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Program Summary and Projection of Work

The objective of the Delaware Department of Transportation NPDES Program is
to reduce stormwater pollutants from the co-permittees’ municipal separate storm sewer
system to the maximum extent practicable. This is accomplished through the
implementation of a comprehensive stormwater pollution prevention and management
program as contained in the NPDES Permit No. DE 0051071 effective May 1, 2001 and
EPA Consent Decree effective December 14, 2001.

The Delaware Department of Transportation and New Castle County entered into
an Interjurisdictional Agreement for the purposes of identifying duties and
responsibilities under the Consent Decree and the stormwater NPDES permit. If any task
listed requires consultant services, DelDOT and the County will share all costs equally.

$2.07 million was appropriated to DelDOT to implement program elements of
NPDES ). This annual report covers NPDES activities from January 1, 2011
through December 31, 2011.

The purpose of this review and update is to summarize major activities to date
through year 2011 and provide a projection of work for calendar year 2012. Work
projections for 2012 are provided at the end of this section in .

The following projects have been initiated as a result of the NPDES permit:

Storm Drain Inventory and Inspection

Concluded Agreement 1354 KCI Technologies completing the following tasks:
e 99% of Kent County in 2011

e Began inspections in Sussex County

e Annual inspections of BMPs

e Submitted work orders to Districts

e Held training workshops on map viewer

Executed Agreement 1591 to conduct the following tasks:
0 Complete Sussex County inventory and inspection
0 Inspect recently accepted subdivision streets and storm drain systems
in NCCo.
o Conduct annual BMP inspections
0 Submit work orders
0 Update database/map viewer and provide training as necessary

Injunctive Relief

DelDOT has fulfilled its obligation under the Consent Decree to complete the 1-95
Stormwater Project. Please see Annual Report 2001, Volume 3, Appendix U for a



complete report and photographic documentation of the 1-95 Additional Injunctive Relief
Stormwater Controls. The components are identified below:

Ditches — DelDOT replaced concrete channels with riprap at 18 locations and
replaced 8 concrete ditches with vegetated ditches. DelDOT will provide
maintenance of these ditches during the term of the Consent Decree.

Shallow marshes — DelDOT designed and constructed two shallow marshes
along 1-95 as bioretention areas. DelDOT will provide maintenance of these
ditches during the term of the Consent Decree.

Stone check dams — DelDOT designed and constructed 7 stone check dams
along 1-95. DelDOT will perform regular inspections and maintenance during
the term of the Consent Decree.

Biofiltration swales — DelDOT has constructed biofiltration swales along 1-95
as per the Consent Decree. DelDOT will conduct annual inspections and
provide maintenance.

Pesticides, Herbicides and Fertilizers

DelDOT’s NPDES Program and the Roadside Environmental Section are working
together to develop long-term pesticide reductions strategies, including:

Guardrail Inventory — An initial inventory of all guardrail sections in the state
was completed in 2009. A small professional services agreement was
executed in 2011 to collect data on new guardrail installations and continue to
update the existing database. The data are being used by DelDOT to identify
areas where guardrail herbicide application can be reduced or eliminated.

Guardrail Vegetation Management pilot study — DelDOT and the University
of Delaware continued this study in 2011 to test alternative vegetation
management strategies for guardrail (including two types of weed block
material, hand trimming, low-grow fescue, as well as adding new grass seed
mixtures/plugs) to reduce or eliminate herbicide application. If feasible
alternatives are found, we hope to use them in environmentally sensitive areas
to replace, or reduce, use of herbicides on guardrails.

A study of the impacts of mowing median turf grass at different heights upon
water quality and turf quality was concluded in 2011, and the final report is
pending.

A contract with Weeds, Inc. was executed to treat invasive species on
DelDOT-owned BMPs.

Ilicit Discharge and Improper Disposal Program

Per agreement with New Castle County, DelDOT is responsible for the illicit
discharge detection and elimination (IDDE) program within the DelDOT-owned portion



of the stormwater conveyance system. Our dry-weather screening program uses a
numerical rating system for water quality parameters in dry weather flow, which provides
an index that determines which outfalls are targeted for follow-up evaluation. KCI
Technologies, Inc. performs this work for DelDOT. In calendar year 2011, a total of 49
DelDOT-owned outfalls were screened in New Castle County. No dry weather flow was
observed during any of these inspections.

During 2011, nine potential illicit discharges (PIDs) in New Castle County were
either reported and/or investigated. These were either reported to the DelIDOT NPDES
Program or discovered during KCI’s MS4 inspection activities. Each was investigated by
KCI crews, and follow-up action was taken where appropriate.

DelDOT also continued a public education program to help eliminate improper
disposal and dumping into storm drains. Whenever evidence of improper dumping is
discovered, either through routine inspections or citizen complaints, the entire community
is canvassed with educational door hangers.

Sweeping Program

DelDOT is continuing its 4:2:1 frequency on primary, secondary, and tertiary
roads. More frequent sweeping occurs on interstate highways. Automatic Vehicle
Locating (AVL) systems were installed in several sweepers in North District in
anticipation of the new TMDL requirements. Data will be used to track roads swept and
to estimate pollutant removal.

Snow and Ice Program

DelDOT has upgraded its existing fleet with ground speed spreader controls, plow
balance valves and apply the techniques of anti-icing and pre-wetting in an effort to
reduce overall salt usage. New trucks will be fully equipped with ground speed spreader
controls and plow balance valves.

Storm Event Monitoring Program

The wet weather storm event monitoring required under the Phase | permit was
intended to identify, investigate and address selected water quality parameters of storm
water runoff from five outfall locations identified in the Permit Application, representing
four developed land use classifications: highway, commercial, industrial and residential.

The wet weather monitoring requirement at the five prescribed outfalls in New Castle
County was fully completed by the County and DelDOT in 2009. Therefore, no
additional samples were collected in 2011.

BMP Inspection and Maintenance

DelDOT annually inspects its BMP facilities for functionality. BMPs are graded
A-D depending on condition. KCI completed the annual inspection of 224 New Castle



County BMPs in 2011. In 2011 we altered our inspection schedule to not include BMPs
that had been previously rated C or D because these BMPs would be slated for in-house
or contracted maintenance. BMPs are evaluated and placed on contract for maintenance
as needed and as money permits. Maintenance functions are performed by the Districts
or through contractors specializing in noxious and invasive species control, or
maintenance of specific BMP types. We are under contract with Weeds, Inc. to control
noxious and invasive species.

In 2011, 64 BMPs that had a total of 5.7 acres of invasive species affecting their
performance were treated under the Weeds, Inc. contract. As part of a separate
maintenance contract with Diamond Hill Inc., 66 sand filters and 1 sediment basin were
maintained. In December 2011 a stormwater pond contract was awarded to Grassbusters,
Inc.. Under this contract 16 BMPs in need of more major maintenance will be
maintained. The contract is scheduled to begin in spring 2012.

BMP Monitoring Program

DelDOT continues its BMP performance monitoring and assessment program.
This includes wet weather monitoring of stormwater outfalls and BMPs (both structural
and nonstructural), as well as chemical and biological monitoring of streams that are
impacted by stormwater discharges from DelDOT BMPs. In addition to the work
performed by KCI Technologies, DelDOT is also partnering with the University of
Delaware on BMP monitoring projects.

During calendar year 2011, DelDOT’s BMP_monitoring program included the
following projects. They are discussed in detail in of this report.

Performance and maintenance study of Delaware sand filters
Monitoring of biofiltration practices

Study of pollutant removal by grassed highway slide slopes
Stream turbidity measurements at construction sites
Monitoring of BMP outfalls at DelDOT maintenance facilities
Study of guardrail vegetation control alternatives

Study of the impacts of various mowing height practices
Study of new bioretention technologies to remove nutrients

N~ wWNE

TMDL Compliance

DelDOT has been proactive in developing plans and tools for compliance with
statewide TMDLs, in anticipation of both a new Phase | permit and future watershed
Pollution Control Strategies. The Department’s current activities in this area include the
following:

e Participation in the AASHTO Stormwater Management Community of
Practice (CoP), in which state DOT’s share information on emerging issues,
including TMDL compliance.



e Coordination with DNREC in development of new statewide stormwater
regulations, as well as training of DelDOT design staff and consultants on the
new design requirements.

e Assistance to DNREC in development of a Watershed Implementation Plan
(WIP) for the Chesapeake Bay TMDLSs.

e A BMP performance and assessment program to provide data on the
effectiveness of DelDOT’s BMPs in reducing pollutants targeted by TMDLSs.
This included studies of new technologies and approaches for achieving the
required reductions.

e Calculation of drainage areas for all DelIDOT-owned BMPs and major outfalls
in New Castle County.

e Collaboration with the DNREC Watershed Assessment Section on database,
monitoring and reporting needs and tools for TMDL models and WLA
compliance.

e Development of a pilot Water Quality Improvement Plan (WQIP) for the Pike
Creek watershed. This exercise on a smaller subwatershed is intended to give
the co-permittees to better understand the process and challenges of WQIP
development.

e Public education and outreach programs specifically designed to result in
reduction of nitrogen, phosphorus and bacteria loadings to waterways. The
Delaware Livable Lawns Program is a notable example.

Retrofits
Concluded Agreement 1412 with JMT completing the following tasks:
e Ham Run Stream Restoration — Final Design
e Blackbird Creek Stream Restoration — Conceptual Design
e Leatherman’s Run Scoping — Conceptual Design
e Harrington Maintenance Facility - Construction

Executed Agreement 1526 with Parsons Brinckerhoff (PB) to conduct the
following tasks:

e Chapman Vehicle Wash Area Retrofit

e Christiana High School Low Impact Development (LID) Design
e Leatherman’s Run Stream Restoration Design

e BMP Assessments and Retrofit

DelDOT initiated, worked on, and/or completed the following stormwater
retrofits in 2011:



1. Ham Run stream restoration: Restoration of approximately 500 LF of stream
using natural channel techniques, creating two wetland floodplains/stormwater
wetlands and creating a filter strip along Duncan Road prior to draining into the
relocated stream. In 2011, JMT completed final design plans, additional
hydraulic analysis to account for attenuation by floodplain creation and model
parapet impact, and the Environmental Compliance Plans. Due to the
environmental permits not being issued prior to the Marshallton Project being let
for bid, the design was turned over to DNREC’s Watershed Stewardship group
which will secure the permits and construct the stream restoration project.

2. Chapman Vehicle Wash Area Retrofit — In 2011 PB completed the design for the
Chapman maintenance facility. Improvements include replacing the existing sand
filter and Stormceptor treatment BMPs with a sediment basin. These
improvements were necessary because the two existing BMPs in series required
weekly maintenance due to high sediment loads from washing maintenance
vehicles and equipment. Construction of the new facility will begin in Spring
2012 and will be completed by maintenance staff.

3. Christiana High School Low Impact Development (LID) — In 2011 PB, completed
a conceptual design of LID storm water quality improvement facilities that could
be used to pre-treat stormwater runoff from the high school property adjacent to
the stretch of Leatherman’s Run that is planned for restoration. PB Americas will
begin work on the Preliminary Design Plans in 2012 with a completion Date of
December 2012 for final plans. The contract will be let for bid and constructed in
2013.

4. Leatherman’s Run Stream Restoration — In 2010, JMT worked on preparing
conceptual design for stream restoration BMP along Leatherman’s Run between
I-95 and Chapman Road. In 2011, PB reviewed the JMT conceptual design as
well as all available studies and stream assessments provided by the DelDOT
NPDES group and began preparing the preliminary design for the stream
restoration project. The stream reach to be restored is Leatherman’s Run between
Chapman Road and Interstate 95. The Final Design for the Project will be
completed in December 2012 with Construction beginning in Fall 2013,
permitting the appropriate environmental permits are in hand.

Construction Site Runoff

e Initiated performance evaluations of CCRs using an objective evaluation
form.

e Executed two agreements to have third party consultants perform CCR
inspections and reporting on DelDOT projects in lieu of contractors.
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Public Education and Outreach

DelDOT’s public education program includes the following accomplishments for
calendar year 2011:

Partnered with the Appoquinimink River Association to manage the Delaware
Livable Lawns program.

DelDOT is continuing the “Door hanger campaign” as an educational tool to
neighborhoods where illicit disposal are reported.

Executed Phase | (program roll out, workshops for contractors, website
development, how-to videos, certifying contractors) of the “Delaware Livable
Lawns” fertilizer reduction program.

Active participation in the newly formed Delaware Association for
Environmental Education.

