Chapter 5: Desktop Assessment of lllicit Discharge Potential

Purpose: This program component uses
mapping and other available data to
determine the potential severity of illicit
discharges within a community, and
identifies which subwatersheds or generating
land uses merit priority investigation.

Method(s): A simple desktop assessment
method can rapidly determine the severity of
illicit discharge problems in a community. If
an MS4 has fewer than 20 stream miles, this
component can be skipped and a community
can proceed directly to an ORI. The desktop
assessment method has five basic elements:

1. Delineate subwatersheds or other
drainage units within your community

2. Compile available mapping and data for
each drainage unit (e.g., land use, age,
outfalls, infrastructure history)

3. Derive subwatershed discharge
screening factors using GIS analysis

4. Screen and rank illicit discharge
potential at the subwatershed and
community level

5. Generate maps to support field
investigations

Desired Product or Qutcome(s): The
desktop assessment is used to guide initial
field screening, and support initial IDDE
program decisions. Key outcomes include:

a) Screening problem catchments or
subwatersheds

b) Creation of GIS or other database system
to track outfalls
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¢) Gaining an overall assessment as to the
severity of illicit discharge problems in
the community

d) Generation of basic mapping for
subsequent field work

Budget and/or Staff Resources Required:
The initial desktop assessment of illicit
discharge potential should not be a long

or arduous process, and should generally
take less than four staff weeks. The quality
and accuracy of the desktop assessment,
however, will vary depending on the extent
of available mapping information and GIS
data. If mapping information is poor, the
desktop assessment should be skipped, and
program managers should go directly to the
field to inventory outfalls.

Integration with Other Programs. 1f the
desktop assessment suggests few potential
illicit discharge problems, program
managers may want to combine outfall
surveys with broader stream corridor
assessment tools such as the Unified Stream
Assessment (Kitchell and Schueler, 2004).
The desktop assessment provides insight

on how to narrow your illicit discharge
search, and is helpful when designing a
discharge tracking system to best suit your
needs. Finally, the desktop assessment can
identify subwatersheds, generating sites, and
neighborhoods where storm water education
should be targeted to address illicit discharge
problems.
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5.1 Overview of Desktop
Assessment of lllicit Discharge
Potential

A community should understand the extent
of water quality problems caused by illicit
discharges. The desktop assessment should
not be a time-consuming research effort,
but should draw on existing background
data and anecdotal information to initially
characterize illicit discharge potential at the
subwatershed level.

Subwatersheds are then screened based on
their composite score, and are designated as
having a low, medium or high risk:

e Low —no known illicit discharge
problems in the subwatershed

e Medium — problems are confined to a
few stream reaches, outfalls or specific
generating sites in the subwatershed

e High — Problems are suspected to be
severe throughout the subwatershed

The desktop assessment also shapes the
overall direction of a local IDDE program.
For example, if the desktop assessment
indicates that the risk of illicit discharges is
low in the community, program managers
may want to shift resources to other
minimum management measures and
integrate them into a broader watershed
assessment and restoration effort. For
example, IDDE programs may emphasize
storm water education, public involvement
and hotline setup. By contrast, if the desktop
assessment reveals significant potential for
severe discharges, program managers will
need to allocate significant program resources
to find and fix the discharge problems.

The recommended scale for desktop assess-
ments 1s the subwatershed or sewershed,

which typically range from two to 10 square
miles in area. These small planning units are
easily delineated on maps or a GIS system.
Next, mapping, monitoring and other data
are analyzed to identify subwatersheds with
the greatest potential to contribute illicit
discharges. The sophistication of the analysis
varies depending on the data available, but
can encompass up to 10 different screening
factors. The desktop assessment consists of
five basic steps:

Limited mapping or data should not hinder
a desktop assessment. Most communities
will have some gaps, but should make the
most out of what they have. The desktop
assessment is an office exercise to locate the
most promising subwatersheds to find illicit
discharge; subsequent outfall screening is
needed to discover the problem outfalls in
the field.

