected from a home to the storm sewer;
 Materials (e.g., used motor oil) that have been dumped illegally into a storm drain catch
basin;
 A shop floor drain that is connected to the storm sewer;
 A cross-connection between the municipal sewer and storm sewer systems.
Indirect Entry
Indirect entry into the storm sewer system is from discharges that either enter storm drain inlets
or infiltrate into joints of storm sewer system pipes. Indirect discharges can occur under a
number of circumstances:
1. Groundwater seepage into the storm drainpipe: Seepage occurs when rainfall is high
over a long period of time. Groundwater seepage by itself is not an illicit discharge.
However, it can mask other discharges such as sanitary sewer discharges by diluting
them.
2. Spills that enter the storm drain system at an inlet: A spill that occurs at an industrial,
commercial or transport-related site, crosses an impervious surface, and then enters a
storm drain is considered an illicit discharge. A common example of this type of
discharge is oil or gasoline that travels across a road or parking lot into an inlet.
3. Outdoor washing activities that create flow to a storm drain inlet: Some outdoor
washing activities do not generate significant flows or pollutant loads and are not
considered illicit discharges. Other outdoor washing activities, such as routine hosing of
outdoor vehicle maintenance or chemical storage areas can produce pollutant loads and
can be considered illicit discharges.
4. Off-target irrigation from landscaping or lawns that reaches the storm drain
system: Over-watering or misdirected sprinklers can produce intermittent discharges that
flow over impervious surfaces into the storm drain. These discharges often can be
harmful since they can contain pollutant loads of nutrients, organic matter, pesticides, or
fertilizers.
Examples of indirect illicit discharges include:
 A damaged sanitary sewer line that is leaking untreated sewage that seeps into a cracked
storm sewer line.
 A failing septic system that is causing surface discharge into a drainage ditch.
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 A leaky fuel tank that continuously releases fuel to a parking area that drains to a catch
basin in the storm drain system.
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3 The Elements of Clarksville’s IDDE Program
Clarksville’s Phase II permit NOI included the following program elements or BMPs related to
the IDDE program:
o Storm drain system mapping, indicating the locations of all outfalls and waters of the
state. The term “outfall” was defined by TDEC as those pipes or ditches that discharge
directly into streams. Clarksville’s storm drain system inventory and outfall map is
located on the City’s GIS. This map will be updated with new information as site
inspections are performed or as new development plans are submitted to the City.
o Regulatory ability to prohibit illicit discharges. The City’s storm water ordinance
contains the regulatory authority to perform inspections on private property to identify
potential illicit discharges or their sources, to require that the discharges “cease and
desist”, and measures that can be taken to ensure compliance with these requirements.
The storm water ordinance can be found in Appendix E of this manual.
o Routine system screening. The City is required to visual screen the storm water system
based upon priority area mapping. Priority areas are defined as those areas that have a
higher potential for illicit discharges, such as older industrial and commercial areas, areas
with known illicit discharges, and sanitary sewer areas with known inflow and infiltration
problems.
o Policies and procedures for inspecting, identifying, and removing illicit discharges. This
manual has been developed to provide detailed procedures for City staff in performing
visual screening, illicit discharge detection, and elimination of those discharges.
o Training. Once these program elements have been developed and implemented, a
number of different people must be trained, including City staff performing IDDE
inspections, City staff performing other types of inspections (so they can identify
potential problems), the general public, and businesses likely to generate illicit
discharges.
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4 Priority Areas
Clarksville is required by its permit to visually screen outfalls based upon priority area maps.
Priority areas are developed based upon an areas risk for containing illicit discharges. The risk is
based upon factors such as age of the storm drain system, land use, age of development, and the
existence of complaints. Priority areas are established through the processes found in Tables 1
and 2 below.
Table 1 Steps for Prioritizing Drainage Areas

Action

Steps

Establish drainage basins:

Exclude CSO Areas
Identify outfalls on maps
Develop drainage basins for each outfall
Map Areas of Older Development (>25 years)

Identify risks in a drainage
basin:

Prioritize drainage basins:
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Map Areas on Septic Systems
Map Commercial Areas: dry cleaners, small business
auto repair shops, restaurants, known unpermitted
carwashes
Map Industrial Areas including concrete plants
Map Known Complaint areas
For each DA enter weights in Table 2 for elements
that are present as follows:
1 Add “3” when at least 20% of the drainage area
is made up of developments at least 25 years
old
2 Add “1” when at least 20% of the drainage area
is served by septic systems
3 Add “1” when at least 20% of the drainage area
is made up of commercial land uses: dry
cleaners, small business auto repair shops,
restaurants, known unpermitted carwashes
4 Add “2” when the drainage area contains at
least 20% industrial land uses, such as concrete
plants
5 Add “5” for areas with known complaints
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Table 2 Drainage Area Prioritization

Action

DA1 DA2 DA3 DA4 DA5 DA6 DA7 DA8 DA9

For each Area assign weights for each element that is present:
Add 3
When at least
20% of
developments in
DA are at least
25 years old
Add 1
When at least
20% of the DA
is served by
septic systems
Add 1
When the DA
contains at least
20% commercial
Add 2
When DA
contains at least
20% industrial
land uses
Add 5
For complaint
areas
Total Score
The total score for each drainage area or mapped area will determine its priority for screening.
Drainage areas with higher scores have more or greater risk factors for illicit discharges.
Therefore, areas with higher scores are given a higher priority for screening.
Each drainage area should be assigned a unique number or identifier to aid in tracking the
screening activities (see Section 5).
Once these drainage basins and priority areas have been developed, the City will maintain them
as a layer on its GIS. As the City’s illicit discharge program develops, priority area maps will
need to be revisited to include new illicit discharge risk parameters that have been identified
through screening and detection activities.
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5 Field Screening Procedure
During each permit year, Clarksville is required to develop priority screening maps and visually
screen those areas. Field crews will go out to the identified City outfalls and check for signs of
illicit discharges. The screening will serve two purposes: field personnel will gather more
detailed information on each outfall - and thereby collect vital information on the condition of
the City’s storm water system - and they will assess each outfall for evidence of illicit
discharges. The illicit discharge screening procedure or outfall inventory, is described in this
section. In the first permit cycle, detailed information must be gathered about outfalls. In
subsequent permit cycles, it will not be necessary to gather this information again. Field
personnel will only need to record updates to the inventory, such as new or changed outfalls, as
they conduct field screening.
5.1 Field Screening Procedure: Outfall Inventory
The particular type of field screening methodology you will use is called an Outfall Inventory.
The outfall inventory is a stream walk whose focus is to gather information about outfalls
(including: materials, measurements, and shape) and to make an identification of any illicit
discharges or signs of illicit discharges. You will likely see new outfalls and learn new
information every time you conduct the outfall inventory. It may take up to three stream walks to
identify and catalog all of the outfalls.
Times to Conduct Outfall Inventory
Certain times of the year and rainfall conditions are better than others for the outfall inventory.
Seasons of high vegetation and times when the groundwater level is high are not good conditions
for an inventory. Vegetation can make it hard to identify outfalls. During times of high
groundwater, illicit discharges may go undetected since groundwater dilutes and masks
discharges, distorting sampling test results. Thus, fall is the best time of the year to conduct an
inventory. Fieldwork should be conducted in September through November if possible, when
rainfall amounts are low, groundwater levels are low, and vegetation much of the vegetation has
fallen. Fieldwork should be conducted at least 48-hours after a run-off producing event.
Equipment Needed
A checklist of equipment you will need as you go out in the field to screen for illicit discharges is
found in Appendix B. This section explains the significance of the required equipment.

Safety First
Field screening activities will require a crew to walk in and along streams, on
private property, along unstable stream banks, through brush and rubble, down
steep banks, and around traffic. Because of the potential hazards associated
with screening, a field crew should be made up of two individuals for safety
purposes. Safety should be considered by each crew member before beginning screening, and
the following safety equipment should be included with field equipment:
o Orange safety vests for each field crew member
o Potable water
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o
o
o
o
o
o

Flashlights
Machete or other tool for clearing brush
Mace (for the occasional dog)
First aid kit
Work boots
Inspect repellant

A field crew should stay in sight of each other at all times or within voice contact. If situations
are encountered that appear to be too dangerous to investigate without specialized equipment,
these areas should be noted on maps and revisited later when the crew can bring along the
appropriate gear.