DelDOT staff participated in the following public outreach events:

0 Delaware Rural Water Association — we exhibited our display
board and graphics and touch screen stormwater slide show;

0 Technology Students Association — served as judges on
environmental and engineering projects.

0 Delaware State Fair — we exhibited our display board and graphics
and touch screen stormwater quiz.
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Table A. FY 2011 budget.

FY 2012 Budget - Operational Money

VENDOR DESCRIPTION

Beginning Balance NPDES 2,070,000.00

Total Available 2,070,000.00

KCI
Agreement 1591, Task 1 431,550.97
Agreement 1354; through to end of FY12; $56,541.53
(Task 18) = $348,000 (Task 17); Task 18 to upset limit
under Agr. 1354 404,541.53
inspect newly approved BMPS (over 100)

Subtotal 836,092.50
Transfer of funds (2012 101 550470 93050

Canal District T047000277) 75,000.00
Transfer of funds (2012 101 550470 93060

Canal District T047000277) 50,000.00
Transfer of funds (2012 101 550470 93050

South District T047000279) 70,000.00

Subtotal 195,000.00
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3. Phase || NPDES

Subtotal 0.00
4. Sweepers
Sweeping disposal assistance to 0.00
North, Canal, & Central
Subtotal 0.00
5. Monitoring
KCI
Agreement 1495 561,000.00
turbidity monitoring 25,000.00
ISCO sampler & flow meters 5,000.00
Atlantic Coast Lab water quality lab fees 0.00
WEF & ASCE membership ($236.00 & $220.00) 436.00
Subtotal 591,436.00
6. Industrial Compliance and
Permitting
DNREC NOls 3,200.00
PIG spill kits and decks 500.00
Subtotal 3,700.00

7. Public Education




Appoquinimink River

Agr. 1478; public education/outreach; fertilizer education

Association campaign 34,367.97
Graphics & Printing For the following activities: 25,000.00

E&S manual $15,000

activity booklets

door hangers

residential brochure Del. Livable Lawns

tip cards; 13,000 for Partnership project in St. Jones

print scavenger hunt cards for Fair 2,000.00
2012 Harrington Fair

shirts = $604.88 (Cabelas and RWM); printing (passport

& pledge card) = $600.13); bird feeder = $19.44

(Walmart); laptop coolers & supplies= $128.44) Staples;

table runner = $322.62 (DIB); monitors = $1,541.92

(Infinite Corporate Solutions, Inc.); monitor cases =
Fair stuff $362.77 (BH Photo); 3,584.20
DIB public outreach 7,000.00

display and game (students); display design (Jules, Val,
U of Del. Sue) 15,000.00
Delaware Livable Lawnss rulers 1,418.00
DRWA annual dues 250.00
Partnership printing costs for Wilmington Earth Day 3,000.00
Subtotal 91,620.17
Whitman Requardt finish E & S manual 7,500.00

2,289.90




DWRA conference fee 250.00
WEFTEC registration 925.00
Occ. Safety Transfer of Funds 20,000.00
Subtotal 30,964.90
Office Depot office equipment 500.00
binders and tabs for annual reports 100.00
field manuals 200.00
Subtotal 800.00
Parsons Brinckerhoff Agreement 1526 194,756.13
Suntree replacement booms and units 2,000.00
add'l booms 2,000.00
Subtotal 198,756.13
Noxious/Invasive Roadside contract to treat stormwater
Weeds, Inc. BMPs 10,000.00
ACP International stormwater pond markers 2,020.00
Subtotal 12,020.00
Uof D guardrail study - experimental research for weed block 20,000.00
mowing study 24,300.00

Xi




Total expenses for Operational Money 2,049,814.70

Difference 20,185.30
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Table B. Projection of Work to be performed during Calendar Year 2012.

Storm Drain Inventory and Inspection

e Focus system inventory and inspection outside permitted boundaries in
Sussex County in an effort to complete the entire state.

e Inventory new storm drain systems associated with recently constructed
roadway improvement projects.

e Continue statewide annual BMP inspections.
e Make modifications, as necessary, to the NPDES map viewer.
e Update the Pipe Video Inspection Manual for GPS inventory location.

Monitoring
e Continue to enter BMP data into International Stormwater BMP database.

e Perform dry weather screening on newly inventoried outfalls and continue
to investigate potential illicit discharges as they are discovered or reported.

e Develop a more optimized, scientifically sound street sweeping plan for
New Castle County. Develop database and reporting tools needed to use
GPS data from sweepers for: (1) confirming compliance with Permit
sweeping requirements; and (2) calculating and reporting pollutant
reductions from this BMP.

e Target monitoring and research efforts to provide data needed for
compliance with TMDLs and the new Phase | permit.

e Monitor turbidity in discharges from one or more roadway construction
sites.

Pesticide, Herbicide and Fertilizer Program

e Continue to update the guardrail inventory used in development of a
pesticide reduction strategy; continuously review DelDOT projects for any
addition of guardrail or new end treatments.

e Continue guardrail research project with University of Delaware -
research pilot study to test several treatments under guardrail in
development of a pesticide reduction strategy.

e Purchase spill-decks for pesticide storage as needed.
e Purchase pesticide responder kits for spray vehicles as needed.

Construction Site Erosion and Sediment Controls

e Continue to implement revised Standard Specification 110, Erosion,
Sediment Control and Water Pollution. Modifications to this section
include:

0 Mandatory pre-construction meeting specifically to discuss E & S
controls.
0 Third party CCR conducting weekly E&S inspections.
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o0 Contractor responsible for fines if as a direct result of the
contractor's refusal to implement and maintain the required erosion
and sediment control, fails to supply a Site Reviewer, or fails to
routinely perform E&S inspections, complete the E & S Reports
and correct deficiencies identified in the E & S Reports.

o0 Annual CCR performance evaluations.

e Locate a suitable construction site and install turbidity meters for
continuous in-stream turbidity monitoring; develop a new task with KCI

Technologies to collect turbidity data at outfalls during wet weather events
on active construction sites.

Snow/lIce Program

e Utilize new technologies:

— Continue to equip new trucks with ground speed controls to reduce
salt application.

— Anti-icing application prior to snow/ice event to reduce overall salt
application.

— Pre-wetting salt with liquid de-icers to increase effectiveness of
salt.

— Continue to equip new trucks with plow balance valves on snow
plow blades to reduce road damage thereby reducing particles that
can enter waterways.

Drainage Program

e Financially support Districts for repair and maintenance of the storm drain
system in New Castle County.

e Continue to submit and repair work orders resulting from storm system
inspections; consultant will prioritize work orders before submitting to
Maximo.

Public Education, Outreach & Training

e Continue partnership with the Appoquinimink River Association in
development of education and outreach programs.

e Continue “Delaware Livable Lawns” project.

e Participate in outreach events: Delaware Rural Water Association
Conference and Delaware State Fair.

e Continue to serve on the Delaware Association for Environmental
Education (DAEE) board of directors and executive committee.

Staff training

e Develop and distribute stormwater pollution prevention bulletins to all
DelDOT maintenance yards on a semi-annual basis.
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Continue requiring new DelDOT maintenance staff to view stormwater
pollution videos.

Require DelDOT staff to annually view Spill Prevention Control and
Countermeasures (SPCC) videos.

Train DelDOT staff on the use of the NPDES stormwater system map
viewer.

BMP Inventory and Inspection Program

Execute stormwater BMP maintenance contract and complete by FY12.

Conduct annual inspections of DelDOT owned BMPs; generate work
orders as needed.

Identify stormwater pond maintenance needs resulting from annual
inspection as needing erosion control or sediment removal; develop and
award contract.

Treat noxious and invasive vegetation as needed using contractor services.

Retrofits

Complete Chapman maintenance facility stormwater retrofit.

Coordinate with Christiana High School on design and construction of
multiple LID projects.

Continue design of Leatherman’s Run stream restoration.

Maintenance Yards

Review and update Pollution Prevention Plans (PPPs) and Spill Prevention
Control and Countermeasures (SPCC) plans as necessary.

Continue quarterly wet and dry weather inspections and annual
inspections.

Continue semi-annual wet weather sampling of outfalls.

New NPDES Permit

Complete recommendations report for developing an effective public
education and outreach stormwater program to meet new NPDES permit
requirements.

Finalize Pike Creek pilot study in the development a Watershed
Implementation Plan.

Continue development of a statewide sweeping plan.

Develop tools and data needed for reporting progress toward meeting
TMDL reductions.

Begin work on developing a new Public Education and Outreach Plan.

XV



SWPP&MP Assessment

This section is an annual review of the current SWPP&MP. Program elements included
here describe substantive program improvements and recommendations for program
modifications.

DelDOT Work Orders on the Storm Sewer System

DelDOT’s inspection consultants report deficient components of the storm sewer system
for submittal into our work order system, Maximo. We recently added a feature in our NPDES
map viewer database that allows the user to highlight work orders so maintenance supervisors
can more efficiently plan daily work schedules for crews. If multiple work orders are in close
proximity, this simple feature will save on mobilization and MOT costs. We also added flow
direction arrows to pipes that aid users in tracking illicit discharges.

Best Management Practices (BMPs)

BMP Inspections

DelDOT and KCI Technologies revised the “Best Management Practices Field Inspection
Manual.” We use the manual to identify stormwater ponds in need of maintenance and contract
preparation. We then verify in the field the proposed maintenance/retrofit recommendations.

Some of our maintenance problems could be avoided and overall maintenance costs
reduced if we had a routine schedule for vegetation maintenance. We are working towards
developing an automatic work order generation in our Maximo database. A work order will
automatically be generated where the BMP resides so district staff can do annual
mowing/vegetation control. This will reduce more costly clearing and grubbing paid to a
contractor.

For BMPs inspected in 2010 that required maintenance work outside of routine
mowing/vegetation control, it was not re-inspected in 2011. This type of maintenance includes
erosion repair, sediment removal, regarding etc. These facilities have been placed on a
maintenance schedule for contracted maintenance or a work order was created for District
personnel to complete. Once the maintenance work is completed they will be included in the
annual BMP inspections.

Assessment of BMP Performance

We are continuing to assess what DelDOT’s most important BMP performance data
needs will be as we transition into a new Phase | permit. Important goals of the SWPP&MP
developed for the new permit will include compliance with TMDL waste load allocations
(WLAs) and development of Water Quality Improvement Plans (WQIPs) for two priority
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watersheds in the county. At this point we see a critical need for tools and/or models to: (a)
determine where additional stormwater treatment and controls are needed; (b) to calculate and
report MS4 pollutant loads and reductions; and (c) to determine strategies to achieve maximum
pollutant removal from runoff at minimal cost. We anticipate that the AASHTO stormwater
committee will be helpful in this respect, as many state DOTs are facing similar challenges, and
the situations and needs of DOTSs are different from those of counties and municipalities.

In prior years, our monitoring program has collected pollutant removal efficiency data for
a variety of Best Management Practices. A great deal of BMP performance data is now available
from similar efforts throughout the country. Therefore we have gradually transitioned the focus
of the DelDOT monitoring program towards assessment of the performance of “Green
Technology” BMPs, and newer BMP technologies that are likely to play a more important role in
the Department’s stormwater design toolbox. We also see a need to collect more quantitative
data on pollutant loads removed by maintenance practices such as street sweeping and storm
drain/pipe cleaning and have begun planning for new projects in this area. We intend to partner,
wherever possible, with other agencies and organizations on watershed monitoring programs.
The need for data is intense, and in these fiscally challenging times, cooperation and elimination
of duplicate efforts will be of particular importance to all stakeholders in the state.

Another important water quality issue that DelDOT may face in the near future is the
possible establishment of numeric turbidity limits on discharges from active construction
projects. In the past year we have begun to consider more closely how numeric effluent limits
would affect project designs, construction plans and costs, and it has become clear that this will
be a major challenge for the Department. Assessing impacts and costs has been particularly
difficult, because we currently have very little data on turbidity levels that are typical from linear
roadway construction projects in different areas of the state, even when all required E&S
controls are in place. Seeing a critical need for these data, we plan in 2012 to begin monitoring
turbidity in discharges from at least two construction sites (representing different soil types).
Then, if and when numeric effluent limits are implemented, we will have a better handle on what
the monitoring and compliance challenges are.

Pesticide, Herbicide, Fertilizer

DelDOT’s Roadside Environmental section manages PHF applications applied by
contractors and DelDOT staff. The NPDES Program has the responsibility to develop programs
and implement controls through training, policy changes resulting from research, development of
SOPs, education, etc. to reduce the pollutants associated with their application and to track trends
that can document anomalous spikes in usage or declines in usage due to implementation of
programs.