Step 1: Delineate subwatersheds

Step 2: Compile mapping layers and
subwatershed data

Step 3: Compute discharge screening factors

Step 4: Screen for illicit discharge potential
at the subwatershed and community
level

Step 5: Generate maps to support field
investigations

Step 1: Delineate Subwatersheds

Since hundreds of outfalls and many
stream miles exist in most communities,
the MS4 should be divided into smaller,
more manageable planning units known
as subwatersheds. If the community
already does watershed planning, these
subwatersheds may already be delineated,
and should be used for subsequent
characterization and screening. Working
at the subwatershed scale is usually the
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most efficient way to conduct both desktop
assessments and field surveys.

In small, heterogeneous or densely
developed MS4s, conducting the assessment
on a smaller scale may be more effective. In
this case, sewersheds or catchments that are
less than one square mile in area and have

a common outfall or discharge point should
be delineated. This finer level delineation
allows for a refined characterization that
can pinpoint probable sources of illicit
discharges, but can obviously consume a lot
of time. It should be noted that sewersheds
do not always follow topographic
delineations and therefore can provide a
more accurate picture of the contributing
areas to a particular outfall.

If subwatersheds are not yet defined, hydro-
logic, infrastructure and topographic map

layers are needed to delineate the boundaries.

Guidance on the techniques for accurately
delineating subwatershed boundaries can be
found at www.stormwatercenter.net (click
“Slideshows,” then scroll down to “Delineat-
ing Subwatershed Boundaries”). The use of
digital elevation models (DEMs) and GIS
can also make subwatershed delineation

an easier and faster, automated process.

Some subwatersheds extend beyond the
political boundaries of a community. Where
possible, it is recommended that the entire
subwatershed be delineated and assessed in

conjunction with neighboring municipalities.

This helps to ensure that all potential
sources of illicit discharges are identified
in the subwatershed, regardless of the
community from which they originate.

Step 2: Compile Mapping Layers
and Subwatershed Data

Once subwatersheds (or catchments) are
delineated, a community can begin to

acquire and compile existing data for each
drainage area, preferably with a Geographic
Information System (GIS). A GIS allows

the user to analyze and manipulate spatial
data, rapidly update data and create new
data layers, associate data tables with

each map layer, and create paper maps to
display subwatershed information. A GIS
can greatly speed up data compilation and
provides greater accuracy in mapping specific
locations. The mapping information facilitates
the interpretation and understanding of the
discharge screening factors (Step 3).

If a community does not currently have a
GIS, developing a system from scratch may
seem daunting, however, most GIS software
can be installed on basic PCs, and free GIS
data layers are often available online. The
basic elements of a GIS program include

a PC, Global Positioning System (GPS)
units, a plotter, a digitizer, GIS software,
data and staff training. As with many
technologies, both low-end and high-end
versions are available, as are many add-ons,
extensions and tools. While a GIS is not
necessary for the IDDE desktop assessment,
it does make the process more efficient

and accurate, which can save money in the
long run. Moreover, other agencies within

a community usually need or use GIS and
may be willing to share hardware, software,
support and development costs’.

Acquiring data for each subwatershed is the
next step in the desktop assessment process.

The extent and quality of the data available
for mapping directly influence subsequent
analyses and field investigations. A list of
recommended data layers to acquire for the
desktop assessment is provided in Table 13.

" If a community plans to defer using GIS, all databases it
develops should have location information suitable for later
use with GIS (i.e., using suitable georeferencing technology
such as GPS).
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Some mapping data may exist in GIS format,

whereas others are only available in digital or

hardcopy formats that need to be converted
to GIS. Digital data with a geo-spatial
reference such as latitude and longitude,
parcel ID numbers or addresses can be
directly entered into a GIS, if an existing
road or parcel GIS layer can be associated
to it. Hardcopy maps can also be digitized
to create new GIS data layers. This can be a
labor-intensive process, but will only need
to be done once and can be easily updated.
If GIS is not an option, hardcopy maps and
data can be analyzed, with an emphasis on
tax maps, topographic maps, historic aerial
surveys, and storm drain and outfall maps.

Most data layers can be obtained from local
sources, such as the city planning office,

emergency response agency, or public works
department. If a subwatershed extends
beyond the boundaries of your community,
you may need to acquire data from another
local government. Some data layers may be
available from state and federal agencies and
commercial vendors. EPA and most state
environmental agencies maintain databases
of industrial NPDES, CERCLA, RCRA and
other sites that handle or discharge pollutants
or hazardous materials. These searchable
permit databases are often available as

GIS layers (see Appendix A). Commercial
vendors are good sources for low-altitude
aerial photos of your community. Aerial
photos can be expensive but are often the
best way to get a recent high-resolution
‘snapshot’ of subwatershed conditions.