Field Maps
Field maps will assist the field crew in orientation, navigation, and recording findings. These
maps do not have to be detailed, but at a minimum they should show streets and hydrologic
features (USGS blue lines, wetlands, lakes, ponds, sinkholes). Maps could include other helpful
landmarks such as land use, property boundaries, and storm drain infrastructure. Basic street
maps, USGS Quad sheets, or aerial photographs may be helpful supplemental maps to carry with
you.
Digital maps can be downloaded onto handheld pc’s or onto laptops to transport into the field.
Maps on handheld pc’s or laptops can include layers that can be turned off or on to show as
much information as is necessary to identify outfalls and to track sources when illicit discharges
are detected. Property data can be included with the digital information, as well as the storm
water inventory information that is already available from the City.

Field Data Sheets
Field data sheets are used to describe what the field crew finds while conducting the inventory.
The data that is recorded will help build the foundation for tracking outfall screening and illicit
discharges. Field data sheets can be downloaded on pocket pc’s or laptops and completed in the
field. These data sheets can be georeferenced and added to the City’s GIS, if desired.
To facilitate inspections on private property, crews should also carry an authorization letter with
City contact information for conducting the stream walk on portions of private property as well
as emergency phone numbers for reporting water quality problems, such as leaks, spills, and
illicit discharges, from the field.
Field data or Outfall Inventory sheets, contact information sheets, and an authorization letter
template are found in Appendix C.

Field, Inventory, and Sampling Equipment
Crews should have the following equipment for the stream walk:
 Backpack
 Camera (digital preferred)
 Cell phone or hand-held radio
 Clipboards and pencils
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Field sheets (see Appendix C)
Field maps (see Appendix A-or as modified)
GPS unit (accurate to within 10 feet)
Sampling equipment (probes and reagents)
Spray paint or other marker
Surgical gloves
Tape Measure
Temperature probe
Waders
Watch with second hand
Wide-mouth container to measure flows

5.1.1 Survey Procedure
Survey crews need to walk all streams and channels in an identified priority area, marking
outfalls with a permanent mark, and recording information about them. Information that will be
recorded includes: the spatial location (using a GPS unit), a photograph, dimensions, shape,
material, and dry weather flow information. Information for each outfall is to be recorded on a
separate field data sheet or Outfall Inventory Field Sheet (see Appendix C).
The following section steps through the survey process, possible findings, and procedures.

Survey Outfalls
Which outfalls do I survey?
All outfalls encountered should be recorded on Outfall Inventory sheets because smaller pipes
make up the majority of outfalls and frequently have illicit discharges (CWP quoting Pitt et al.,
1993 and Lalor, 1994). The only outfalls that should be omitted are ones you can say for sure
would not contribute to a transitory discharge. See Table 3 for a list of outfalls to include and
outfalls to skip in the screening process. Some common types of outfalls you might encounter are
pictured in Figure 3. Instructions on assigning identifiers and marking outfalls are found on page
16, below.
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Table 3 Outfalls to Include or Omit in Screening

Outfalls to Include in the Screening


Outfalls to Record
Both large and small diameter pipes that appear to
be part of the storm drain infrastructure

Outfalls to Skip



Outfalls that appear to be piped headwater
streams



Drop inlets from roads in culverts (unless
evidence of illegal dumping, dumpster leaks, etc.)



Field connections to culverts



Cross-drainage culverts in transportation right-ofway (i.e, can see daylight at other end)



Submerged or partially submerged outfalls



Weep holes



Outfalls that are blocked with debris or sediment
deposits
Pipes that appear to be outfalls from storm water
treatment practices
Small diameter ductile iron pipes



Flexible HDPE pipes that are known to serve as
slope drains
Pipes that are clearly connected to roof
downspouts via above-ground connections







Pipes that appear to only drain roof downspouts
but that are subsurface, preventing definitive
confirmation

What if I see an obvious discharge at an outfall during the Outfall Inventory?
At times, you might find a discharge while you are conducting the Outfall Inventory that has an
unusual smell, color, high turbidity, or floatables. If you do, you should:
 Stop the inventory
 Take steps to find and stop the discharge immediately (see Section 6)
 Photograph the flow, estimate flow volume, and collect a sample for analysis if possible.
Documentation of illicit discharges is very important for enforcement purposes.
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Figure 3 Types of Outfalls
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How do I record information about outfalls on the Outfall Inventory Sheet?
For each outfall, fill out each section of the Outfall Inventory Field Sheet. The sections on the
field sheet are as follows:
Outfall Inventory Section 1. Background Information:
(insert pictures of each part of the field sheets here. As in the cwp manual?)
The background information helps provide an accurate record about the outfalls and the
conditions under which they were inventoried. Photograph the outfall and mark it with its
unique drainage areas identifier and outfall number. Fill out the time of day, GPS coordinates,
field crew member names, current and past weather conditions, photo numbers, land use in
drainage area, and other notes (such as where the outfall originates if known).
Outfall Identification Numbering System:
Outfall Inventory Section 2: Outfall Description:
The purpose of this section is to confirm or supplement the accuracy of existing information
about the drainage system and to begin to characterize any flows. Fill out the location, material,
shape, dimensions, and whether or not there is any flow. Figure 7 shows examples of
submergence and rates of flow. If there is no flow, skip Sections 3 and 4, and go straight to
Section 5.
Outfall Inventory Section 3: Quantitative Characterization for Flowing Outfalls:
Fill out basic information about the flow in this section including, volume, time to fill, flow
depth, flow width, temperature, pH, and ammonia.
The rate of flow can be measures using one of two techniques, discussed below:
o The first technique simply records the time it
takes to fill a container of a known volume, such as a
one-gallon sample bottle. To use the flow volume
technique, it may be necessary to use a “homemade”
container to capture flow, such as a cut out plastic
milk container that is marked to show a one-halfgallon volume. The shape and flexibility of plastic
containers allows crews to capture relatively flat and
shallow flow (Figure 4). The flow volume is
determined as the volume of flow captured in the
container per unit of time.
Figure 4 Measuring Flow with Container of
Known Volume
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o In the second technique, the crew measures the
velocity of flow, and multiplies it by the estimated
cross sectional area of the flow. This technique
measures flow rate based on velocity and cross
sectional area, and is preferred for larger discharges
where containers are too small to effectively capture
the flow (Figure 5). The crew measures and marks off
a fixed flow length (usually about five feet), crumbles
leaves or other light material, and drops them into the
discharge (crews can also carry peanuts or ping pong
balls to use). The crew then measures the time it takes
the marker to travel across the length. The velocity of
flow is computed as the length of the flow path (in
feet) divided by the travel time (in seconds). Next, the
cross-sectional flow area is measured by taking
multiple readings of the depth and width of flow.
Lastly, cross-sectional area (in square feet) is
multiplied by flow velocity (feet/second) to calculate
the flow rate (in cubic feet/second) (CWP, 2004).
Outfall Inventory Section 4: Physical Indicators for Flowing
Outfalls Only:
When you find an outfall with flow, there are several
indicators of severe or obvious illicit discharges that you can
detect without the use of instruments. These are called
sensory indicators. You won’t be able to detect every illicit
discharge through sensory indicators, but it is a good first step
in identifying the discharge. The four sensory indicators are
Figure 5 Measuring Flow Using Velocity and
odor, color, turbidity, and floatables, and they can occur in
Cross sectional Area
varying levels of severity. Fill out physical indicators for flow
and their severity and record them in Section 4 of the Outfall Inventory Sheet.
Odor- Section 4 asks for a description of any odors
that coming from the outfall and an associated
severity score. Since noses have different
sensitivities, the field crew should reach consensus
about whether an odor is present and how severe it
is. A severity score of one means that the odor is
faint or the crew cannot agree on its presence or
origin. A score of two indicates a moderate odor
within the pipe. A score of three is assigned if the
odor is so strong that the crew smells it a
considerable distance away from the outfall. Note:
Figure 6 Using a Sample Bottle to Examine Color
Odors may come from trees, shrubs, trash, carrion, and Turbidity
the paint used to mark the outfall, or other sources
near the outfall. Make sure that the odor actually comes from the outfall.
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Figure 7 Examples of Flow and Submergence at Outfalls

Color- Discharges that are colored may indicate illicit discharges. In particular, colored flows
can indicate industrial discharges. The intensity of the color may be clear, slightly tinted or
intense, as recorded on your field sheet. The best way to measure color is to collect the flow in a
clear container or sample bottle and hold it up to the light (Figure 6). Be sure
Keep in mind
to check downstream for any plumes of colored flow that might be that false
associated with the outfall. Some common colors you might encounter and negatives can
possible sources of the discharge are shown in Figure 8.
occur. A false
Turbidity- Turbidity is a measure of the cloudiness of the water. Like color,
turbidity is best observed in a clear sample bottle, and can be quantitatively
measured using field probes. Crews should also look for turbidity in the
plunge pool below the outfall, and note any downstream turbidity plumes
that appear to be related to the outfall. Field crews can sometimes confuse
turbidity with color, which are related but are not the same. Remember,
turbidity is measure of how easily light can penetrate through the sample
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negative is when
an illicit
discharge exists
but the absence
of a certain
parameter makes
you think there
is no illicit
discharge.
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bottle, whereas color is defined by the tint or intensity of the color observed. Figure 8 provides
some examples of how to distinguish turbidity from color, and how to rank its relative severity.