We have implemented several pesticide reduction programs as described below:

1. Guardrail pilot study — DelDOT currently treats approximately 310 miles of guardrail
with herbicide. We developed a program in conjunction with the University of
Delaware to investigate methods to reduce the use rates of pesticides and carriers
used to treat guardrail vegetation without compromising safety and aesthetics. We
selected and applied several treatment methods along several guardrail sections to
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compare the effectiveness, ease of implementation, aesthetics, cost and longevity.
Treatments included weed control barriers, low-growing vegetation and hand-cutting
existing vegetation. Herbicides will be used on treatment plots as a measure against
non-chemical treatments. Based on preliminary results, one commercial weed control
barrier treatment type will be eliminated from testing and two new seed mixes will be
added in 2012.

2. Guardrail inventory — Treating guardrail accounts for a significant percentage of
DelDOT’s herbicide treatment program. The NPDES Program saw guardrails as a
relatively simple way to reduce herbicide usage. Our consultant inventoried all
guardrails statewide and collected attribute data that included material under guardrail
and surrounding landscape and environmental features. We are looking for areas
where alternative treatment measures (e.g. hand control, weed barrier, low-grow
fescues) can be used in lieu of herbicides.

We have an agreement with a consultant to maintain and update this statewide
guardrail inventory. As we receive notification of new projects and review as-built
plans for the addition of new guardrail, a list is compiled and sent to our guardrail
consultant on a quarterly basis. This continuous process saves the department money
by not having to repeat the entire statewide inventory every several years.

3. Record keeping —We are continuing to keep records of herbicide quantities to
establish baseline herbicide usage ([Tables 5-1a and 5-1H). By tracking herbicide
guantities we hope to be able to identify the cause of spikes or declines in usage and
use the data to assess pesticide reduction programs we have implemented.

Construction Site Runoff

Erosion and sediment control at DelDOT construction sites falls under the purview of the
Division of Transportation Solutions (DOTS). However, the NPDES Program, through its
permit and consent decree, is responsible for ensuring E & S control compliance.

In 2011, DelDOT executed agreements with two consulting firms to conduct third party
erosion and sediment control construction inspections. The consultant has the authority to hire a
third party contractor, at the prime contractor’s expense, to correct E&S deficiencies if the prime
contractor refuses. This has resulted in more consistent and timely reporting.

Public Education

The NPDES Section contracts with non-profit organizations and university staff with
expertise in watershed management to assist with development of education and outreach
programs. The Appoquinimink River Association (ARA) and the University of Delaware, Water
Resource Agency, have specialties in watershed and water quality education. Partnering with
these organizations has proven to an effective means of expanding our limited staff resources in
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a cost effective manner. These organizations also are assisting us with meeting the new draft
NPDES permit requirements ahead of receiving the final draft.

As we have limited staff, our outreach efforts target large, multi-day events. In order to
maintain the public’s interest, we redesigned our display and touch screen game to promote the
Delaware Livable Lawns program as described in . We designed a ‘Livable Lawn’
model with native plants and reduced lawn theme partnered with an interactive landscape
challenge game. Expanding on this theme for 2012, we have been in discussion with University
of Delaware staff to develop a new interactive stormwater game as part of the student’s
curriculum. This targeted approach we believe may have a greater impact than offering a broad
array of stormwater education.

Dry weather screening and lllicit Discharge Elimination

Very few illicit connections have been found over the years through dry weather
screening. The majority of the illicit discharges or connections that actually have been
confirmed as such either were discovered either through routine MS4 maintenance inspections or
were reported to the NPDES Section by maintenance staff or the public. That pattern continued
through this year.

A dry weather screening program will be required in the new Phase | permit. We hope to
be able to develop an IDDE program that is effective and efficient. At a minimum, an assessment
of patterns (if any) in past issues that were investigated may help us target screening efforts to
areas or communities with the most potential for problems.
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1. MS4 Structural Controls

Requirement:

DelDOT shall operate and maintain the MS4 and any structural controls incorporated into
the system to reduce the discharge of pollutants (including floatables) to the maximum extent
practicable as described in the Application page iv-6, Part 5 (iv) Al, Permit page 5, Part I1.A.1.
and Consent Decree page 11, Part 11 17.

Performance:

A. Stormwater Conveyance Systems

The NPDES Section uses consultant services to inventory and inspect the entire DelDOT-
owned system. From these inspections, work orders are generated for repair or maintenance.

DelDOT uses in-house forces and contractors to maintain its stormwater conveyance system.
Drainage Maintenance Contracts

DelDOT uses district maintenance personnel and contractors to maintain the stormwater
conveyance system in New Castle County. This work insures the proper operation of the
stormwater system and will reduce the pollutants that are carried to waterways. Each of the two
districts in New Castle County (North and Canal) has its own drainage contract with an annual
budget of $1 million. As necessary, the NPDES Program adds additional money to drainage
contracts to repair and maintain the storm sewer system.

This work has three components, (1) open system drainage, (2) closed system drainage,
and (3) ponding problems. The open drainage system represents general work to control erosion
and cleaning and reshaping of ditches. The stabilization of ditches reduces the amount of
sediment that enters the local stream and waterways. Closed drainage represents the
underground system that includes pipes, manholes, inlets, catch basins and outfalls.
Maintenance includes repairs on misaligned or deteriorating pipes, deteriorating catch basins,
sink holes, clogged pipes, etc. Drainage problems reported by citizen complaints are also
programmed into the drainage contract.

Storm Sewer System Inventory and Inspection

For the final year of Agreement 1354, DelDOT focused on completing Kent County
Initial Inventory and Inspection work by the end of 2011. Kent County was 99% complete by
year’s end.

DelDOT executed Agreement #1591 with KCI Technologies on November 29, 2011 for a
three year term to continue the inventory and inspection program. We will be focusing this 3-
year agreement’s efforts on completing Sussex County while adding a crew in New Castle
County to inventory new storm drain systems associated with recently constructed roadway
improvement projects. KCI will be implementing a new process for inventorying and inspecting
these recently accepted subdivision streets and storm drain systems. Once subdivision streets
(and storm drain systems) are accepted by DelDOT, there is three-year warranty period, whereby
the developer is responsible for maintenance of the street and storm drain systems. KCI will aim
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to inventory and inspect these storm drain systems during the 31 year of the warranty to help
ensure that these systems are in good condition when the warranty period ends. This work
includes drainage inlets, manholes, associated piping, stream channels, ditches, pipes and storm
drains, and identifying which drainage inlets function as catch basins. As part of this contract, a
comprehensive GIS database was developed that enables users to view the entire stormwater
system, corresponding inspection data and pictures.

The following bulleted list describes the current status of the agreement for calendar year
2011:

e Inventoried and inspected 11 subdivisions and 376.5 miles of non-subdivision
roadways inspecting 20,149 structures in Kent and Sussex Counties.

e KCI completed the annual inspection of 224* BMPs.

e Conducted NPDES map viewer training to 67 DelDOT maintenance, design and
survey staff.

e  Submitted 742 (473 in NCCo.) work orders.

Please refer to Appendix A for a summary report prepared by KCI Technologies on the
Storm Drain Inventory/Inspection Project.

Work Orders

Work orders are generated when DelDOT staff or their consultant determines if repair or
maintenance is required. A work order is created and entered into Maximo, DelDOT’s work
order database. They are ranked on scale of 1-5 depending on the severity of the problem.
Maintenance supervisors then review and determine if the work order will be completed by
DelDOT personnel or contractors.

The NPDES section and the Districts met with KCI in early 2009 to develop consistency
in ranking. In 2011, KCI documented 742 storm system deficiencies resulting in Maximo work
orders. In 2011, the district maintenance yards completed 170 (157 in NCCo.) work orders that
were generated during the MS4 inventory and inspections. A total of 411 (357 in NCCo.) work
orders were deemed low priority (no impact on safety or the environment) and placed on a watch
list.

B. Stormwater Collection and Conveyance Complaint System

The Governors Surface Water Task Force recommended that an assistance program be
created to aid each individual with his/her unique drainage or stormwater issue. Once an
individual’s information has been logged into the system the concern will automatically be
forwarded to the proper agency. This program has a telephone number and email address to
allow individuals to express their concerns (see Annual Report 2007, Figure 1-1). This provides
one central point of contact when seeking solutions to the public’s concerns.

When a complaint is called directly into DelDOT, information is gathered that includes
location, problem, caller’s name and phone number, etc. Once the information is documented, a
work order request is generated and entered into DelDOT’s Maximo database system. The

! BMPs with an existing work order were not inspected.
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complaint is investigated and the Operations Supervisor determines what type of repair is
necessary. The work is assigned to the appropriate Maintenance District for repair. If no work is
needed (no problem found during investigation) a courtesy call is returned to the complainant
and the results of the investigation are explained.

C. Maintenance Inspection of Completed Stormwater Facilities

DelDOT has an annual requirement to inspect its constructed best management practice
(BMP) devices, structures and stormwater management facilities (Appendix B).

The purpose of this statewide program is to: (1) inventory, inspect, measure water
quality performance, identify noxious and/or invasive species and maintain functionality of
DelDOT’s stormwater BMPs such as stormwater ponds, sand filters, bioinfiltration trenches, etc.,
(2) maintain a comprehensive database, (3) coordinate with the Districts on the submittal of work
orders as needed, and (4) provide technical assistance and guidance to the Department regarding
appropriate maintenance strategies for stormwater BMPs.

A field inspection manual and forms were developed to effectively perform field
inspections to evaluate BMP performance and identify maintenance requirements. The
procedures outlined in this manual assist DelDOT with decisions on inspection, maintenance,
repair, and retrofit of BMP facilities. As of December 2011 there have been 416 BMPs
inventoried and inspected. Please refer to Appendix B for a list of all DelIDOT owned facilities.

Overall performance and functionality are graded A-D. describes the 2011
rating summary by each maintenance district. 98% of the BMPs we inspected in 2011 have an A
or B rating compared to 93% in 2010.

Table 1-1. 2011 BMP Inspection Ratings Summary.

BMP TYPE TOTALNO. | A B C D
NORTH DISTRICT 68 29 36 3 0
CANAL DISTRICT 84 22 61 1 0

CENTRAL DISTRICT 22 8 14 0 0
SOUTH DISTRICT 50 35 15 0 0

TOTAL NO. 224 94 126 4 0

1 BMPs with existing work orders or on contract for maintenance were not re-inspected in 2011.

BMPs are evaluated and placed on contract for maintenance as needed and as money
permits. Maintenance functions are performed either by the Districts or through general
contractors, contractors specializing in noxious and invasive species control, or maintenance of
specific manufactured BMP types. Noxious and invasive species are managed either through
Roadside Environmental or District staff, or placed under contract with Weeds, Inc. In 2011 a
total of 64 BMPs which had a total of 5.7 acres of invasive species affecting their performance
were treated.



In addition to the BMPs identified for noxious and invasive species, DelDOT identified
stormwater BMPs in need of major maintenance. In 2011 there were 196 BMPs identified as
requiring maintenance. A sand filter maintenance contract and stormwater pond contract were
developed in order to improve the ratings of several of these BMP’s as detailed in the next
section.

Stormwater BMP Contracts

In 2011 we executed a contract to conduct maintenance repairs on all sand filter facilities
statewide. The contract included maintenance of the sediment chambers of 63 sand filter BMPs
and complete maintenance of the sediment and sand chambers of 3 sand filter BMPs. Total
expenditure was $58,459.89 ([Table 1-7).

Per the Delaware sand Filter Study conducted from 2006-2011 by KCI Technologies,
(Appendix G), new maintenance schedules for the Sand Filters were developed to determine the
best frequency to achieve pollutant removal while decreasing maintenance costs. The study
found that routine bi-annual maintenance of the sediment chambers and more frequent
maintenance for the first sand filter in the series can reduce maintenance frequency of the sand
chambers to once every 10-15 years.

In November 2011 a BMP maintenance contract was let for bid. The contract includes
major repair/maintenance of 16 BMPs in New Castle County. The repairs include sediment
excavation, slope stabilization, clearing and grubbing, upgrades to outlet structures, forebay and
swale reconstruction, etc. We selected C and D rated BMPs with the goal of improving their
rating to A. The bid price for the contract was $493,294.