Table 13: Useful Data for the Desktop Assessment

Data Likely Format

Aerial photos or orthophotos Digital map
Subwatershed or catchment boundaries Digital or hardcopy map
Hydrology including piped streams Digital or hardcopy map

§ Land use or zoning Digital or hardcopy map

= NPDES storm water permittees Digital data or map

E€ | Outfalls Digital or hardcopy map

§ Sewer system, 1" = 200’ scale or better Digital or hardcopy map

& Standard Industrial Classification codes for all industries Digital or hardcopy data
Storm drain system, 1” = 200’ scale or better Digital or hardcopy map
Street map or equivalent GIS layers Digital or hardcopy map
Topography (5 foot contours or better) Digital or hardcopy map
Age of development Narrative data
As-builts or construction drawings Hardcopy map
Condition of infrastructure Narrative data
Field inspection records Hardcopy or digital data
Depth to water table and groundwater quality Digital data or maps

< | Historical industrial uses or landfills Narrative data or hardcopy map

S | Known locations of illicit discharges (current and past) Narrative data or digital map

S | Outfall and stream monitoring data Digital data

O [ Parcel boundaries Digital or hardcopy map
Pollution complaints Narrative data
Pre-development hydrology Narrative data or hardcopy map
Sanitary sewer Infiltration and Inflow (/1) surveys Hardcopy or digital data
Septic tank locations or area served by septic systems Hardcopy or digital map
Sewer system evaluation surveys Hardcopy or digital data
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Alternatively, TerraServer (http://terraserver.

microsoft.com/default.aspx) is a free
mapping resource that most communities
can use to get good quality aerial and other
coverages (Figure 8 is an example). Higher
quality photos may be desirable as more
detailed investigations are pursued.

As GIS technology has become more afford-
able and easier to use, Phase 11 communities
should harness their capabilities to develop
the storm sewer system maps required by
NPDES permits. GIS can become a powerful
tool to track and manage the entire IDDE
program, and demonstrate compliance in
annual reports. In addition to being a power-
ful tool for analysis, GIS is also a great tool
for communicating with the public. The
images that can be created with GIS can
summarize tables of data in a way that the
public appreciates. If the recommended

data layers are not available, a community
may want to devote program resources to
create or obtain them. Once data layers have
been collected and digitized, they can be

.

Figure 8: GIS Layers of Outfalls in a Suwatershed

entered into the GIS to create a map of each
subwatershed (Figure 8). Make sure all data
layers are in the same coordinate system,
and perform any conversions needed. Clip
data layers to subwatersheds to enable
calculation of factors such as land use,

area, and outfall density. Summary data on
subwatershed water quality and statistics

on the age and condition of infrastructure
should be entered into a database created for
analysis in the next step.

Step 3: Compute Discharge
Screening Factors

The third step of the desktop assessment
defines and computes discharge factors to
screen subwatersheds based on their illicit
discharge potential (IDP). As many as 10
different discharge screening factors can be
derived during the screening process, but
not all may apply to every community. The
potential screening factors are described

in Table 14, along with how they are
measured or defined. Keep in mind that

Markings illustrate Tuscaloosa, AL outfalls and drainage areas surveyed as part of this project.
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Table 14: Defining Discharge Screening Factors in a Community

Discharge Screening
Factors

Defining and Deriving the Factor

1. Past Discharge
Complaints and
Reports

Frequency of past discharge complaints, hotline reports, and spill responses
per subwatershed. Any subwatershed with a history of discharge complaints
should automatically be designated as having high IDP.

. Poor Dry Weather
Water Quality

Frequency that individual samples of dry weather water quality exceed
benchmark values for bacteria, nutrients, conductivity or other predetermined
indicators. High risk if two or more exceedances are found in any given year.

. Density of Generating
Sites or Industrial
NPDES Storm Water
Permits

Density of more than 10 generating sites or five industrial NPDES storm water
sites per square mile indicates high IDP. Density determined by screening
business or permit databases (Appendix A).