Figure 8 Interpreting Color and Turbidity

Floatables- The last sensory indicator is the presence of any floatable materials in the discharge
or the plunge pool below. Sewage, oil sheen, and suds are all examples of floatable indicators;
trash and debris are generally not considered floatables in the context of an outfall inventory.
Some guidelines for ranking their severity are provided in Figure 8, and described below. If you
think the floatable is sewage, you should automatically assign it a severity score of three, since
no other source looks quite like it. Surface oil sheens are ranked based on their thickness and
coverage. In some cases, surface sheens may not be related to oil discharges, but instead are
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created by in-stream processes, as shown in Figure 10. A thick or swirling sheen associated with
a petroleum-like odor is likely an indicator of an oil discharge.
Suds are rated based on their foaminess and staying power (Figure 9). A severity score of three is
given for thick foam that travels many feet before breaking up. Suds that break up quickly may
simply reflect water turbulence and do not necessarily indicate an illicit origin. Indeed, some
streams have naturally occurring foams due to the decay of organic matter. On the other hand,
suds that are accompanied by a strong organic or sewage-like odor may indicate a sanitary sewer
leak or connection. If the suds have a fragrant odor, they may indicate the presence of laundry
water or similar wash waters.

Figure 9 Examples and Severity of Suds

Figure 10 Naturally Occurring versus Oil Sheen

Outfall Inventory Section 5: Physical Indicators for Both Flowing and Non-flowing Outfalls:
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At both flowing and non-falls, some characteristics might indicate damage from past illicit
discharges. These characteristics include: deposits, stains, abnormal vegetation growth, poor
stream pool quality, or benthic growth on pipe surfaces. Examples of these indicators are found
in Figures 11 and 12. Sometimes these indicators are subtle, hard to interpret, or are not caused
by illicit discharges, but by something else. However, they provide strong evidence of the
outfall’s past discharges, especially in combination with other evidence. Fill out evidence of
outfall damage, deposits and stains, abnormal growth, poor stream pool quality, and benthic
growth.

Figure 11 Benthic and Other Biotic Indicators of Illicit Discharges
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Figure 12 Characteristics Found at Both Flowing and Non-Flowing Outfalls

Outfall Inventory Sections 6 through 8: Outfall designations and recommended actions:
In sections 6 through 8, you will designate the severity of the outfall discharge or discharge
potential and recommend follow up actions for the outfall based on the information gathered in
the earlier sections of the field sheet.
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6 Isolating and Fixing Illicit Discharges
Once you find through the screening process or through a complaint that there is an illicit
discharge present, there are four basic tools for finding and isolating illicit discharges:
 Drainage area investigations
 Trunk investigations
 On-site discharge investigations
 Correction and enforcement
This section covers drainage area investigations, trunk investigations, on-site discharge
investigations, and correction and enforcement in detail. These tools can be used to follow up on
potential illicit discharges found during the screening process or to follow up on complaints that
are called in to the City.
When you find an illicit discharge, you should take the following steps:
Step 1: Fill out the Outfall Inventory form, if one has not been completed (see pages 16-22 for
information on completing this form).
Step 2: Identify the source of the discharge as quickly as possible, in order to minimize
detrimental effects on water quality. Employ one of the investigation techniques named above.
Each technique has advantages and disadvantages. Choose the most appropriate type of
investigation and method for investigation. Document the results of your investigation as you
go, since documentation will help in future screenings and is invaluable for enforcement
actions, should they be necessary. Sheets for documenting the investigation are found in
Appendix D. Section 6.1 provides an overview of investigation techniques listed above.
Step 3: Isolate the discharge. The investigation techniques will lead to the source of the
discharge.
Step 4: Identify the property owner or discharger and remove the discharge.
provides guidance on removing and preventing future discharges.
6.1

Section 6.2

Investigation Techniques

Storm drain network investigations
A storm drain network investigation isolates the discharge to a single segment of the storm water
system. To conduct the investigation, start at the outfall and explore upgradient through the
network. The City’s storm water inventory should be used to identify structures. However,
while the inventory provides information on the system connectivity, it does not provide
information on flow direction. There are three options for how to work through the network:
 Work upwards from the outfall and test manholes as you work up the system
 Split the trunk into equal segments and test manholes strategically within the segments
(rather than testing every manhole)
 Work down the trunk towards the outfall, testing manholes along the way.
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Note: You should begin working upwards from the outfall, testing manholes, right away if you
detect an illicit discharge, using your
storm drain system field map.
However, it takes more preparation
and the use of the City’s storm water
system inventory data to split the
trunk and figure out which manholes
are the best options for sampling. It
takes even more knowledge of the
storm water system and more
planning to start at the top and work
downwards towards the manhole.
Therefore, for discharges identified
during the screening process, you will
most often work upwards from the
outfall, Option 1, and for discharge
investigations performed in response
to a called in complaint, you will Figure 13 Process for Option 1: Move up the Trunk
likely use the storm water system inventory to isolate the potentially affected trunk, Option 2.
Investigation Option 1: Move up the Trunk
When to Use Option 1:
Move up the trunk when there are illicit discharge problems in relatively small drainage areas
and the storm water system inventory is not available or does not include information on the
outfall.
Process for Option 1:
Start with the manhole closest to the outfall, and move up the network, inspecting manholes until
indicators reveal that the discharge is no longer present (Figure 12). The goal is to isolate the
discharge between two storm drain manholes.
Investigation Option 2: Split the Trunk
When to use Option 2:
Split the trunk when the illicit discharge problem is in a large and/or complex drainage area,
since it can limit the total number of manholes to inspect, and it can help the crew avoid
investigations in locations where access and traffic are problematic. This option should be used
when the City’s storm water system inventory can be consulted for better accuracy in detecting
system connectivity.
Process for Option 2:
Field crews select strategic manholes at junctions in the storm drain network to isolate
discharges. The method for splitting the trunk is as follows:
1. Review a map of the storm drain network leading to the suspect outfall.
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2. Identify major contributing branches to the trunk. The trunk is defined as the largest
diameter pipe in the storm drain network that leads directly to the outfall. The “branches”
are networks of smaller pipes that contribute to the trunk.
3. Identify manholes to inspect at the farthest downstream node of each contributing branch
and one immediately upstream (Figures 13 and 14).
4. Working up the network, investigate manholes on each contributing branch and trunk,
until the source is narrowed to a specific section of the trunk or contributing branch.
5. Once the discharge is narrowed to a specific section of trunk, select the appropriate onsite investigation method to trace the exact source.