In addition to the BMP maintenance contract, work orders for other C-rated BMPs that
do not require extensive maintenance were created and will be loaded to the Maximo Work
Order system for completion by the Districts in 2012,

D. BMP Performance Monitoring and Assessment

The NPDES permit requires DelDOT to monitor the performance of existing stormwater
structural controls and BMPs. During calendar year 2011, DelDOT’s BMP monitoring program
included the following projects:

Performance and maintenance study of Delaware sand filters
Monitoring of biofiltration practices

Study of pollutant removal by grassed highway slide slopes
Stream turbidity measurements at construction sites
Monitoring of BMP outfalls at DelDOT maintenance facilities
Study of guardrail vegetation control alternatives

Study of the impacts of various mowing height practices
Study of new bioretention technologles to remove nutrients

See Section 13 (“Monitoring”) and [Section 16 (“Pollution Prevention at the Maintenance
Facilities”) of this report for a full description of each of these projects and monitoring results.
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E. Bridge Maintenance

DelDOT’s Bridge Division is federally mandated and follows the Code of Federal
Regulations (23 CFR 650.3). DelDOT normally inspects bridges every 24 months or less
depending on condition. If a bridge is in a degraded condition, inspection will occur more
frequently. Inspectors use a “Structure Inventory and Appraisal Sheet” (see Annual Report
2001, Volume 3, Appendix D) found in the “Recording and Coding Guide for the Structure,
Inventory and Appraisal of the Nation’s Bridges.” The structural integrity of the bridge is
evaluated on a scale of 0-9, where a score of O describes a failed condition. If repairs are
necessary a report is sent to the appropriate Maintenance District where a work order is
generated for the repair. Channel and Channel Protection is Item #61 on DelDOT’s "Structure
Inventory and Appraisal Sheet.” This item describes the physical conditions associated with
flow of water through the bridge such as stream stability and the condition of the channel, riprap,
slope protection, etc. The inspector assesses visible signs of excessive water velocity that may
affect undermining of slope protection, erosion of banks, and realignment of the stream.
Accumulation of drift and debris on the superstructure and substructure is noted on the appraisal
sheet. Item 61 is coded on a scale of 0 to 9. Coding of zero means that the bridge is closed due
to channel failure and code 9 means that there are no noticeable deficiencies that affect the
condition of the channel. Stream channels are inspected when the bridges are inspected at the
same two- year interval.



Table 1-2. 2011 BMP Maintenance.

Diamond Hill Inc., Contract T201073002.02;

52, 54-71 Sand Filter | Excess Sediment Sediment Chamber Cleaning Jul-11 | $28,257.45
Diamond Hill Inc., Contract T201073002.02;

72 Sand Filter | Excess Sediment Sediment & Sand Chamber Cleaning Jul-11 | $6,530.82
Diamond Hill Inc., Contract T201073002.02;

73, 364-370 | Sand Filter | Excess Sediment Sediment Chamber Cleaning Jul-11 $3622.75
Diamond Hill Inc., Contract T201073002.02;

371 Sand Filter | Excess Sediment Sediment & Sand Chamber Cleaning Jul-11 $593.71
Diamond Hill Inc., Contract T201073002.02;

372 Sand Filter | Excess Sediment Sediment Chamber Cleaning Jul-11 $241.52
Diamond Hill Inc., Contract T201073002.02;

373 Sand Filter | Excess Sediment Sediment & Sand Chamber Cleaning Aug-11 | $1,187.42
Diamond Hill Inc., Contract T201073002.02;

374-397 Sand Filter | Excess Sediment Sediment Chamber Cleaning Aug-11 | $7,728.53
Diamond Hill Inc., Contract T201073002.02;

421-430 Sand Filter | Excess Sediment Sediment Chamber Cleaning Aug-11 | $3,864.27
Diamond Hill Inc., Contract T201073002.02;

176 Sand Filter | Excess Sediment Sediment & Sand Chamber Cleaning Aug-11 | $1,075.47
Sediment Diamond Hill Inc., Contract T201073002.02;

168 Basin Excess Sediment Dewatering and removal of sediment Sep-11 | $5,357.95

$58,459.89
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2. New Development and Significant Redevelopment

Requirement: DelDOT shall utilize a comprehensive master planning process to develop,
implement, and enforce controls to reduce the discharge of pollutants from areas of new
development and significant redevelopment. DelDOT shall review watershed assessment
reports, relevant wasteload allocations, Total Maximum Daily Load (TMDL), or Pollution
Control Strategies and develop a schedule for maintenance or retrofit of structural controls.
DelDOT shall assess the water quality impacts of its existing and ongoing development planning
activities. DelDOT shall construct and implement BMPs necessary to protect water quality.
Additionally, DelDOT shall budget at least $150,000 per year for storm water management
retrofit projects as described in the Application page iv-15, Part 5 (iv) A2, Permit page 7, Part
I1.A.2. and Consent Decree page 16, Part 11 18.

Performance:

A. Assessment and Planning

e DelDOT has adopted Mobility Friendly Design Standards (see Annual Report 2001, Volume
3, Appendix F) for subdivision and minor collector Subdivision Street. These standards,
among other things, are roadway design standards that promote low-impact development
strategies such as landscaped areas and narrower pavement widths that support the Statewide
Long Range Transportation Plan.

e DelDOT’s Planning Section considers water quality when it completes a Categorical
Exclusion Evaluation (CEE) report when reviewing new projects.

e DelDOT is a delegated agency under DNREC’s State of Delaware Erosion and Sediment
Control Program for land disturbance greater than 5000 sq. ft.

e DelDOT’s Subdivision Manual regulates development in Delaware that will be turned over
for State Maintenance. Before a subdivision is accepted, a DelDOT Inspector inspects the
structural integrity of the stormwater system and the pipes are scoped using Closed Circuit
Television. If defects are discovered the contractor is responsible for repairs. This ensures
the structure is free of defects, joints are watertight, pipes are sediment free, etc.

e Advancements in technology have aided DelDOT’s snow fighting practices. Improvements
were initiated that achieve DelDOT’s objectives of increasing our level of service,
establishing more cost effective and efficient practices and overall salt reduction that reduces
the impact on the environment and infrastructure. Snow and ice removal strategies include
ground speed spreader controls, anti-icing, pre-wetting, brine production, and plow balance
valves.

e As part of Enhancing Delaware Highways, DelDOT has reduced mowing along roadsides.
This has several positive effects: reduction of grass clipping entering the storm drain;
filtering of stormwater from roadways before it enters the storm drain; aesthetic
enhancement; reduced maintenance hazards; and diverts budget resources for higher priority
needs. Additionally, DelDOT developed a mowing Standard Operating Procedure.



e DelDOT developed a two-part Establishment and Maintenance manual. The Manual
explains in detail the necessary steps to establish sustainable roadside vegetation, and
manage that vegetation in an environmentally sound, aesthetically pleasing, and fiscally
responsible manner. The second part of the manual, Managing Vegetation, describes
strategies to minimize the use of pesticides and develop alternative control methods as
specified by the NPDES permit. The manual can be viewed at:

(http://deldot.gov/information/pubs forms/manuals/edh/index em.shtml).

B. Retrofit

Per the Consent Decree, DelDOT is required to budget $150,000 per year for stormwater
retrofits. In calendar year 2011, DelDOT expended $70,817.11 towards its NPDES retrofit
program. Table 2-1 summarizes total costs incurred for design and construction of retrofits from
2001 — 2011. This total amounts to $2,987,618.81.

Projects in 2011 include:

Blackbird Creek - DelDOT is working with DNREC on this project consisting of
preparing a full plan design for restoration of a main tributary and three (3) tributary branches to
Blackbird Creek using natural channel techniques and creation of a wetland floodplain and
protect DelDOT’s road. To protect the integrity of Blackbird Landing Road, DelDOT has agreed
to stabilize the areas immediately adjacent to the creek prior to beginning any stream restoration.
JMT completed conceptual plans and submitted to DNREC partners.

Harrington maintenance facility vehicle wash retrofit — The replacement of the existing
dry pond with a wet pond, biofiltration swales and forebay was designed to improve water
quality and decrease pollutants from normal operations from reaching waters of the US. In
addition to the stormwater BMPs a new vehicle wash pad with sediment screen for pretreatment
was constructed. Construction of the new facilities began in 2010 and was completed and
accepted in January 2011. Improvements include replacing the existing dry pond with a wet pond
and forebay, creating bioswales and a concrete wash pad. The project was advertised for
construction in January 2010 and completed January 2011.

Ham Run — In 2011, JMT completed the final plans for the channel restoration portion of
the Contract. In order to allow the culvert and parapet work to be completed as part of an
adjacent Transportation Enhancement Project, the channel restoration portion of the Contract
was split from the contract until the necessary permits were obtained. The channel restoration
design was turned over to the Department of Natural Resources and Environmental Control
(DNREC) and they will proceed with letting the project for Construction. DNREC plans to
receive their Army Corps Permit in Spring 2012 and begin construction once received.

Chapman Vehicle Wash Area Retrofit — In 2011 Parsons Brinckerhoff (PB), the NPDES
Sections design engineering firm completed the design for the Chapman maintenance facility.
Improvements include replacing the existing sand filter and Stormceptor treatment BMPs with a
sediment basin. These improvements were necessary because the two existing BMPs in series
required weekly maintenance due to high sediment loads from washing maintenance vehicle s
and equipment. The new sediment basin will be lined with articulated block on the bottom and
soil confinement slope protection along the banks for ease of maintenance. The new BMP should


http://deldot.gov/information/pubs_forms/manuals/edh/index_em.shtml

require monthly maintenance and can be completed with on-site equipment. Construction of the
new facility will begin in Spring 2012 and will be completed by maintenance staff.

Leatherman’s Run Retrofit — In 2011 Parsons Brinckerhoff (PB) collected and reviewed
all available studies provided by the DelDOT NPDES group including but not limited to BMP
retrofit recommendation reports, stream assessments, watershed studies, conceptual designs and
all available hydrologic, hydraulic, geomorphic, benthic, lentic and pollutant assessment and/or
monitoring information to provide retrofit recommendations. Following review of this
information, site visits where conducted for selected sites. In 2011, PB Americas performed an
extensive enough review to begin work on preparing the preliminary design for the stream
restoration BMP along Leatherman’s Run between 1-95 and Chapman Road.

Christiana High School Low Impact Development (LID) — In 2011 PB, completed a
conceptual design of LID storm water quality improvement facilities that could be used to pre-
treat stormwater runoff from the high school property adjacent to the stretch of Leatherman’s
Run that is planned for restoration. In addition to the benefits of pre-treatment this project will
also be used to meet our public education and outreach goals by educating and involving the
students and local residents in the purpose of the project as well as participating in the
landscaping planning and design. PB Americas will begin work on the Preliminary Design Plans
in 2012,



Table 2-1. Cost Summary for DelDOT Retrofits, 2001 — 2011.

Project
Desjign/Construction 2001 2002 2003 2004 2005
Retrofit Design Cost $ 82,000.00 $1,775.00 $ 86,315.00 $ 51,510.00 $104,000.00
SR 273/SR7 Park & Ride sandfilter | $ 90,000.00
I-95 Service Plaza:
Bio-retenti0n/SandfiIter/StormfiIter $411,000.00

- Baysaver $165,000.00
Storm drain inserts $ 33,000.00 $ 90,000.00 $ 20,024.00
Appoquinimink River retrofit
inventory $ 10,000.00
Bear mai_ntenance facility
construction
Leatherman's Run retrofit planning $ 5,792.33 $ 32,798.45 $ 52,838.63
TOTAL COST $172,000.00 $1,775.00 $125,107.33 $595,308.45 $341,862.63




Table 2-1 (cont.). Cost Summary for DelDOT Retrofits, 2001 — 2011.

Project

Design/Construction 2006 2007 2008 2009 2010 2011
Retrofit Design Cost $ 97,481.47 $ 27,253.18 | $167,695.61 $ 6344778 | $ 44,834.12 | $ 33,017.11
Storm drain inserts $ 6,710.00 | $ 5,958.83

Bear maintenance facility

construction $531,702.14

Middletown maintenance facility

construction $ 292,983.35

Leatherman's Run retrofit planning $ 48,952.93 | $ 54,811.88 $ 52,011.30

Harrington maintenance facility

design $ 138,517.17

Harrington Maintenance Yard

Stormwater Retrofit — Construction $ 148,388.53 | $ 37,800.00
TOTAL COST $678,136.54 | $ 82,065.06 | $167,695.61 | $553,669.60 | $199,181.48 | $ 70,817.11




3. Roadways

Requirement: DelDOT shall operate and maintain public streets, roads, and highways, in such a
manner as to reduce, to the maximum extent practicable, the discharge of pollutants as described
in the Application page iv-30, Part 5(iv) A3, Permit page 7, Part I11.A.5. and Consent Decree page
18, Part Il 19.