. Storm Water Outfall
Density

Density of mapped storm water outfalls in the subwatershed, expressed as the
average number per stream or channel mile. A density of more than 20 outfalls
per stream mile indicates high IDP.

. Age of Subwatershed
Development

Defined as the average age of the majority of development in a subwatershed.
High IDP is often indicated for developments older than 50 years. Determined

from tax maps and parcel data, or from other known information about
neighborhoods.

6. Sewer Conversion Subwatersheds that had septic systems but have been connected to the

sanitary sewer system in the last 30 years have high IDP.

7. Historic Combined
Sewer Systems

Subwatersheds that were once served by combined sewer system but were
subsequently separated have a high IDP.

Subwatersheds with more than 5% of its area in industrial sites that are more
than 40 years old are considered to have high IDP. Determined from historic
zoning, tax maps, and “old-timers.”

8. Presence of Older
Industrial Operations

9. Aging or Failing Sewer
Infrastructure

Defined as the age and condition of the subwatershed sewer network. High
IDP is indicated when the sewer age exceeds design life of its construction
materials (e.g., 50 years) or when clusters of pipe breaks, spills, overflows or I/I
are reported by sewer authorities.

10. Density of Aging
Septic Systems

Subwatersheds with a density of more than 100 older drain fields per square
mile are considered to have high IDP. Determined from analysis of lot size
outside of sewer service boundaries.

these screening factors are a guide and
not a guarantee. Each screening factor is
described in detail in the following section.

local environmental or health department
are also worth analyzing. Each of these
historical sources should be analyzed to
determine if any patterns or clusters where
illicit discharges have historically occurred
can be found. Ideally, the number of past
discharge complaints should be expressed
on a subwatershed basis. Even if there is not
enough data to quantify past discharges, it
may be helpful to get a qualitative opinion
from public works crews.

1. Past Discharge Complaints and
Reports

Many communities already have some
handle on where illicit discharges have
occurred in the past, based on past
complaints, reports and interviews with
spill responders and public works repair
crews. Pollution complaints made to the
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2. Poor Dry Weather Water Quality

If dry weather water quality monitoring data
have been collected for local streams, it can
be an extremely useful resource to screen
subwatersheds for IDP. In particular, look
for extreme concentrations of enterococci

or E. coli, or high ammonia-nitrogen or
conductivity. Remember to edit out any
samples that were collected during or
shortly after storm events, as they reflect
the washoff of pollutants during storm
water runoff. In general, most communities
have more subwatersheds than baseflow
monitoring stations, so complete coverage is
usually lacking. The following benchmarks
are recommended to flag streams with high
IDP, based on individual samples of dry
weather water quality that exceed:

e Fecal coliform or E. coli standards (e.g.,
typically 1,000 to 5,000 MPN/100 ml)

e Ammonia-nitrogen levels of 0.30 mg/1
e Total phosphorus of 0.40 mg/1

e Conductivity levels that exceed the 90
percentile value for the pooled dataset

Subwatersheds can be classified as having

a moderate risk if stream water quality
values exceed half the benchmark value.

An alternative approach is to statistically
analyze long-term dry weather water quality
monitoring dataset to define breakpoints
(e.g., 50™, 75" and 90 percentiles).

3. Density of Generating Sites or
Industrial NPDES Storm Water
Permits

The density of potential generating sites in
a subwatershed can be a good screening
factor, if land use and business databases
are available. The basic database screening
method used to locate commercial,
industrial, institutional, municipal and

transport-related generating sites is described
in Chapter 1 and Appendix A. From the
standpoint of discharge screening, the key
variable to derive is the density of potential
generating sites (e.g., sites/square mile).

As a rule of thumb, more than 10 potential
generating sites per square mile would
indicate a high IDP, while subwatersheds
with three to 10 generating sites per square
mile might suggest a medium IDP.

Alternatively, communities may want to
develop screening factors based on the
density of industrial storm water permits

in place within the subwatershed. State

or federal regulatory agencies often have
geospatial databases of industrial NPDES
discharges that can be rapidly screened.
Pretreatment programs are another valuable
source of information on industrial and non-
domestic discharges to the sanitary system.