Figure 14 Identify Key Sampling Points Along the Storm Drain Trunk
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Investigation Option 3: Move Down the Trunk
When to use Option 3:
This approach works best in very large
drainage areas that have many potential
continuous and/or intermittent discharges.
Process for Option 3:
Field crews start by inspecting manholes at the
“headwaters” of the storm drain network and
progressively move down the pipe. Field crews
certify that each upstream branch of the storm
drain network has no contributing discharges
before moving down pipe to a “junction
manhole” (Figure 14). If dry weather flows are
found, the crew performs dye testing to
pinpoint the discharge. The crew then confirms
that the discharge is removed before moving
farther down the pipe network. Figure 15
presents a detailed flow chart that describes
this option for analyzing the storm drain
network.
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Figure 16 Detailed Method for Tracing Discharges Down the Storm Drain System (Source: Jewell, 2001)

6.2

Isolating the discharge

After one of the above investigation options is chosen, there are several methods for isolating the
source of the discharge:
 Manhole Inspections: Visual inspection and Indicator sampling
 Sandbagging or damming the trunk
 Optical Brightener Monitoring (OBM) Traps
 Dye testing
 Smoke testing
 Video testing
These methods are described in more detail below.
Isolation Method 1: Manhole Inspections—Visual Inspections and Indicator Sampling
In order to characterize any discharge you might observe, it is necessary to conduct visual
inspections, indicator sampling or both. Some special field equipment is needed for sampling and
general safety procedures should be observed.
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Visual observations are used to observe conditions in the manhole and look for any signs of
sewage or dry weather flow. Visual observations work best for obvious illicit discharges that are
not masked by groundwater or other “clean” discharges. Typically, crews progressively inspect
manholes in the storm drain network to look for contaminated flows. Key visual observations
that are made during manhole inspections include:






Presence of flow
Colors
Odors
Floatable materials
Deposits or stains (may show presence of intermittent flows)

For a detailed description of these indicators, refer back to page 16, Indicators for Flowing
Outfalls.
If a dry weather flow is observed, take a sample of the flow. Attach a container to a rope and
lower it into the manhole. Draw the sample up and immediately take a sample of the flow in the
field. When you sample for indicators in manholes, you are looking for a “hit,” where the
sample exceeds a certain benchmark. (see Section 9 for detailed information on Indicator
Sampling). For instance, high concentrations of ammonia indicate a sewage discharge. So, for
example: If you test for ammonia in a flow at one outfall and find that it exceeds a benchmark,
for instance, of 1.0mg/L, then you can assume the presence of ammonia and would proceed to
the next manhole to see whether there is flow and if it registers a hit for ammonia. If so, you
would progress upgradient in the system, following the “trail” on ammonia to the source. You
can isolate the discharge between two manholes when you come a point where a downstream
manhole has a “hit” for ammonia but the upstream manhole does not (the concentration of
ammonia is low). Then you will know that the source of ammonia is between those two
manholes.
Isolation Method 2: Sandbag the Trunk
Sandbag placement is a good technique for isolating intermittent flows. Sandbags are placed in
strategic manholes and they form a temporary dam that collects flow. The flow that collects is
then assessed and/or sampled.
Process for Sandbagging the Trunk:
The process is as follows:
Step 1: Using the storm drain map, find junctions where sandbag placement will help you to
eliminate contributing branches from further consideration (see Figure 16). If no flow
collects behind the sandbag, you will be able to verify that the drainage network upstream
is not the source of the flow.
Step 2: Lower sandbags into the manhole to form a dam along the bottom of the storm drain. Do
not fully block the drain (in case it rains before the sandbag is retrieved.)
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Step 3: After a period of time, come back to the drain to assess any flow that has collected and to
retrieve the sandbag. Follow the procedure for visual observation and indicator sampling
above. Haul the sandbag(s) up through the manhole. Dispose of sandbags properly.
Notes: Do not leave sandbags in place for more than 48 hours. Do not use this technique when
wet weather is forecast. Do not leave sandbags in place during a heavy rainstorm; they
may block the pipe or be washed way and lost.

Figure 17 Sandbag Placement to Isolate Source of Flow (Source: Jewell, 2001 )

Isolation Method 3: Optical Brightener Monitoring (OBM) Traps
OBM Traps can help isolate intermittent discharges by serving as a monitor when field crews are
not physically present. However, they detect only the most polluted discharges.
There are several techniques that can be used but the essential elements are as follows:
Step 1: Use an absorbent, unbleached cotton pad or fabric swatch that is held by a wire mesh trap
or section of small diameter PVC pipe. Anchor the trap to the inside of the outfall using
a wire or rocks.
Step 2: Leave the OBM trap for several days of dry weather.
Step 3: Retrieve the trap or traps and place them under a black light. If a trap fluoresces, it has
been exposed to detergents.
Isolation Method 4: Dye Testing (text from CWP IDDE Manual)
Dye testing is an excellent indicator of illicit connections and is conducted by introducing nontoxic dye into toilets, sinks, shop drains and other plumbing fixtures (Figure 17). The storm
drain system is then observed to determine if the system in question is directly connected to the
storm drain system. The discovery of dye in the storm drain, rather than the sanitary sewer,
conclusively determines that the illicit connection exists.
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Before commencing dye tests, crews should review
the City’s storm water system inventory and sewer
maps to identify lateral sewer connections and how
they can be accessed. In addition, property owners
must be notified to obtain entry permission. At least
two staff are needed to conduct dye tests – one to flush
dye down the plumbing fixtures and one to look for
dye in the downstream system or manhole(s). In some
cases, three staff members may be preferred, with two
staff entering the private residence or building for both
safety and liability purposes. The basic equipment to
conduct dye tests is listed in Table 2 and is not highly Figure 18 Pouring Dye into a Utility Sink Drain
specialized. Often, the key choice is the type of dye to
use for testing. Several options are profiled in Table 3. In most cases, liquid dye is used, although
solid dye tablets can also be placed in a mesh bag and lowered into the manhole on a rope
(Figure18). If a longer pipe network is being tested, or septic systems are being tested and dye is
not expected to appear for several hours (or days in the case of septic systems), charcoal packets
can be used to detect the dye (GCHD, 2002). Instructions for using charcoal packets in dye
testing are found on page 32,following the instructions for dye testing.
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Figure 4 Dye Testing Materials Needed

Key Field Equipment for Dye Testing (Source: Wayne County, MI, 2000)
Maps, Documents:


Sewer and storm drain maps (sufficient detail to locate manholes)





Site plan and building diagram
Letter describing the investigation
Identification (e.g, badge or ID card)
Education materials (to supplement pollution prevention efforts)



List of agencies to contact if the dye discharges to a stream



Name of contact at the facility




Equipment to Find and Lift the Manhole Safely (small manhole often in a lawn)


Probe



Metal detector



Crow bar
Safety equipment (hard hats, eye protection, gloves, safety vests, steel-toed
boots, traffic control equipment, protective clothing, gas monitor



Equipment for Actual Dye Testing and Communications


2-way radio



Dye (liquid or "test strips")



High powered lamps or flashlights



Water hoses
Camera



The steps for dye testing are as follows:
Step 1: Open downstream sanitary sewer manhole(s) to prepare to check for dye.
Step 2: Flush or wash dye down the drain, fixture, or manhole.
Step 3: Check downstream sanitary sewer manholes to see if any dye appears. The time it takes
for dye to appear varies depending several factors including whether there is an oil/water
separator on the drain.
Step 4: If no dye appears, check the downstream storm drain manholes or outfalls for the
presence of dye.
Notes on Dye Testing: TDEC Division of Water Supply Groundwater
Management Section should be notified two weeks prior to conducting a dye test,
in cases where prior notification is possible, if you expect dye could reach a
stream or groundwater, so that the State will know how to answer concerns if a
person sees dye in the stream and notifies the State. If you have a scheduled dye test
fill out the Tennessee Department of Environment and Conservation Dye Trace
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Registration" form (Form CN-1112) found in Appendix H and at
http://www.state.tn.us/environment/permits/dye.php and return it to TDEC. If you find an
illicit discharge and need to conduct a dye trace right away, call your EAC at (615) 6877000 to let the field office know that dye could reach a stream or groundwater so that the
office can address any public concerns.
The steps for using charcoal dye packets in dye tests are as follows:
Step 1: Use prepared charcoal packets and secure them in pipes in manholes down the storm
drain system where you suspect the dye could appear.
Notes: Make sure that the charcoal packets do not come into contact with the dye prior to their
deployment into the storm drain system. Charcoal is very sensitive and even dye powder
dust can yield a detectable level. One field crew member should secure the charcoal
packets while another conducts the dye test to reduce the possibility of contamination.
When charcoal packets from multiple locations are retrieved at the same time, place them
in their own clearly labeled, sealed plastic bags.
Step 2: Leave the charcoal packets for a period of time, even up to several weeks. Depending on
whether you are testing a long storm drain segment or a septic system, you would leave
the packets between several hours and several days or weeks after the dye test
(respectively).
Step 3: Retrieve the charcoal packets. If multiple packets are left in one location, they can be
retrieved at intervals.
Step 4: Test for dye. Rinse the charcoal packet with water to remove any debris. Then, empty
the contents of the packet into a clean glass container. A 5% solution of potassium
hydroxide in 70% isopropyl alcohol is poured into the container to cover the charcoal.
Within seconds, the charcoal will release the dye and turn the solution a green color.
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Dye testing is a fairly straightforward procedure, however some tips are offered in Table 6 that
should make the testing go more smoothly.
Table 5 Choices in Dye Testing