Performance:

The following programs described below are ways the Department manages and
minimizes transport of pollutants associated with road repair and maintenance activities:

A. Road Repair and Maintenance

There are various ways in which the Department maintains the roadways that help reduce
the discharge of pollutants. Routine maintenance and improvements reduce the pollutants
coming from the roadway in several ways. The patching of potholes and sealing of cracks
reduces the amount of pavement that will break away and be transported into the nearest
waterway. Repairing potholes will also decrease the wear and tear on vehicles, thus reducing the
fluids, miscellaneous sediments, and tire particles that could be dislodged from vehicles.

All road projects are required to follow the Delaware Sediment and Stormwater
Regulations. Projects designated as minor, medium or major shall have an approved sediment
and stormwater management plan. Medium and major projects must also have a site reviewer
who is a Certified Construction Reviewer (CCR).

B. Spills on Roadways

DelDOT follows the manual of Standard Operating Procedures developed for responding
and managing spills on the roadways classified as Category E, Type E-1 incidents (Traffic
Hazards, Fuel, Oil or other HAZMAT spills on or near the roadway). Most DelDOT vehicles
have been equipped with spill kits in the event of an accidental spill or as a first responder to a
vehicle accident; employees have been trained how to respond to spills and protection of water
quality.

C. Sweeping Program

DelDOT’s street sweeping program reduces pollutants by maintaining the cleanliness of
the roadway. The sweeping program includes the roadways, shoulder, intersections, and toll
plaza lanes on interstates, arterials, collector and local roads and requires roadways to be swept
on the following cycle: roads with ADT (Average Daily Traffic) greater than 20,000 are swept 4
times a year, roads with ADT between 5,000 and 20,000 are swept 2 times a year and roads with
ADT less than 5,000 are swept once a year. The current fleet of sweepers in New Castle County
consists of 9 mechanical sweepers and 11 regenerative air vacuum sweepers. Based on Maximo
records, we are meeting the 4:2:1 sweeping frequency requirement (see [Table 3-1)).



Table 3-1. New Castle County street sweeping miles by road type.

Permit
New Castle County Required Actual
Roadway Sweeper Interstate/Expressways  Arterials Collector Local Sweeping Miles
Miles (4X/year) (2X/year)  (2X/year) (1X/year) Miles Swept
Total Curb Miles 160 778 700 3495 7091 7393

In an effort to meet the draft NPDES permit requirements for street sweeping, DelDOT
has tasked KCI Technologies to assist with developing an optimum science-based sweeping
strategy for pollutant removal. This plan will accomplish the following:

e Prioritize roads to be swept, based on optimum water quality benefits with
consideration of curbed roads (closed drainage), Average Daily Traffic,
Industrial/Commercial or other hotspots, tree canopy

e Develop a roadway sweeping frequency plan for use by the Districts
e Provide a cost analysis
e Equipment requirements

The first step in this process has been completed which resulted in a literature search
concentrating on questions formulated by DelDOT and KCI. A draft plan is due in Spring 2012.

DelDOT’s draft NPDES permit requires DelDOT to quantify the expected pollutant load
reductions from all controls (e.g. sweeping) to meet the TMDL (Total Maximum Daily Load)
and Waste Load Allocation goals. To help meet this requirement, DelDOT’s Equipment
Management Section has begun installing GPS units in sweepers to pilot a study to:

1. Track sweeper routes to ensure the required sweeping frequency on primary, secondary,
and tertiary roads is met per the SWMP;

2. Obtain estimates of pollutant load reductions resulting from sweeping to meet the TMDL
and WLA goals as required by the NPDES permit.

D. Litter Control Programs
DelDOT maintenance staff and prison crews

DelDOT’s maintenance staff and prison crews help reduce the discharge of floatables to
the MS4 through routine pick up of trash and debris from the roadways, medians and right-of-
way. DelDOT staff is also responsible for removal of dead animals and clean up of illegal dump
sites from the roadside.

Adopt-a-Highway

Adopt-a-Highway is a cooperative program between DelDOT’s Division of Public
Relations and volunteers to reduce litter along State roadways and subsequent discharge to
waters of the State. This program supplements effort by DelDOT’s maintenance forces to
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control litter. The volunteer groups are required to collect litter a minimum of twice per year and
submit activity reports following each cleanup for inclusion in the program. Each group
maintains approximately two miles of roadway. DelDOT maintains an Adopt-a-Highway
website (www.deldot.gov) and submits press releases to solicit volunteers. There are currently
849 volunteer groups statewide (75 added in 2011) maintaining 1,698 lane miles. There are 272
groups in New Castle County who collected 1,971 bags of trash.

Roadside Clean-up

DelDOT held its seventh annual “Imagine a Litter Free Delaware” cleanup day along
roads, highways and community areas in October 2011.

TrashStoppers

DNREC’s campaign is an outward appeal to the public for help in stopping illegal trash
dumping along Delaware roadways to stop illegal dumping of garbage, debris, and hazardous
wastes.

The “TrashStoppers” program relies upon the placement of numerous surveillance
cameras. Since the surveillance cameras were deployed in 2009, 14 arrests have been made on
16 illegal dumping charges, all resulting in convictions with guilty pleas.

E. Snow and Ice Program

Effective salt management practices can help reduce the amount of road salt that enters
the environment. This translates into savings for DelDOT, protection against liability, and
minimization of impacts of salt on our environment. DelDOT has many practices in place, both
for the roadway and all maintenance facilities.

DelDOT has developed and instituted advanced snow fighting practices that began during
the 2004-2005 winter season to include ground speed spreader controls, anti-icing, pre-wetting,
and plow balance valves. These advanced techniques in snow and ice removal help DelDOT
meet its goal of improved service to customers, reduce the impact to the infrastructure, and
conserve salt which helps meet the goals of the NPDES Program by reducing the impact on the
environment:

e Ground speed spreader controls provide accurate control of material usage.

e Anti-icing is the application of liquid deicers (Salt Brine) to road surfaces prior to a
precipitation event to prevent the formation or development of bonded snow and ice. The
Department uses 6000 gallon tanker trucks and 1300- and 1800-gallon capacity units that
slide into the bed of a dump truck.

e Pre-wetting adds moisture to salt to “jump start” the melting action of the salt and causes
the salt to stick to the road and prevent scatter or bouncing.

e Plow balance valves decreases the amount of weight that the plow cutting edge bears on
the road surface decreasing damage to the road surface.

Salt application rates can vary depending on storm conditions, but the goal is 100 - 400
pounds of salt per lane mile as recommended by AASHTO. The rate is achieved by calibrating
the equipment annually and sending maintenance personnel to a one-day seminar provided by



The Salt Institute. The seminar instructs on proper salt application procedures and quantities
balanced with safety and environment.

All salt stored at the maintenance facilities is under roof. Only during loading and
unloading does the potential exist for salt to enter the stormwater system. DelDOT is following
the salt management practices established by the “Statewide Salt Best Management Practices for
DelDOT Maintenance Yards” plan developed for area maintenance facilities (see Annual Report
2004, Appendix U).



4. Flood Management

Requirement: DelDOT shall assess and minimize to the maximum extent practicable, the
impacts of any flood control projects on receiving water quality as describe in the Application
page iv-38, Part 5(iv) A4, Permit page 7, Part I1.A.4. and Consent Decree page 19, Part 11 20.

Performance: DelDOT does not have a regional flood control program and does not undertake
flood control projects. DelDOT’s only responsibility is maintenance of existing tide gates and
mill pond outfalls. Should DelDOT become involved in any flood control project in the future,
consideration will be given to incorporating water quality control measures.



5. Pesticides, Herbicides and Fertilizers

Requirement: DelDOT shall implement controls to reduce, to the maximum extent
practicable, the discharge of pollutants related to the application of pesticides, herbicides,
and fertilizers by the co-permittee’s employees or contractors to public rights of way,
parks, and other municipal property or facilities. In addition, the co-permittees shall
implement programs to encourage reductions in the discharge of pollutants associated
with the commercial application and distribution of pesticides, herbicides and fertilizers
as described in the Application page iv-45, Part 5(iv) A6, Permit page 7, Part 11A.5. and
Consent Decree page 19, Part 11 21.

Performance:

All herbicide applications that are applied to DelDOT rights-of-way by contract
applicators are reviewed prior to the award to the lowest bidder to insure that selected
herbicides are labeled for the intended use, and that when feasible, a herbicide is selected
that can be applied at a low-use rate. This review frequently reduces the total load of
herbicide applied to DelDOT’s rights-of-way.

DelDOT does not routinely fertilize its roadsides. The only nutrients applied to
DelDOT’s rights-of-way come as a result of leaving grass clippings on the ground after
mowing. Degradation of this vegetative material results in the slow release of organic
constituents that are mineralized to plant nutrients by microorganisms and subsequently
available to turfgrasses. This natural process results in minimal leaching of nutrients.
Also this practice results in minimal surface runoff of nutrients from ground with a slope
of 3 horizontal to 1 vertical or less.

Fertilizers are used in establishing turfgrasses from seed on freshly prepared bare
ground. This is generally done under contract with a firm using a hydroseeder.
DelDOT’s specifications require that 50% of the nitrogen product be a slow release form
of ureaformaldehyde. The amount of nitrogen applied is 78 kg/ha. Phosphorous
pentoxide is applied at 47 kg/ha of available P that is the sum of water soluble and
citrate-soluble phosphate. Potassium oxide is applied at 31kg/ha of water soluble potash.
In all cases areas that are seeded are covered with a recommended muich.

Pesticides applied on DelDOT’s rights-of-way are done according to label
recommendations that are on the product and filed with EPA at the time of product
registration. Pesticides applied on DelDOT’s rights-of-way are done by contractors that
are certified Delaware pesticide applicators. DelDOT employees that apply pesticides to
DelDOT’s rights-of-way are certified Delaware pesticide applicators or work under the
supervision of a DelDOT employee that is a certified Delaware pesticide applicator.
Typically, the only pesticides applied by DelDOT fall under the category of herbicides.
DelDOT, however, may use other pesticides such as insecticides under certain
circumstances.

DelDOT employees take required training courses that serve as credit toward
renewal of their Delaware pesticide applicators license. Roadside Environmental
Specialists attend conferences and working sessions on pest control technologies that are
open to all DOT employees. Opportunities to use reduced amount of pesticides by using



new low rate pesticides, adjuvants or surfactants that can enhance efficacy of pesticides
and thus reduce rate, or alternatives to chemicals that are cost effective and efficacious
are often topics of various sessions these specialists attend.

We began implementing several programmatic initiatives as part of the NPDES
pesticide reduction strategy:

1. Guardrail Inventory — DelDOT has the responsibility of maintaining a 4’ clear
zone around the guardrail for both public safety and structural integrity via
mowing, hand trimming and herbicides. We executed an agreement with Wallace
Montgomery & Associates, LLP in May 2008 to inventory all guardrails
statewide. The project was completed in June 2009 and inventoried 310 guardrail
miles. Attributes collected included material under guardrail, guardrail type,
surrounding environmental features and identification of sensitive/no spray zones.
The inventory and attributes collected will be used in development of a pesticide
reduction strategy to limit the wuse of herbicides, particularly around
environmental sensitive areas (e.g. streams, wetlands, drinking supply, etc.).
Since DelDOT is continually upgrading, replacing, or adding new guardrail, we
are developing a new agreement to update and maintain DelDOT’s existing
guardrail inventory database. The consultant will compile a field-verified
inventory of the new and modified guardrail sections on all DelDOT-maintained
roadways in Delaware, to include GPS location data for the beginning and end of
each section. At least twice per year, DelDOT’s NPDES Section will provide
information to the consultant on the locations of new guardrail installations.
These will be integrated into the existing guardrail inventory database.

2. Guardrail Vegetation Management pilot study — DelDOT and the University of
Delaware developed a controlled research study to test the effectiveness of
treatment types under guardrail for weed control. Two types of weed block
material, asphalt, low-grow fescue and natural growth with periodic trimming will
be monitored against a control. The results of this study will determine if these
materials are effective at reducing herbicide application and can be used in
specific locations such as environmental sensitive areas and drinking water supply
reservoirs. We have extended this study through at least the next growing season
to collect additional data on weed block materials and to test new plots of zoysia
grass. A detailed summary report is found in of this report.