4., Storm Water Outfall Density

The density of outfalls in a subwatershed

is an effective discharge screening factor,
and is expressed in terms of the number of
outfalls per stream mile. Outfall density
can be determined by analyzing storm
drain maps, if they exist (although they
often miss the smaller diameter outfalls
that can also produce discharges). In
general, subwatersheds that have more than
20 mapped outfalls per stream mile may
indicate a higher risk for IDP. Alternatively,
the breakpoints for outfall density can be
statistically analyzed based on the frequency
across all subwatersheds.

5. Age of Subwatershed
Development

The average age of development in a
subwatershed may predict the potential for
illicit discharge problems. For example,

a subwatershed where the average age of
development is more than 100 years was
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probably constructed before sewer service
was widely available, and many of the pipes
and connections may have changed over

the years as a result of modernization and
redevelopment. Presumably, the risk of
potential discharges would be higher in these
older subwatersheds. By contrast, a recently
developed subwatershed may have a lower
discharge risk due to improved construction
materials, codes and inspections.

Therefore, high IDP may be indicated when
subwatershed development is more than

50 years old, with medium IDP for 20 to

50 year old development, and low IDP if
fewer than 20 years old. You should always
check with local building and plumbing
inspectors to confirm the building eras used
in the screening analysis. The actual age of
development can be estimated by checking
tax maps and plats, or based on architecture,
or common knowledge of neighborhoods.

6. Sewer Conversion

Subwatersheds that were once served

by septic systems but were subsequently
connected often have a high IDP. These
subwatersheds are identified by reviewing
past sewer construction projects to
determine when and why sewer service was
extended.

/. Historic Combined Sewer Systems

Subwatersheds that were once served
by combined sewer systems but were
subsequently separated often have a high
IDP. They can be identified by reviewing
past municipal separation projects.

8. Presence of Older Industrial
Operations

Older industrial areas tend to have a high
potential for illicit cross-connections for
several reasons. First, sanitary sewers may
not have been installed to handle wash

water, process water and other discharge
flows when the operation was originally
constructed. In the past, storm drains were
often used to handle non-sewage discharges
at older industrial facilities. In addition,
sanitary and storm drain lines built in
different eras are poorly mapped, which
increases the chance that someone gets the
plumbing wrong during an expansion or
change in operations at the facility. As a
result, older industries may inadvertently
discharge to floor drains or other storm
drain connections thinking they are
discharging pretreated water to the sanitary
sewer. Finally, older industries that produce
large volumes of process water may not have
enough sanitary sewer capacity to handle
the entire discharge stream, causing them to
improperly discharge excess water through
the storm drain system.

For these reasons, subwatersheds where
older industry is present should be regarded
as having a high IDP. For operational
purposes, older industry is defined as sites
that predate the Clean Water Act (e.g., 40
years old or more). They can be identified
from historic zoning and land use maps, old
parcel records or talking with old-timers.

9. Aging or Failing Sewer
Infrastructure

Aging or failing sewer infrastructure often
signals potential illicit discharges, and can
be defined by the age and condition of the
subwatershed sewer network. High IDP is
indicated when the sewer age exceeds the
design life of its construction materials (e.g.,
50 years) or when clusters of pipe breaks,
spills, overflows or infiltration and inflow
(I&I) are reported by sewer authorities.
Older and aging sewer infrastructure
experience more leaks, cross-connections
and broken pipes that can contribute sewage
to the storm drain system. The key factor
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to determine is the approximate age of the Step 4: Screen for lllicit Discharge
sewer pipes and their construction materials, Potential at the Subwatershed and
which can be gleaned from sewer maps Community Level
1&I studies, or interviews with crews that
regularly repair broken or leaking sewer The process for screening IDP at the
pipes. subwatershed level is fairly simple. The

first step is to select the group of screening
10. Density of Aging Sepfic Systems factors that apply most to your community,

and assign them a relative weight. Next,
points are assigned for each subwatershed
based on defined scoring criteria for each
screening factor. The total subwatershed
score for all of the screening factors is

then used to designate whether it has a

low, medium or high risk to produce illicit
discharges. Table 15 provides an example.
Based on this comparison, high-risk
subwatersheds are targeted for priority
field screening. It is important for program
managers to track and understand which
screening factors contributed to identifying
a watershed as “high-risk,” as this may
affect the type of investigatory strategy that
is used for a particular watershed.