Dye Testing Options
Product




Dye Tablets








Liquid
Concentrate







Dye Strips




Powder




Dye Wax
Cakes
Dye Wax
Donuts







Applications
Compressed powder, useful for releasing dye over time
Less messy than powder form
Easy to handle, no mess, quick dissolve
Flow mapping and tracing in storm and sewer drains
Plumbing system tracing
Septic system analysis
Leak detection
Very concentrated, disperses quickly
Works well in all volumes of flow
Recommended when metering of input is required
Flow mapping and tracing in storm and sewer drains
Plumbing system tracing
Septic system analysis
Leak detection
Similar to liquid but less messy
Can be very messy and must dissolve in liquid to reach full potential
Recommended for very small applications or for very large applications
where liquid is undesirable
Leak detection
Recommended for moderate-sized bodies of water
Flow mapping and tracing in storm and sewer drains
Recommended for moderate-sized bodies of water (lakes, rivers, ponds)
Flow mapping and tracing in storm and sewer drains
Leak detection

Figure 19 (left) Lowering Dye (right) Dye Visible in the Storm Drain
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Table 6 Tips for Dye Testing

Tips for Successful Dye Testing
(Adapted from Tuomari and Thompson, 2002)

Dye Selection
• Green and liquid dyes are the easiest to see.
• Dye test strips can be a good alternative for residential or some commercial
applications. (Liquid can leave a permanent stain).
• Check the sanitary sewer before using dyes to get a “base color.” In some
cases, (e.g., a print shop with a permitted discharge to the sanitary sewer), the
sewage may have an existing color that would mask a dye.
• Choose two dye colors, and alternate between them when testing multiple
fixtures.
Selecting Fixtures to Test
• Check the plumbing plan for the site to isolate fixtures that are separately
connected.
• For industrial facilities, check most floor drains (these are often misdirected).
• For plumbing fixtures, test a representative fixture (e.g., a bathroom sink).
• Test some locations separately (e.g., washing machines and floor drains),
which may be misdirected.
• If conducting dye investigations on multiple floors, start from the basement and
work your way up.
• At all fixtures, make sure to flush with plenty of water to ensure that the dye
moves through the system.
Selecting a Sewer Manhole for Observations
• Pick the closest manhole possible to make observations (typically a sewer
lateral).
• If this is not possible, choose the nearest downstream manhole.
Communications Between Crew Members
• The individual conducting the dye testing calls in to the field person to report
the color dye used, and when it is dropped into the system.
• The field person then calls back when dye is observed in the manhole.
• If dye is not observed (e.g., after two separate flushes have occurred), dye
testing is halted until the dye appears.
Locating Missing Dye
• The investigation is not complete until the dye is found. Some reasons for dye
not appearing include:
• The building is actually hooked up to a septic system.
• The sewer line is clogged.
• There is a leak in the sewer line or lateral pipe.

Isolation Method 5: Video Testing
Crews can locate connections that are producing illicit discharges with a video camera that is
guided through the storm drain system. The video camera can locate flows, leaks, cracks, and
damage that allow illicit discharges into the system. This method is best used when it would be
difficult to access properties (as in residential neighborhoods). Video testing is an expensive
option, so it might only be possible if the equipment is already available from some other
department in the City, such as the Sanitary Sewer Utility, which may use video testing in sewer
lines.
(add process here if this is a possible option)
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Method 6: Smoke Testing
This technique works best when the discharge is confined to the upper reaches of the storm drain
network, where pipe diameters are too small for video testing or video testing is not an option
and gaining access to multiple properties renders dye testing infeasible.
Smoke testing works by introducing smoke into
the storm drain system and observing where the
smoke surfaces. The use of smoke testing to
detect illicit discharges is a relatively new
application, although many communities have
used it to check for infiltration and inflow into
their sanitary sewer network. Smoke testing can
find improper connections, or damage to the
storm drain system (Figure 19).
Figure 20 Smoke Testing Reveals Improper Connections or Damage

Considerations that should be addressed prior to smoke testing…

1. Notifying the public about the date and purpose of smoke testing before starting is
critical. The smoke used is non-toxic, but can cause respiratory irritation, which can be a
problem for some residents. Residents should be notified at least two weeks prior to
testing, and should be provided the following information:
a. Date testing will occur
b. Reason for smoke testing
c. Precautions they can take to prevent smoke from entering their homes or
businesses
d. What they need to do if smoke enters their home or business, and any health
concerns associated with the smoke
e. A telephone number that residents can call to relay any particular health concerns
(e.g., chronic respiratory problems)
2. Program managers should also notify local media to get the word out if extensive smoke
sting is planned (e.g., television)
3. To perform the smoke testing:
a. Seal off all legal openings in the storm drain system to prevent smoke from
escaping. Some options for plugging the drains include: 1) sandbags that are
lowered into manholes; 2) beach balls with diameters slightly larger than that of
the manholes that can be lowered in mesh bags (if they get stuck they can simply
be deflated and removed); 3) commercially available expandable plugs.
b. Release smoke and force it through the storm drain system with a blower.
Blowers should be set up next to the open manhole after the smoke is started.
Only one manhole is tested at a time. If smoke candles are used, crews simply
light the candle, place it in a bucket, and lower it into the manhole.
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c. Look for any escaping smoke above-ground. The illicit discharges are where
smoke is seen rising from internal plumbing fixtures (typically reported by
residents) or from sewer vents. Sewer vents extend upward from the sewer lateral
to release gas buildup, and are not supposed to be connected to the storm drain
system.
Drainage Area Investigations
For information on drainage area investigations, see Section 4: Priority Areas.
On-Site Investigations
When the discharge has been isolated to its specific portion of the storm drain, you will need to
perform an investigation of the site to find the source of the discharge. Typically, the on-site
investigation will involve dye-tests of the plumbing system in houses or other buildings. Where
a septic system may be the source of the discharge, tanks and drain fields should be dye tested.
An on-site investigation can serve as an opportunity to ensure that Storm Water Pollution
Prevention Plans at industrial or other sites are being followed. In addition, education efforts
should always be included in this type of investigation. Education materials should be offered to
the owner or operator to explain the City’s illicit discharge program and the steps that can be
taken by the City to eliminate the discharge.
6.3 Removing illicit discharges
Clarksville has the legal authority to find and eliminate illicit discharges (see Appendix E). Once
the source of the illicit discharge has bee identified, the next step is to eliminate the discharge.
The sources of illicit discharges are listed below and will determine how to proceed.
1. An internal plumbing connection (e.g. the discharge from a washing machine is
directed to the building’s storm lateral; the floor drain in a garage is connected to
the building’s storm lateral)
2. A service lateral cross-connection (e.g. the sanitary lateral from a building is
connected to the MS4)
3. An infrastructure failure within the sanitary sewer or MS4 (e.g., a collapsed
sanitary line is discharging into the MS4)
4. An indirect transitory discharge resulting from leaks, spills, or overflows.
There are four important questions that should help you know how to proceed:
Who is responsible for fixing the problem (private owner, City of Clarksville, or
both)?
What methods will be used to repair the problem?
How long with the repair take?
How will removal of the source be confirmed?
A flow chart for correcting illicit discharges is shown in Figure 20.
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Figure 21 Flow Chart for Corrective Action
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Table 7 Methods and Responsibility for Fixing Illicit Discharges

Methods to Fix Illicit Discharges
Type of
Discharge

Source

Break in right-of-way
Commercial or industrial direct connection
Sewage
Residential direct connection
Infrequent discharge (e.g., RV dumping)
Straight pipes/septic
Commercial or industrial direct connection
Residential direct connection
Power wash/car wash (commercial)
Wash water
Commercial wash down
Residential car wash or household
maintenance-related activites
Professional oil change/car maintenance
Heating oil/solvent dumping
Homeowner oil change and other liquid waste
Liquid wastes
disposal (e.g., paint)
Spill (trucking)
Other industrial wastes