3. Training — In addition to the required training for pesticide license renewal,
DelDOT holds or attends periodic training to further educate staff. In 2011,
DelDOT Roadside Environmental staff attended two workshops.

4. Record keeping and pesticide usage — Contractors and DelDOT applicators are
required to submit records of spraying activities to DelDOT’s Environmental
Roadside Section. The NPDES Program has begun tracking and reporting
herbicide quantities to establish baseline herbicide usage. By tracking herbicide
quantities we will be able to identify the cause of spikes or declines in usage and
use the data to assess pesticide reduction programs we have implemented.
Gallons used and acres treated are provided in summary [Tables 5-1a and 5-1H).
See for detailed chemical types by treatment parameter.




Table 5-1a. 2009-2011 Contractor Herbicide Spray Totals for New Castle County.

Guardrail, Islands, Signposts — *Includes SR1 in Kent County

Year Rate Gallons Used Acres Treated
2009 87.5 gal/acre 68620 784.2
2010 87.5 gal/acre 73290 837.6
2011 87.5 gal/acre 56710 648.1

Noxious weed (Canada thistle, Phragmites, cattail) treatment - *Includes SR1 in Kent County

and NPDES BMPs

Year Rate Gallons Used Acres Treated
2009 100 gal/acre 9800 98.0
2010 100 gal/acre 12025 120.2
2011 100 gal/acre 14415 144.1

Brush treatment

Year Rate Gallons Used Acres Treated
2009 4 gal/acre 3440 860.0
2010 4 gal/acre 885 221.2
2011" 140 gal/acre 20580 147

11n 2011, the effort was to control brush and tree intrusion into Zone 2 of the roadside of State Route 1 from State
Route 9 in Kent County to State Route 273 in New Castle County. Since the target area was horizontally oriented, high-
volume technique was utilized rather than the ultra-low-volume typically used for vertical acreage applications.

Table 5-1b. 2009-2011 District in-house Herbicide Spray Totals for New Castle County.

Obstacle treatment

Year Rate Gallons Used Acres Treated
2009 N/A N/A N/A
2010 100 gal/acre 131.7 1.3
2011 100 gal/acre 134.4 1.3




6. Illicit Discharge and Improper Disposal

Requirement:

The co-permittees shall: (1) implement a facility inspection program (New Castle County only),
(2) implement an on-going program to detect illicit discharges and improper disposal into the
storm sewer, (3) implement procedures to limit infiltration of seepage from sanitary sewers, and
(4) implement a public education program on proper management and disposal of an array of
organic and inorganic materials. These requirements are described in the Application page iv —
30, Part 5(iv) A6, Permit page 7, Part 11.A.5., Consent Decree page 19, Part Il 22.

Performance:

Per agreement with New Castle County, DelDOT is responsible for the illicit discharge
detection and elimination (IDDE) program within the DelDOT-owned portion of the stormwater
conveyance system. Similarly, New Castle County manages their IDDE program that includes
outfalls of their ownership. DelDOT’s IDDE program is performed by KCI Technologies, Inc.,
under Agreement No. 1495.

DelDOT has the responsibility of eliminating illicit connections to its portion of the
MS4. DelDOT first tries to effect these eliminations through administrative action. KCI is
instructed to send the potential violator a “Notice of Potential Illicit Discharge” letter. The letter
describes the illicit discharge and instructs the resident to eliminate the discharge within 30 days.
A follow-up inspection is conducted after the 30-day period. If the illicit discharge is still
present, DelDOT’s NPDES Section will send a second letter stating if the discharge/illegal
connection has not been eliminated or removed after the 30-day period, the enforcement branch
of the Department of Natural Resources and Environmental Control (DNREC) will be notified.
If that is unsuccessful, we can use police action through DNREC. DelDOT established a
Memorandum of Agreement on August 20, 2001 with DNREC to utilize Environmental
Protection Officers in the enforcement of the permit. A copy of the MOA was included in
Annual Report 2001.

In calendar year 2011, a total of 49 DelDOT-owned outfalls were screened in New Castle
County. The dry weather screening procedure is described more fully in Section 13 of this
report. No dry weather flow was observed during any of these inspections.

During 2011, nine potential illicit discharges (PIDs) in New Castle County were reported
and/or investigated. These were either reported to the DelDOT NPDES Program or discovered
during KCI’s MS4 inspection activities (Table 6-1). Some were first reported or discovered in
2010, with follow-up investigation in 2011. Each was investigated by KCI crews, and follow-up
action was taken where appropriate. Educational door-hangers were distributed in three of these
communities to discourage future dumping into storm drains. More details about the
circumstances, location and investigation of each PID can be found KCI’s 2011 Outfall

Screening Report ().

In an effort to encourage Delaware citizens to dispose of hazardous household materials
properly, the DelDOT NPDES Section helped publicize Delaware Solid Waste Authority
(DSWA)’s Household Hazardous Waste Collection Program. This included distribution of
DSWA brochures that announced the dates and locations of collections in each county.



Another public outreach program aimed at eliminating illegal dumping of trash, debris
and hazardous wastes along the state’s highways, is DNREC’s “TrashStopper” Program. The
public is asked to notify DNREC about any roadways or streets used for illegal dumping so the
sites can be put under surveillance by digital cameras now effectively used for identifying trash
dumpers. The public is also asked to identify the trash dumpers who are caught in the act in
photos posted on the DNREC web site as part of the TrashStoppers campaign
(http://www.awm.delaware.gov/Enforcement/Pages/TrashStoppers.aspx).



http://www.awm.delaware.gov/Enforcement/Pages/TrashStoppers.aspx

Table 6-1. Summary of potential illicit discharges into the DelIDOT MS4 investigated in New Castle County in 2011.
Structure Neighborhood/

No. Date Address Reported By Issue Reported Investigation Results Determination Action
32008040 | 01/18/10 | Outfall to BMP | KCI Field Dark green stain on outfall pipe | Sample tested within Re-visit site. Re-visit
71311737 241/ Crew leading to BMP 241; outfall acceptable parameter site.

Route 7 discharge clear; dead fish levels.
directly in front outfall pipe.
03/02/10 No dead fish; foam in front Sample tested high for Re-visit site. Re-visit
outfall pipe. detergents. site.
06/25/10 Follow-up visit. Sample tested high for Re-visit site. Re-visit
detergents. site.
12/22/11 Follow-up visit. Sampled tested within No further action. | No further
acceptable parameter action.
levels.
71506 03/02/10 | Todd Estates/ KCI Field Pet waste in catch basin. Pet waste on grate and in Distributed 25 Re-visit
42 Lynchfarm Crew catch basin. door hangers. site.
Drive
11/02/11 Follow-up visit. No pet waste observed in No further action. | No further
or around catch basin action.
74839 03/02/11 | Todd Estates/ Resident Resident reported neighbor Catch basin 75% full Re-visit site. Re-visit
23 Garrett Road dumping leaves in catch basin. | organic debris. site.
03/08/10 Follow-up visit. Catch basin 75% full Distributed 16 Re-visit
organic debris. door hangers. site.
11/02/11 Follow-up visit. No signs of fresh leaf No signs of No further
dumping. Catch basin 30% | ongoing leaf action.
full organic debris. 25 dumping.

Garrett Rd. resident said 23
Garrett Rd. resident still
dumping leaves in catch
basin.
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Table 6-1. Summary of potential illicit discharges into the DelDOT MS4 investigated in New Castle County in 2011 (continued).

Structure Neighborhood/
No. Date Address Reported By Issue Reported Investigation Results Determination Action
5143 08/31/10 | Lambeth KCI Field PVC pipe in side wall of Sample tested within Re-visit site. Re-visit
Riding/ Crew concrete pipe connecting to acceptable parameter site.
504 Lambeth catch basin; flow observed levels; could not find flow
Place from PVC pipe collecting in source.
catch basin.

12/22/11 Follow-up visit. Sample tested within No further action. | No further
acceptable parameter action.
levels; could not find flow
source.

11712- 11/01/10 | Mendenhall DelDOT Report of grass clipping No evidence of grass Re-visit site. Re-visit
11721 Village/ dumping in catch basin. clippings in any catch site.
Lamplighter basins on Lamplighter
Way Way.

11/02/11 Follow-up visit. No signs of grass clippings | No further action. | No further
dumped in or around catch action.
basins.

62011062 | 11/01/10 | 316 Pigeon DelDOT Greenish substance in/around No evidence of greenish Re-visit site. Re-visit
2105245 Point Road area of new inlet pipe. substance. Observed dry site.
white crystallized
substance.

06/14/11 No evidence of greenish Appears salt Forwarded
substance. Observed dry washing from salt | to DelDOT
white crystallized mounds leaving 06/28/11
substance and large salt stains on asphalt for
mounds covered with tarps. | draining from 316 | transmittal

Pigeon Pt Rd into | to DNREC
DelDOT's ROW. | to confirm
Salt runoff to NPDES
Lobdell Canal industrial
which leads permit for
straight to this area.

Delaware River.




Table 6-1. Summary of potential illicit discharges into the DelDOT MS4 investigated in New Castle County in 2011 (continued).

Structure Neighborhood/

No. Date Address Reported By Issue Reported Investigation Results Determination Action
20257- 03/25/11 | Kirkwood Neighbor via Resident dumping yard waste Large amount sediment, Distributed 18 No further
20258 Gardens/2410 DelDOT into catch basin leaves, organic debris on door hangers. action.

Owen Drive surface of catch basins;
minimal yard waste inside
catch basins.
Charcoal 05/31/11 | 2800 Concord DelDOT Grease dumping. Grease leaking from NCC to contact NCCo will
Pit Pike Charcoal Pit grease trap DNREC. contact
through a gap in DNREC.
stormwater pipe joint. No Further
Action by
DelDOT.
12000907 | 11/15/11 | The Woods/ KCI Field Dry weather flow from 4" pipe | Sampled tested within Re-visit site. Re-visit
&1200091 223 Sioux Crew inside manhole. acceptable parameter site.
0 Court levels.
12/22/11 Sampled tested within No further action. | No further
acceptable parameter action.

levels.




7. Spill Prevention and Response

Requirement: DelDOT shall implement a program to prevent, contain, and respond to spills that
may discharge into the MS4 as described in the Application page iv-59, Part 5(iv) B2, Permit
page 9, Part I11.A.7., Consent Decree page 20, Part 11 23.

Performance:

DelDOT’s Transportation Management Center (TMC) is a department wide facility that
coordinates operations and shares information among its own personnel as well as various other
transportation and public safety-related agencies, serving as the transportation interface among
all such agencies in the state. They operate 24-hours per day/7 days per week. They serve as the
central communication point for DelDOT during major incidents, special events, and
emergencies, and coordinates transportation management activities with other agencies. The
TMC has special instrumentation that has been used to develop incident management capability.

The type of incident detected or called in will have a direct effect on the notification
process and steps that must be taken in order to be able to respond, assist, and document the
incident in an expeditious manner. Incidents have been classified into one of seven categories,
and then into sub-categories that further specify the type of incident that has occurred. These
categories are listed below:

Category A: Accidents (Emergency)

Category B: Vehicle Fire (Emergency)

Category C: Disable Vehicles (Emergency)

Category D: Police Activity (Emergency)

Category E: Traffic Hazards (Emergency)

Category F: Roadway and Signal Operations (Traffic)
Category G: Delay or Congestion (Traffic)

In June 2001, the TMC developed a manual of Standard Operating Procedures (SOP) that
acts as a guideline for handling incidents and systems problems; as a training tool/resource for
new employees and as a reference guide for the operations staff. Category E: Traffic Hazards
(Emergency), of the SOP describes the notification and documentation procedure involving fuel,
oil or other HAZMAT spills on or near the roadway (see Annual Report 2001, Volume 3,
Appendix J).

In the event of a spill such as fuel, oil, or HAZ-MAT, the TMC is required to notify the
respective police agency since they are responsible for arranging for the particular traffic hazard
to be removed. Generally, the police will contact the following agencies: Fire Board, DNREC
(Department of Natural Resources and Environmental Control), tow company, and all other
agencies that are required to attend such incidents.

In the event of a non-hazardous materials spill DeIDOT mobilizes, responds and directs
the clean up effort to prevent the material from entering the storm drain system or receiving
waters. DelDOT purchased 450 vehicle spill kits for minor oil and/or pesticide spills. If the spill
is of questionable material, DelDOT uses procedures as describe for HAZ-MAT spills.