Subwatersheds located outside of the sewer
service area are presumably served by septic
systems. Septic systems more than 30 years
old are prone to failure, based on many site
factors (Swann, 2001). In general, a high
IDP is indicated if older septic tank density
exceeds 100 per square mile. Sewer envelope
boundaries or sewer network maps can be
helpful to identify subwatersheds that are
served by septic systems. Actual density

is determined by counting or estimating

the total number of septic households in

the subwatershed. Tank density should be
expressed as septic system units per square
mile (average lot size can also be used as a
surrogate estimator).

Table 15: Prioritizing Subwatersheds Using IDP Screening Factors

Past Poor dry Density
Discharge weather of storm Average
i water qualit water Raw .
Complaints/ q y age of Normalized
Reports (o CIES outfalls | geyelopment IDP 1 \5p score**
tot Ip b bacteria (# of outfalls (years) score
( ola nur(r; € | standardsare | per stream y
ogged) exceeded) mile)
Subwatershed A 8 (2)* 30% (2)* 14 (2)* 40 (2)* 8 2
Subwatershed B 3 (1) 15% (1) 10 (2) 10 (1) 1.25
Subwatershed C 13 (3) 60% (3) 16 (2) 75 (3) 11 275
Subwatershed D 1 (1) 25% (1) 9 (1) 15 (2) 1.25
Subwatershed E 5 (1) 15% (1) 21 (3) 20 (1) 6 1.5
Notes:
* The number in parentheses is the IDP “score” (with 3 having a high IDP) earned for that subwatershed and screening factor.
Basis for assigning scores (based on benchmarks) to assess IDP is as follows:
Past discharge complaints/reports: <5 =1; 5-10=2; >10=3
Dry weather water quality: <25% = 1; 25-50% =2; >50% =3
Storm water outfall density: <10 =1; 10-20=2; >20=3
Average age of development: <25 = 1; 25-50=2; >50=3
** Normalizing the raw IDP scores (by dividing the raw score by the number of screening factors assessed) will produce scores
that fall into the standard scale of 1 to 3 for low to high IDP, respectively.
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The example provided in Table 15 uses
four screening factors to assess five
subwatersheds in a community. Data for
each factor are compared against assigned
benchmarks, as shown in the table. Each
subwatershed receives a specific score

for each individual screening factor.

These scores are then totalled for each
subwatershed, and the one with the highest
score is given top priority screening. In this
case, the screening priority would be given
to Subwatershed C, then A, followed by E.
Subwatersheds B and D, with the lowest
potential for illicit discharges, have the
lowest priority.

A similar screening process can be used to
evaluate the IDP for the community as a
whole. In this case, the entire population of
subwatersheds in the community is analyzed
to collectively determine the frequency of
the three risk areas: high, medium, and

low. Predefined criteria for classifying the
community’s IDP should be developed.

Table 16 and Figure 9 present an example
system for classifying IDP as minimal,
clustered or severe, based on the proportion
of subwatersheds in each risk category. The
community-wide assessment helps program
managers define their initial IDDE program
goals and implementation strategies, and
target priority subwatersheds for field
investigations.

Step 5: Generate Maps to Support
Field Investigations

The last step in this program component
involves generating the maps that field
crews need to screen outfalls in priority
subwatersheds. More detail on mapping
requirements is provided in Chapter

11. The basic idea is to create relatively
simple maps that show streams, channels,
streets, landmarks, property boundaries
and known outfall locations. The idea is to
provide enough information so crews can
find their way in the field without getting
lost, but otherwise keep them uncluttered.
Low altitude aerial photos are also a handy
resource when available.

Table 16: Community wide Rating of lllicit Discharge Potential

Rating

Indicators

Minimal (no known problems)

Majority of subwatersheds have a Low IDP risk, with the remainder
having Medium IDP risk

Clustered (isolated problems)

More than 20% of subwatersheds with a Medium or High IDP risk that
are in close proximity to each other

Severe (severe problems)

More than 50% of subwatersheds with a Medium or High IDP risk or
more than 20% of subwatersheds with a High IDP risk
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Low IDP risk
Medium IDP risk
I High IDP risk

Figure 9: Communities with Minimal (a), Clustered (b), and Severe
(c) lllicit Discharge Problems
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