Removal Action(s)
Repair by municipality
Enforcement
Enforcement; Incentive or aid
Enforcement; Spill response
Enforcement; Incentive or aid
Enforcement; Incentive or aid
Enforcement; Incentive or aid
Enforcement
Enforcement
Education
Enforcement; Spill response
Enforcement; Spill response
Warning; Education; Fines
Spill response
Enforcement; Spill response

6.3.1 Who is responsible for fixing the problem?
The responsibility for fixing the problem is either the property owners, the City’s or both,
depending on the source of the illicit discharge. Generally, the City can follow its existing storm
water system maintenance policies for maintaining system components on and off private
property.
Internal plumbing connection
The building or property owner is generally responsible for fixing an internal plumbing
connection.
Service lateral cross connection
As with internal plumbing connections, the property owner whose property is served by the
lateral is generally responsible for the repair. However, since the cost of fixing this type of
problem is so high, some communities take the following approach:
Communities can have on-call contractors fix lateral connections allowing the problem to
be fixed as soon as it is discovered. The community can then: 1) pay for correction costs
through the capital budget, or state or federal funding options, or 2) share the cost with
the owner, or 3) pass on the full cost to the property owner.
Infrastructure failure
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Infrastructure failures within the sanitary sewer systems are the responsibility of the City.
Clarksville Gas and Water (add name and contact information) should be contacted for the
correction of this type of problem.
Transitory Discharge
The repair of a transitory discharge should be the responsibility of the property owner where the
illicit discharge originates.

6.3.2 What methods will be used to fix the problem?
Methods for fixing the problem will vary based on the source of the illicit discharge. Internal
plumbing connections can typically be fixed easily at a low cost. Fixing other problems may
require special equipment and expertise. Table 7 shows the typical removal actions for different
types of discharges, while Table 8 shows some techniques for eliminating discharges, along with
a description and estimated costs.
Table 8 Methods for Fixing Discharges

Methods to Eliminate Discharges
Technique
1.

2.

Application

Service Lateral Lateral is connected to the
Disconnection, wrong line
Reconnection
Cleaning
Line is blocked or capacity
diminished

Description

Estimated Cost
1

Lateral is disconnected and
reconnected to appropriate line

$2500

Flushing (sending a high pressure
water jet through the line); pigging
(dragging a large rubber plug through
the lines); or rodding
Existing pipe is removed, new pipe
placed in same alignment; Existing
pipe abandoned in place, replaced by
new pipe in parallel alignment

$1 / linear foot2

For 14” line, $50-$100
/ linear foot (higher
number is associated
with repaving or
deeper excavations, if
necessary)2

3.

Excavation and Line is collapsed, severely
Replacement
blocked, significantly
misaligned, or undersized

4.

Manhole Repair Decrease ponding; prevent
flow of surface water into
manhold; prevent
groundwater infiltration
Corrosion
Improve resistance to
Control Coating corrosion

Raise frame and lid above grade;
install lid inserts; grout, mortar or apply
shortcrete inside the walls; install new
precast manhole.
Spray- or brush-on coating applied to
interior of pipe.

Vary widely, from
$250 to raise a frame
and cover to ~ $2,000 to
replace manhole2
< $10 / linear foot2

6.

Grouting

Seals leaking joints and small cracks.

7.

Pipe Bursting

For a 12” line, ~ $36-$54 /
linear foot2
For 8” pipe, $40-$80 / linear
foot4

8.

Slip Lining

9.

Fold and
Formed Pipe

5.

Seal leaking joints and small
cracks
Line is collapsed, severely
blocked, or undersized

Pipe has numerous cracks,
leaking joints, but is
continuous and not
misaligned
Pipe has numerous cracks,
leaking joints
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Existing pipe used as guide for
inserting expansion head; expansion
head increases area available for new
pipe by pushing existing pipe out
radially until it cracks; bursting device
pulls new pipeline behind it
Pulling of a new pipe through the old
For 12” pipe, $50-$75 /
one.
linear foot2

Similar to sliplining but is easier to
For 8-12” pipe, $60-$78 /
install, uses existing manholes for
linear foot3
insertion; a folded thermoplastic pipe is
pulled into place and rounded to
conform to internal diameter of existing
pipe
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6.3.3 How long should it take?
The timeframe for eliminating a connection or discharge should depend on the type of
connection or discharge and how difficult elimination will be. A discharge that poses a
significant threat to human or environmental health should be discontinued and eliminated
immediately. Clarksville’s policy is that discharges should be stopped within seven days of
notification by the City, and illicit connections should be repaired within 30 days of NOV.

6.3.4 How is the removal or correction confirmed?
The correction and removal of a discharge must be confirmed at the source and downstream of
the source to make sure that the source has been fixed and to ensure that it is the only illicit
discharge in the area. For internal plumbing and lateral connections problems, dye testing can
confirm whether or not the source of the discharge has been removed. In the next manhole
downstream, sandbags can be used to verify that there are no other illicit discharges present (see
Method 5: Sandbagging the Trunk on page 28). For infrastructure failures, use dye testing or
video testing in combination with sandbagging and indicator sampling to verify that the
discharge has been corrected.
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7 Indicator Monitoring and Water Quality Sampling
When you find an illicit discharge, you will use indicator monitoring to confirm that a flow is or
contains an illicit discharge and to give you clues about the possible source of the discharge. In
addition, indicator monitoring can tell you whether water quality has improved after the
implementation of the illicit discharge detection and elimination program. This section describes
how you will take samples for field and lab testing so that you can either confirm an illicit
discharge that you suspect from sensory indicators or identify whether a dry whether flow is or
contains an illicit discharge.
7.1

Sample Collection

Appendix B contains a checklist of the equipment needed to perform collection and sampling.
Indicator sampling should be taken at 1) at outfalls 2) in the stream 3) within the storm drain
network. Usually, samples are collected at outfalls. In-stream monitoring during dry weather
flow conditions can be a good method for detecting severe or high volume discharges, screening
reaches with the greatest potential for discharges, and measuring water quality over time.
However, in-stream sampling is less precise for detecting specific illicit discharges than outfall
monitoring.
In-pipe sampling will be conducted to track down and isolate discharges after you detect them at
outfalls (see Section 6 for information on tracking and isolating discharges).
Samples should be collected during dry weather screening or, in the event of a complaint, at the
time the discharge is identified. Outfall screening should be conducted during the drier months
(August through October) and when it has been at least 48 hours since the last rainfall. In fact, 72
hours without rainfall is even better, but it may not be practical. If you are responding to a water
quality complaint that was called in to the City, investigate and sample the outfall immediately.
The discharge that prompted the complaint could disappear quickly, but the damage to water
quality will have been done.
The time of day that you conduct sampling is also very important. It is best to sample during
times of peak water use: morning and evening.

Sample bottle preparation
Sample bottles should be clear polyethylene plastic bottles. Bottles may only be reused if they
are acid-washed between uses. Some samples need to have a preservative added to them if they
are going to be shipped to a lab for testing, since some sampling indicators are not stable and
break down quickly. After they break down or dissipate, they will not show up in lab tests. See
Table 9 for information about preservation and holding times for samples.

Sample collection technique
The object of this sample collection technique is to avoid contamination or cross-contamination
and prevent you from being exposed to harmful chemicals. Wear un-powdered surgical gloves
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(un-powdered nytrile are recommended). Wash with sanitary wipes after the sample is collected.
Dry weather flows can be shallow. In some cases, you could use a “dipper:” a pole with a plastic
measuring cup attached to the end or you could also use pre-measured, cut-off plastic milk jug to
capture the low-flow. Be sure not to disturb sediment or benthic growth in the pipe while you are
taking the sample. Fill the sample bottle to the top. Do not touch the inside of the lid or the inside
of the bottle. Add any sample preservative that may be needed at the time you collect the sample.
Label the bottle immediately. Ensure that samples stay at 40 degrees F (4 degrees C). On a hot
day, put samples on ice in a cooler immediately or carry “blue ice” in a backpack.