In addition to the TMC’s Standard Operating Procedures, the NPDES Program has
completed the Spill Prevention Control and Countermeasures Plans for DelDOT facilities that
met the above ground storage tank minimums. These plans bring DelDOT into compliance with
EPA’s Oil Pollution Prevention regulations (40 CFR Part 112) contained within the Clean Water
Act.

During our annual inspections of the maintenance facilities, we determine if additional
spill decks, kits or other spill prevention equipment or supplies are needed. The NPDES section
funds these purchases.

We completed an agreement with CSERT (The Center for Emergency Response
Training, Inc.) to develop three videos: (1) SPCC Regulatory Requirements - acquaints DelDOT
personnel with the regulatory requirements of the Spill Prevention Control and Countermeasures
(SPCC) plan, NPDES Permit program and other regulatory initiatives in designated DelDOT
facilities; (2) Spill Response & Emergency Procedures and Roadside Events - trains DelDOT
employees on the proper procedures for responding to facility and non-facility (roadway) based
emergency events. Videos have been distributed to each maintenance facility, and personnel are
required to view them annually.



8. Industrial and High Risk Runoff

This section pertains to New Castle County only. See Section 8 of New Castle County’s

annual report for details.



9. Construction Site Runoff

Requirement: DelDOT shall implement a program to reduce, to the maximum extent
practicable, the discharge of pollutants from construction sites. DelDOT shall continue to
administer a sediment and erosion control program in accordance with Delaware’s
Sediment and Storm Water Regulations and to notify applicable construction contractors
of the NPDES requirements. DelDOT shall continue to implement a program to inspect
construction projects for compliance with Delaware’s Sediment and Storm Water
Regulations and where applicable, requirements of the MS4 NPDES permit as described
in the Application page iv-72, Part (iv) D, Permit page 10, Part 11.A.9. and Consent
Decree page 23, Part 11 27.

Performance:

In Delaware, construction site runoff is controlled under State law, which has been
in effect since 1990. The State Law (7 Del. C., ch. 40) meets or exceeds the
requirements of the NPDES MS4 permit. The erosion and sediment control and
stormwater management programs of DelDOT are managed by the Division of
Transportation Solutions (DOTS). This program was delegated to DelDOT in 1991
by the Department of Natural Resources and Environmental Control (DNREC) and
was to implement three of the five components of the Delaware Sediment and
Stormwater Regulations (see Annual Report 2001, Volume 3, Appendix K). These
components are: review and approval of construction plans, review of construction
sites, and inspection and maintenance of completed stormwater management
facilities.  Inspection and maintenance of completed stormwater management
facilities is covered in section 1. MS4 Structural Controls. The delegation is
reviewed every three years. DelDOT received delegation extension through June 30,
2012.

Enforcement of construction site erosion and sediment controls is accomplished
through each construction contract. Section 110 of the Delaware Department of
Transportation Standard Specifications lays out a progressive step-wise approach to
gaining compliance with approved plans, regulations, and laws.

Following a significant revision to Section 110 in 2007, we have since made a
change to the Certified Construction Reviewer requirement. Instead of the
contractor providing the CCR, we have executed agreements to hire two consulting
firms to perform the weekly CCR inspections. This will improve compliance with
the required weekly and rain event reporting. The consultant will also have the
authority to hire a third party contractor to correct E&S deficiencies if the prime
contractor refuses.

We are finalizing a rewrite and reformatting of DelDOT’s Erosion and Sediment
Control Field Guide. The purpose of the field guide is to provide easily accessible
information on installation and maintenance of best management practices (BMPs)
for erosion and sediment control and stormwater pollution prevention on
construction sites. Final review, printing and distribution are expected in early



spring 2012 and will be available for viewing at
http://www.deldot.gov/stormwater/ES fieldquide.shtml.



http://www.deldot.gov/stormwater/ES_fieldguide.shtml

10. Total Maximum Daily Load (TMDL)

Requirement: DelDOT shall comply with any MS4 NPDES permit requirement developed in
accordance with relevant wasteload allocation contained in any final TMDL or, as applicable,
with any Pollution Control Strategy developed to implement that TMDL as described in the
Consent Decree page 24, Part 11 28.

Performance:

identifies the approved TMDLs in New Castle County that specify waste load
allocations (WLAs) for MS4 discharges. In addition, the U.S. Environmental Protection Agency
established the Chesapeake Bay TMDL for sediment, nitrogen and phosphorus in December
2010. This will impact some watersheds in New Castle County. The WLAs assigned to the
regulated stormwater sector, of which the New Castle County/DelDOT MS4 is part, in the
Chesapeake Bay TMDL are listed in .

DelDOT is being proactive in preparing for compliance with statewide TMDLSs in
anticipation of both a new Phase | permit (currently in negotiation) and future watershed
Pollution Control Strategies. The Department’s activities in this area during calendar year 2011
include the following:

e DelDOT continues to be an active participant in the American Association of State
Highway and Transportation Officials (AASHTO) Stormwater Management
Community of Practice (CoP), which was established recently to create a forum
where DOT practitioners can share information on emerging issues, research data
needs, and innovative stormwater quality compliance solutions. TMDL compliance
is a priority focus area for the CoP. Multi-state conference calls on these issues occur
frequently.

e DNREC is finalizing new regulations for stormwater for the State of Delaware.
These are expected to take effect in 2012. The new regulations include design
requirements for meeting TMDL and Pollution Control Strategy mandates.
DelDOT’s NPDES and Stormwater sections continue to work with DNREC on this
effort, and our design staff and consultants are being trained to ensure compliance
with the regulations. DelDOT’s Stormwater Engineer and the NPDES Section have
already begun to discuss potential new policies and specifications for the Department
that will allow progress toward meeting the WLAs.

e DelDOT staff assisted DNREC with development of Delaware’s Watershed
Implementation Plan (WIP) for the Chesapeake Bay TMDLs.

e DelDOT has an active BMP performance and assessment program that is described in
detail in of this report. One of the objectives of this program is to provide
data on the effectiveness of the BMPs under study in reducing pollutants targeted by
TMDLs adopted for Delaware watersheds. This will allow DelDOT to conduct an
analysis of the existing BMPs being implemented and select the most appropriate
supplemental BMPs, if necessary, to achieve the numeric WLAs. In 2011, we began
three new BMP studies specifically for this purpose:

10-1



— An evaluation of biochar and zero-valent iron amendments to BMP media
in order to enhance nitrogen removal.

— A study to develop a new, more optimized street sweeping plan for New
Castle County that will provide greater nutrient and sediment removal,
which still is fiscally and operationally practicable for the Department.

— A model and study of the pollutant removal efficiency of roadside grassed
slopes and cloverleaf infields. Although these are not actually BMPs,
evidence from studies in other states has suggested that they may provide
some pollutant removal and perhaps should be counted in some way
toward TMDL reductions.

The drainage areas of all of the DelDOT-owned BMPs and major outfalls in New
Castle County have been calculated. These data are needed for pollutant loading
calculations. Drainage areas are included on the DelIDOT NPDES Map Viewer.

DelDOT NPDES Program staff has continued to meet with staff from the DNREC
Watershed Assessment Section to discuss database, monitoring and reporting needs
for WLA compliance. We are selecting or developing tools that will be used to report
and track progress toward meeting WLASs in each watershed. We have shared BMP
and monitoring data with DNREC for use in their TMDL models and have discussed
future coordination of monitoring efforts.

The most recent draft of the new Phase | permit for New Castle County includes
requirements for development of Water Quality Improvement Plans (WQIPs) for two
priority watersheds. In late 2011, New Castle County, the University of Delaware
Water Resources Agency, Duffield Associates, and DelDOT began a grant-funded
project to develop a pilot WQIP for the Pike Creek watershed. This exercise on a
smaller subwatershed will allow the co-permittees to better understand the process
and challenges of WQIP development, as well as gain better understanding of the
tools and data that will be needed.

Our public education and outreach program is being increasingly targeted toward
programs that will result in reduction of nitrogen, phosphorus and bacteria loadings to
waterways. An example of this is the Delaware Livable Lawns program, which was
launched recently with DelDOT funding. Its primary goal is to promote responsible
fertilizer _use by both commercial applicators and individual homeowners. See
of this report for more information about the Delaware Livable Lawns
program.

The DelDOT NPDES Section is represented on the Delaware Nature Society’s
Watershed Stewardship Committee, which meets quarterly to promote and coordinate
water quality improvement efforts in the state.
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Table 10-1.  List of New Castle County waterbodies with approved TMDLs and MS4 waste
load allocations.
MS4 Wasteload Allocation Specified in
Approved TMDL
Annual Baseline Annual TMDL Load
Waterbody Pollutant Load Load Reduction

Appoquinimink River Total N 131,326 Ib/yr 70,251 Iblyr 60%
Dissolved Oxygen and Total P 23,300 Ib/yr 8,860 Ib/yr 60%
Nutrients (updated Dec Bacteria 7.52E+12 CFU/yr |  6.32+12 CFUlyr 15% (1)
2003) 7.03E+10 CFU/yr |  6.06+10 CFU/yr 73% (2)
Bacteria (Dec 2006)
Army Creek Total N 14,782.5 Iblyr 8,833 Ib/yr 40%

Total P 1241 lblyr 730 lb/yr 40%
TMDL Analysis Bacteria 1.1E+13 CFU/yr | 5.037E+12 CFU/yr 39%
for the Watersheds of
Army Creek, Red Lion
Creek, and
Dragon Run Creek,
Delaware (August 2006)
Blackbird Creek Total N 63,948 Ib/yr 38,362 Ib/yr 40%

Total P 7,081 Ib/yr 4,249 lb/yr 40%
Blackbird Creek Bacteria 8.54E+13 CFU/lyr | 4.7E + 13 CFUlyr 80%
Watershed Proposed
TMDLs (August 2006)
Christina River Basin Total N 180,639 Ib/yr 173923 Ib/yr 4%
Christina River Nutrient o151 11,826 Iblyr 11,6435 Ib/yr 1%
and Low Dissolved
Oxygen High-flow TMDL - o
(September 2006) Bacteria 3.53+15 CFUl/yr 8.19E+14 CFUlyr 79%
Christina River Bacteria
and Sediment TMDL
(September 2006)
Delaware River PCBs 255.5 Ib/yr 0.000476 Ib/yr 99%

TMDLs for PCBs for
Zones 2-5 of the Delaware
Tidal River (December
2003)

(estuary zone 5)
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MS4 Wasteload Allocation Specified in

Approved TMDL
Annual Baseline Annual TMDL Load
Waterbody Pollutant Load Load Reduction
Dragon Run Creek Total Nitrogen 48,435.5 Ib/yr 29,054 Ib/yr 40%
Total 2,591.5 Ib/yr 1,533 Ib/yr 40%
TMDL Analysis Phosphorus
for the Watersheds of Bacteria 1.39E+13 CFU/yr | 1.08E+13 CFU/yr 15%
Army Creek, Red Lion
Creek, and
Dragon Run Creek,
Delaware (August 2006)
Naamans Creek Total Nitrogen 102,784 Ib/yr 102,784 Iblyr 0%
Total 7,227 lblyr 7,227 lblyr 0%
TMDLs Analysis for Phosphorus
Naamans Creek (October [ Bacteria 7.1E+-09 CFU/day | 4.1E+09 CFU/day (1% 42%
2005) (Average flows (1* quartile) quartile)
associated with 8.1E+10 CFU/day 7.9E+09 90%
each quartile (2™ quartile) (2" quartile)
available in 3.1E+10 CFU/day | 1.5E+10 CFU/day 54%
Table 5-2 on p. (3" quartile) (3" quartile)
6.3E+11 CFU/da 1.4E+11CFU/da 78%
?g pgl;t')l'MDL (4™ quartile) g (4™ quartile) g
Red Lion Creek Total Nitrogen 73,620.5 Ib/yr 44,165 lb/yr 40 %
Total 2,263 Ib/yr 1,350.5 Ib/yr 40%
TMDL Analysis Phosphorus
for the Watersheds of Bacteria 2.37E+13 CFU/yr | 1.23E+13 CFU/yr 40%
Army Creek, Red Lion
Creek, and
Dragon Run Creek,
Delaware (August 2006)
Smyrna River Total Nitrogen 102,200 Ib/yr 61,320 Ib/yr 40%
Total 7,405.9 Ib/yr 4,446 Iblyr 40%
Smyrna River Watershed | Phosphorus
;(r)%%t))sed TMDLs (August | Bacteria 1.12E+14 CFU/yr | 2.8E+13 CFUlyr 75%
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MS4 Wasteload Allocation Specified in

Approved TMDL
Annual Baseline Annual TMDL Load
Waterbody Pollutant Load Load Reduction
Shellpot Creek Total Nitrogen 32,631 Iblyr 32,631 Ib/yr 0%
(See Table 4-1 7,008 Ib/yr 4,563 Ib/yr 35%
TMDLs Analysis for and 4-2 in
Shellpot Creek (October TMDL report)
2005) Total 2,080.5 Ib/yr 2,080.5 Ib/yr 0%
Phosphorus 730 Ibfyr 475 Ib/yr (load from 35%
(See Table 4-1 upstream
and 4-2 in sub-watershed,
TMDL report) reaches 1-3)
Bacteria 3.09E+09 2.3E+09 25%
CFU/day CFU/day
Flowranges (sl | womin _
and average ; ; 0
flows assgciated CFU/day CFU/day
- (2™ quartile) (2™ quartile)
with each 7.2E+10 8.1E+09 89%
quartile CFU/day CFU/day
available in (3" quartile) (3" quartile)
Table 5-1 on p. 3.0E+11 4.0E+10 84%
31 of TMDL CFU/day CFU/day
report) (4" quartile) (4" quartile)
Chester River Total Nitrogen 257,763 Iblyr 257,763 Iblyr 0%
Total 19,929 Ib/yr 11,789.5 Ib/yr 40%
TMDL Analysis for Phosphorus
Chester, Choptank, and Bacteria 6.94E+13 CFU/yr | 1.68E+13 CFU/yr 37%
Marshyhope Rivers
(December 2005)
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Table 10-2. Chesapeake Bay WLAs for waterways in New Castle County, Delaware.