Storage and preservation of samples
If you cannot get samples back to the lab for analysis on the same day, you will need to add
preservatives to the sample. Each indicator has specific preservative requirements as well as a
maximum amount of time that it can be held. Some suppliers and contract labs provide
prepackaged sample bottles that contain required preservatives. Note: When analyzing multiple
parameters and preserving samples, the field crew may need to collect up to four samples at a
site: one preserved with H2SO4, one preserved with HNO3, one sealed new bottle preserved
with Na2SO3 for bacteria, and one unpreserved. The following table shows the indicator
parameters along with required preservatives and hold times
Table 9 Sample Preservation Requirements and Maximum Holding Times

Sample Preservation and Storage Requirements
for Typical Outfall Monitoring Parameters
(Primary Source: APHA, 1998)

Preservation3

Parameter
Ammonia
Boron

H2SO4 to pH<2
Refrigerate to 4°C
HNO3to pH<2

Maximum Hold Time4
7 to 28 days
28 days to 6 months

Chlorine1
Color
Conductivity
2
Detergents – Surfactants
Bacteria (E. coli, Enterococci,
Total Coliform)2
Fluoride
Hardness

Not Applicable
Refrigerate to 4°C
Refrigerate to 4°C
None Required
Na2S2O3 in chlorinated waters
Refrigerate to 4°C

15 minutes
48 hours
28 days
48 hours
6 to 24 hours

None Required
HNO3or H2SO4 to pH<2

28 days
6 months

pH1
Potassium2

Not Applicable
HNO3to pH<2

15 minutes
28 days

Refrigerate to 4°C
24-48 hours
Store in the dark
1. Indicates parameters that should be analyzed in the field.
2. Data for these parameters taken from the National Environmental Methods Index (www.nemi.gov)
3. Many contract labs will provide sample bottles with preservative already added.
4. For parameters with a range, the lower number is recommended by the reference, and the higher number
is the regulatory requirement for sample storage.
Turbidity
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Sample labeling and chain of custody
The purpose of the labeling and chain of custody is to limit the number of errors that occur from
mislabeling, lost samples, improper laboratory analysis, and other miscommunications and
malfunctions. The process for sample labeling and chain of custody is detailed below. Chain of
custody forms are found in Appendix F:
1. Sample labels. As soon as you take the sample, label each sample bottle with the
following information:
a. Outfall ID
b. Type of Sample
c. Name of Sample Collector
d. Date and Time of Collection
e. Date and Time of Preservation
f. Name/Type of Preservative Used (if applicable)
2. Sample seals. Seal the lid of each sample bottle to prevent anyone from tampering with
the samples.
3. Log the Sample. Use the Outfall Inventory sheet to record information about the sample
4. Chain of custody record. The Chain of Custody (COC) record is found in Appendix F.
Samples that will be delivered to the lab together may be recorded on a single sheet.
Among other information, the COC record includes the following elements:
a. Sample analysis request.
b. Sample delivered to laboratory. The COC record has a place for you or a delivery
person to sign that the sample was relinquished.
c. Receipt and logging of sample. The COC record has a section for laboratory
personnel to sign that the sample was received by the laboratory.
5. Disposal. A contract laboratory will usually take responsibility for disposal of any
hazardous reagents according to federal, state, and local regulations.

Quality assurance/control samples
The purpose of quality assurance and quality control is to ensure that sampling results are
accurate. Quality assurance samples serve as a check against biases introduced during sample
collection, or within the laboratory. Quality assurance samples also assess the accuracy of the
analysis method and its consistency for samples collected at the same site.
At least one (1) out of every ten (10) samples that you collect should be a quality
assurance/quality control sample. You may use one of the following quality assurance/quality
control sample types:
Field blanks
Duplicate (or replicate samples)
Field Spikes
Split Samples

Safety Considerations
Safety is always important while sampling. Some safety issues you might face are: contaminated
water, sharp debris and objects, threatening people or animals. Field crews should always
consist of at least two individuals. Each individual must have the proper personal protective
equipment, including boots and/or waders and gloves. In addition, each crew must carry the
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safety equipment included on the checklist in Appendix B, including cell phone, emergency
contact numbers, first aid kit, and a GPS unit. Hepatitis B vaccine?
7.2 Analyzing Collected Samples
Field vs. in-house (or office lab) vs. contracted lab
7.3 Interpreting Data
The main types of discharges you will be encountering are sanitary wastewater, washwater,
natural water, and tap or irrigation water discharges. By testing for several indicators, you can
separate one type of discharge from another. When you test for the indicator, you are looking for
values above or below a benchmark value. When the sample’s value for the indicator exceeds or
falls below the benchmark (depending on the indicator), you can include or excluded certain
types of discharges from consideration. Then, when you move up the storm drain system to find
the source of the discharge, you know what you are looking for (i.e. if the discharge is
contaminated with washwater, you know that you are looking for a carwash or other washwater
source.)
You will use the following process to separate various types of discharges from one another:
Step 1. Is the contributing drainage area industrial/commercial or residential. (For residential,
continue with steps 2 through 4, For industrial, skip to Step 5. Steps 2 through 4 are shown in
graphical form in Figure 21.
Step 2. Separate clean flow from contaminated flow by testing for detergents.
Detergents are indicated by surfactants or Boron. Detergents are found in flows contaminated
by sewage or washwater. Test for detergents.
RULE: If the concentration of surfactants is greater than 0.25 mg/L or the concentration of
boron is greater than .035 mg/L, assume that the discharge is contaminated by sewage or
washwater.
Step 3. Separate sewage discharges from washwater discharges by using the
Ammonia/Potassium ratio. After you have established that the discharge contains detergents, the
next step is to determine whether the discharge is from sewage or from washwater.
RULE: If the Ammonia/Potassium ratio is greater than 1, the discharge is probably sewage.
However, if the Ammonia/Potassium ration is less than 1, the discharge is probably washwater.
Step 4. Separate tap water from natural water. If you found in Step 2 that the flow was free of
detergents, the next step is to determine whether this clean flow is from tap water or natural
ground water. You will be able to tell if water is potable water from the concentration of
fluoride, since Clarksville Gas and Water adds fluoride to the water supply water.
RULE: If the fluoride concentration exceeds 0.60 mg/L, potable water is the likely source.
Fluoride levels between 0.13 and 0.6 mg/L may indicate non-target irrigation water. A
determination that the discharge contains potable water points to water line breaks, is that it can
point to water line breaks, outdoor washing, non-target irrigation and other uses of municipal
water that generate flows with pollutants.
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Step 5. Determine type of industrial/commercial flow through the use of benchmarks. Industrial
and commercial discharges are difficult to distinguish from one another because each type could
contain many different chemicals. Table 10 shows common flow characteristics of flows from
different industries. Keep in mind that some flows may exhibit only some of these qualities and
that that other flows may consist of discharges from a combination of several different industries.
It will
be easier
to
narrow
the

Figure 22 Steps for Isolating Types of Residential Discharges

possibilities for an illicit discharge source, if you identify industries that are in the watersheds
you are screening before you go out into the field. For instance, if you know the outfalls that you
are screening drain an area that contains three concrete plants and a paper plant, but no other
industries, it will be easier to identify a discharge since you can eliminate all other industries
from consideration.
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Odor
Classifications
SIC Group
Numbers
20: Food and Kindred Products

Color

Spoiled
Brown to
Meats, Rotten Reddish201 Meat Products
Eggs and
Brown
Flesh Odor
Color
202 Dairy Products

Spoiled Milk,
Rancid Butter

203 Canned and Decaying
Preserved Fruits Products
and Vegetables Compost Pile

Gray to
White

Turbidity

Animal Fats,
Byproducts,
High
Pieces of
Turbidity
Processed
Meats
High

Various

High

Slightly Sweet Brown to
& Musty,
Reddish
Grainy
Brown

High

205 Bakery Sweet and or Brown to
Products
Spoiled
Black

High

204 Grain Mill
Products

206 Sugar and
Confectionary
Products
207 Fats and Oils

NA

NA

Spoiled
Brown to
Meats, Lard or Black
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Flotables

Debris and Structural
Vegetation
Stains
Damage

Brown to
Black

Animal Fats,
Gray to Light
Spoiled Milk
Brown
Products
Vegetable
Waxes,
Seeds, Skins,
Brown
Cores,
Leaves
Grain Hulls
and Skins,
Light Brown
Straw & Plant
Fragments
Cooking Oils,
Gray to Light
Lard, Flour,
Brown
Sugar
White
Crystals

Low

Low Potential

High

Animal Fats, Gray to Light
Lard
Brown

pH

Total
Dissolved
Solids

High

Flourish

Normal

High

High

Flourish

Acidic

High

Low

Normal

Wide
Range

High

Low

Normal

Normal

High

Low

Normal

Normal

High

Low

Normal

Normal

High

Low

Normal

Normal

High
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers

Odor

Color

Turbidity

Flotables

Debris and Structural
Vegetation
Stains
Damage

pH

Total
Dissolved
Solids

Grease

Flat Soda,
208 Beverages Beer or Wine,
Alcohol, Yeast

Various

Mod.

21: Tobacco
Manufactures

Dried
Tobacco,
Cigars,
Cigarettes

Brown to
Black

Low

22: Textile Mill
Products

Wet Burlap,
Bleach, Soap,
Detergents

Various

High

NA

Various

Low

NA

NA

Low

25: Furniture &
Fixtures

Various

Various

Low

26: Paper & Allied
Products

Bleach,
Various

Various

Mod.

23: Apparel and
Other Finished
Products
Material Manufacture
24: Lumber & Wood
Products
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Grains, Hops,
Broken Glass,
Discarded Light Brown
Canning
Items
Tobacco
Stems &
Leaves,
Brown
Papers and
Fillers

High

Inhibited

Wide
Range

High

Low

Normal

Normal

Low

Fibers, Oils,
Gray to Black
Grease

Low

Inhibited

Basic

High

Some Fabric
Particles

NA

Low

Normal

Normal

Low

Light Brown

Low

Normal

Normal

Low

Light Brown

Low

Normal

Normal

Low

Light Brown

Low

Normal

Wide
Range

Low

Some
Sawdust
Some
Sawdust,
Solvents
Sawdust,
Pulp Paper,
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers

Odor

Color

Turbidity

Chemicals

Flotables

Debris and Structural
Vegetation
Stains
Damage

pH

Total
Dissolved
Solids

Waxes, Oils

27: Printing,
Publishing, and
Allied Industries

Ink, Solvents

Brown to
Black

Mod.

Paper Dust, Gray to Light
Solvents
Brown

Low

Inhibited

Normal

High

31: Leather &
Leather Products

Leather,
Bleach,
Rotten Eggs
or Flesh

Various

High

Animal Flesh
& Hair, Oils,
Grease

High

Highly
Inhibited

Wide
Range

High

33: Primary Metal
Industries

Various

Brown to
Black

Mod.

High

Inhibited

Acidic

High

Detergents,
Rotten Eggs

Brown to
Black

High

Low

Inhibited

Wide
Range

High

Wet Clay,
Mud,
Detergents

Brown to
ReddishBrown

Mod.

Low

Normal

Basic

Low

Chemical
Manufacture
28: Chemicals & Allied Products
Strong
2812 Alkalies and Halogen or
Chlorine Chlorine,
Pungent,

Alkalies –
NA;
Chlorine Yellow to

High

Highly
Inhibited

Basic

High

34: Fabricated
Metal Products I
32: Stone, Clay,
Glass, and
Concrete Products
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Low

Gray to
Black, Salt
Crystals

Ore, Coke,
Limestone, Gray to Black
Millscale, Oils
Dirt, Grease,
Oils, Sand, Gray to Black
Clay Dust
Glass
Particles Dust Gray to Light
from Clay or
Brown
Stone

NA

Alkalies –
White
Carbonate
Scale
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers

2816 Inorganic
Pigments
282 Plastic
Materials and
Synthetics

283 Drugs

284 Soap,
Detergents &
Cleaning
Preparations

Odor

Color

Burning

Green

NA

Various

Turbidity

Flotables

Debris and Structural
Vegetation
Stains
Damage

High

Low Potential
Plastic
Fragments,
Pieces of
Synthetic
Products
Gelatin
Byproducts
for
Capsulating
Drugs

Various

Low

Highly
Inhibited

Wide
Range

High

Various

Low

Inhibited

Wide
Range

High

Various

Low

Highly
Inhibited

Normal

High

Low

Inhibited

Basic

High

Inhibited

LatexBasic
SB Normal

High

Various

High

NA

Various

High

Sweet or
Flowery

Various

High

Oils, Grease Gray to Black

High

Latex - NA
SB - All
Gray to Black
Solvents
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Total
Dissolved
Solids

Chlorine - NA

Pungent,
Fishy

Latex 285 Paints, Ammonia SB Varnishes, Dependent
Lacquers, Enamels Upon Solvent Various
and Allied Products
(Paint
(SB - Solvent Base)
Thinner,
Mineral

pH

Low
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers

Odor

Color

Turbidity

Flotables

Debris and Structural
Vegetation
Stains
Damage

pH

Total
Dissolved
Solids

Spirits)

286 Indust. Organic
Chemicals
2861 Gum and
Brown to
Pine Spirits
Wood Chemicals
Black
2865 Cyclic Crudes,
& Cyclic
Sweet
NA
Intermediates Dyes, Organic Smell
& Organic Pigments
287 Agricultural
Chemicals

High

Rosins and
Gray to Black
Pine Tars

Low

Inhibited

Acidic

High

Low

Translucent
Sheen

Low

Highly
Inhibited

Normal

Low

High

Inhibited

Acidic

High

High

Inhibited

Acidic

High

Low

Normal

Normal

High

2873 Nitrogenous
Fertilizers

NA

NA

Low

NA

2874 Phosphatic
Fertilizers

Pungent
Sweet

Milky
White

High

NA

2875 Fertilizers,
Mixing Only

Various

Brown to
Black

High

Pelletized
Fertilizers

NA

White
Crystalline
Powder
Emorphous
Powder
White
Brown
Emorphous
Powder

29: Petroleum Refining and Related Industries
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers
291 Petroleum
Refining
30: Rubber &
Miscellaneous
Plastic Products
Transportation &
Construction
15 Building
Construction
16 Heavy
Construction
Retail
52 Building
Materials,
Hardware, Garden
Supply, and Mobil
Home Dealers
53 Gen.
Merchandise Stores
54 Food Stores

Odor

Color

Rotten Eggs,
Kerosene,
Gasoline

Brown to
Black

High

Rotten Eggs,
Chlorine,
Peroxide

Brown to
Black

Mod.

Various

Brown to
Black

High

Various

Brown to
Black

High

NA

Brown to
Black

Low

NA

NA

NA

Spoiled
Produce,

Various

Low
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Turbidity

Flotables

Debris and Structural
Vegetation
Stains
Damage

Any Crude or
Black Salt
Processed
Crystals
Fuel
Shredded
Rubber
Pieces of Gray to Black
Fabric or
Metal

Oils, Grease,
Gray to Black
Fuels
Oils, Grease,
Fuels, Diluted
Gray to Black
Asphalt or
Cement
Some Seeds,
Plant Parts,
Light Brown
Dirt, Sawdust,
or Oil
NA

NA

Fragments of
Light Brown
Food,

pH

Total
Dissolved
Solids

Low

Inhibited

Wide
Range

High

Low

Inhibited

Wide
Range

High

Low

Normal

Normal

High

Low

Normal

Normal

High

Low

Normal

Normal

Low

Low

Normal

Normal

Low

Low

Flourish

Normal

Low
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Chemical and Physical Properties of Industrial Non-Storm Water Discharges
(Source, CWP 2001)
Industrial
Categories
Major
Classifications
SIC Group
Numbers

Odor

Color

Turbidity

Rancid, Sour
55 Automotive
Dealers & Gasoline
Service Stations
56 Apparel &
Accessory Stores
57 Home Furniture,
Furnishings, &
Equip. Stores
58 Eating &
Drinking Places

Flotables

Debris and Structural
Vegetation
Stains
Damage

pH

Total
Dissolved
Solids

Decaying
Produce

Oil or
Gasoline

Brown to
Black

Mod.

Oil or
Gasoline

Brown

Low

Inhibited

Normal

Low

NA

NA

Low

NA

NA

Low

Normal

Normal

Low

NA

NA

Low

NA

NA

Low

Normal

Normal

Low

Spoiled Foods Brown to
Oil & Grease
Black

Low

Spoiled or
Leftover
Foods

Brown

Low

Normal

Normal

Low

Coal Steam Electric
Power

NA

Brown to
Black

High

Coal Dust

Black
Emorphous
Powder

Low

Normal

Slightly
Acidic

Low

Nuclear Steam
Electric Power

NA

Light
Brown

Low

Oils,
Lubricants

Light Brown

Low

Normal

Normal

Low
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