Regulated Stormwater Aggregate WLA
Expressed as Annual TMDL Load, in Ibs/yr
Waterbody Pollutant (see Appendix Q of 2010 Chesapeake Bay TMDL)

Bohemia Creek Total Nitrogen 5,059
(BOHOH) Total 807

Phosphorus

TSS 65,521
C&D Canal (OH_DE) Total Nitrogen 5,787.19

Total 897.32

Phosphorus

TSS 140,065.64
C&D Canal (OH_MD) Total Nitrogen 15,427.35

Total 2,323.04

Phosphorus

TSS 336,975.20
Choptank River Tidal Total Nitrogen 3,425.42
Fresh (CHOTF) Total 891.80

Phosphorus

TSS 361,329.14
Elk Creek (ELKOH) Total Nitrogen 2,193.22

Total 316.90

Phosphorus

TSS 31,853.92
Middle Nanticoke River | Total Nitrogen 3,940.61
(NANOH) Total 765.13

Phosphorus

TSS 360,996.61
Upper Nanticoke River Total Nitrogen 87,249.18
(NANTF_DE) Total 13,720.13

Phosphorus

TSS 10,010,082.38
Upper Pocomoke River | Total Nitrogen 1,045.32
(POCTF) Total 270.79

Phosphorus

TSS 62,519.65
Sassafras River Total Nitrogen 265.63
(SASOH) Total 41.82

Phosphorus

TSS 5,525.02
Wicomico River Total Nitrogen 1,893.58
(WICMH) Total 292.59

Phosphorus

TSS 104,196.22
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11. Public Education

Requirement: DelDOT shall within six months of entry of the Decree, implement a program to
promote, publicize, and facilitate public reporting of illicit discharges having negative impacts on
water quality on the MS4 and the proper management of an array of organic and inorganic
materials as described in the Application page iv-72, Part 5 (iv) B3, Permit page 11, Part I11.A.10.
and Consent Decree page 20, Part 11 24.

Performance:

A public education program was developed within six months of the effective dates as
outlined in the NPDES permit and consent decree. The following public education/outreach
activities occurred during calendar year 2011:

We are continuing our door hanger campaign to residents in subdivisions where an
illicit discharge or illegal dumping activity was discovered or reported as part of our
outreach program to residents. The front side of the door hanger lists the date and
type of pollutant found and water body affected. On the back, the door hanger
describes stormwater pollution and guidelines to reduce pollution at the home or
workplace (see Annual Report 2007, Volume 2 of 2, Figure 11- 3). We distributed 59
door hangers in 2011 to residential neighborhoods where a potential illicit discharge
was discovered. This program also helps meet the public education requirements of
Part I1.A.6. lllicit Discharges and Improper Disposal of the NPDES Permit.

DelDOT developed a stormwater quality website (www.deldot.gov/stormwater). A
“Report a Problem” link allows the public to email or call to report illegal discharges
or dumping and stormwater maintenance problems. In 2011, Google Analytics
reported an average of about 332 visits per month (range 227-432).

The Partnership for the Delaware Estuary posted our “Kid’s Activity Booklet” on
their website. In the past year, it ranked third in the number of downloads (over
1,800 times).

As part of the storm drain inventory and inspection (Section 1.A.), KCI Technologies
is continuing to label each inlet with a storm drain marker that carries a water quality
message.

DelDOT distributed several hundred activity booklets and restaurant placemats to
schools and the general public that highlight stormwater pollution, the water cycle
and watersheds.

Appoquinimink River Association (ARA)
“Delaware Livable Lawns” Project:

DelDOT is in the third year of a three year agreement with the ARA to lead an
education and outreach program to provide information to the public on ways to
reduce nonpoint source pollution. We have developed an educational/outreach
campaign to reduce fertilizer application by changing watershed residents’ lawn care
practices. The “Delaware Livable Lawns Program” certifies lawn care companies
that follow environmentally-friendly best practices in fertilizer application while
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educating homeowners on these best practices. The goal of the program is to reduce
fertilizer runoff from residential lawns. Phase | of the program targets commercial
lawn care companies recognizing them for environmentally friendly lawn care plans
(e.g. soil tests, organic products, low or no nitrogen fertilizers, only fall applications,
annual reporting, distribution of educational materials, etc.) while also meeting
homeowners’ needs and educating them on best practices. To date, six companies
have applied for certification and two have been accepted.

In Phase Il of the program, we will be targeting individuals in housing developments
to be demonstration lawns for various types of fertilizer applications and organic
products.

Updates for 2011:
e  Six commercial contractors have applied for certification into the program.

e The website is now available to the public at
www.DelawareLivablelLawns.org. Our web designer is making
modifications to make the website more “mobile ready.”

e  Developing a brochure that will be available to the certified companies to
supply their customers and to residential DIY applicators describing the
benefits and the parameters of the program.

e  Development of a monthly newsletter as an opportunity to capture the
residential customer.

e  Development of a video on how to make soil testing and interpreting more
understandable.

Additional work accomplished by the ARA is documented in their 2011 annual
progress report

We are continuing our partnership with our co-permittee, New Castle County, to
begin development of our education/outreach management plan for the next NPDES
permit. We executed an agreement with the University of Delaware, Water Resource
Agency, to investigate cost effective social marketing options that are feasible in
Delaware to meet the minimum general public “impressions” required by the new
permit. This project proposes to assist the co-permittees in achieving the education
requirements of the permit and making these efforts more effective and meaningful
for New Castle County, DelDOT and the six municipalities regulated under the
permit. The University of Delaware will prepare a final recommendations report in
early 2012 detailing a stormwater education plan that address major pollutant
problems.

DelDOT staff has been active participants in the founding and development of the
Delaware Association for Environmental Education (DAEE). The DelDOT NPDES
Environmental Scientist serves on the Board of Directors, assists the group with its
communications and outreach, and serves on the planning committee for DAEE’s
annual statewide conference.
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The NPDES Program has a 10° display board and graphics as well as an interactive
kiosk for use at outreach events. In 2011 we participated in the following events:

— Delaware Rural Water Association — NPDES staff participated in this 2-day
event.

— Delaware State Fair: NPDES staff participated for 10 days and evenings
promoting our new “Delaware Livable Lawns” program. We developed a
landscaped display utilizing native plants and reduced lawn concept.

NPDES staff served as judges in the Technology Students Association (TSA) State
Conference in April.
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12. Training

Requirement: DelDOT shall, within six months of entry of the Consent Decree, initiate training
for their respective and appropriate personnel on storm water controls, on the storm water
management measures established under the MS4 permit, and on specific requirements for
implementing all relevant aspects of the Consent Decree as described on page 24, Part 11 29 of
the Consent Decree.

Performance:

The following is a list of training workshops and conferences attended by DelDOT staff
and training material produced in calendar year 2011:

e All statewide district maintenance staff are required to view the following
videos as part of Pollution Prevention Plans: Stormwater Contamination &
Spill Prevention, Vegetative Control & Pollution Prevention, and Facility &
Vehicle Maintenance.

¢ All maintenance staff are required to view videos as part of the Spill Prevention
Control and Countermeasures Plans. The three topics include: SPCC
regulatory requirements, spill response and emergency procedures and roadside
events.

e NPDES staff are members of the Nonpoint Source Advisory Committee and
attend the annual workshop.

e As part of the NPDES industrial permit, the NPDES Section issues training
bulletins to each maintenance facility statewide. These bulletins support
DelDOT maintenance staff in its efforts to achieve and maintain compliance
with the stormwater pollution prevention regulatory requirements. The
bulletins are placed in a visible location at each yard. During the 2011 calendar
year, one issue describing stream and culvert work was distributed (Appendix
F).

e The following training/workshops were attended by NPDES or DOTS
stormwater staff:

Workshops
o Applicator Certification Core Test: 29 DelDOT staff
o0 NPDES Map Viewer: Three training workshops were held: March 29

& April 28: 31 DelDOT maintenance staff; November 29: 36 design,
construction and survey staff.

0 May 10-11, 2011: NHI Course on Water Quality Management of
Highway Runoff; Identify and Characterize the quantity and quality of
highway runoff; develop conceptual designs for various BMPs
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considering treatment targets, design requirements, BMP performance
goals, and maintenance considerations, etc.

June 20-21, 2011: Bioretention/Bioinfiltration Summit at Villanova
University

September 28, 2011: Water Words that Work workshop; DelDOT,
NCCo., municipalities

November 17, 2011: Discussions with  DNREC: A One-Day
Symposium on Water-Related Topics; discussion of new DNREC
reorganization and water-related topics

Web casts

(0]

o

March 30, 2011: Managing Engineering and Operations Information
for Improved Transportation Asset Management

September 8, 2011: AssetWise for Transportation; discuss the benefits
of an asset life cycle information management platform and associated
applications

September 21, 2011: EPA's Watershed Academy Nitrogen and
Phosphorus Pollution Series webcast titled: State and Local Policies to
Restrict the Use of Phosphorus Lawn Fertilizer

October 4, 2011: NHI course — Maintenance of Drainage

October 5, 2011: How gross can it get? lllicit discharge and sweeping
webinar

October 26, 2011: Using Social Media for Stormwater Education
webinar

October 27, 2011: Conducting Effective Stormwater Outreach

e The Roadside Environmental Section staff attended various courses and
workshops for re-certification, pesticide credits, and International Society of
Arboriculture credits including:

1.
2.
3.

Ornamental and Turf Workshop, November, 2011
Horticulture Industry and Expo, January 26-27, 2011

National Roadside Vegetation Management Assn. Annual Conference,
Little Rock, AR, September, 2011

First Annual Arborist Workshop, March, 2011

12-2



13. Monitoring

Requirements: The co-permittees shall implement a wet weather and dry weather monitoring
program, and an industrial and high-risk runoff monitoring program as described in the Permit
page 11, Part 11.A.11. and Consent Decree page 20, Part Il 22b.  DelDOT shall also monitor
the performance of and discharge from existing structural controls (BMPs), in accordance with
Permit page 6, Part I1.A.1.a.

Performance:

During calendar year 2011, DelDOT’s monitoring activities included the following
components:

— Dry weather screening of stormwater outfalls
— BMP performance monitoring

Each of these components is described in more detail below.

A. Dry Weather Screening

DelDOT is responsible for illicit discharge detection and elimination (IDDE), including
inventory of new outfalls and dry weather outfall screening, within the DelIDOT-owned portion
of the stormwater conveyance system. The dry weather screening and tracking of potential illicit
discharges and connections continues to be conducted for DelDOT by KCI Technologies.

The dry weather screening protocol was the same as that used in previous years. When
dry weather flow is observed, a “Dry Weather Flow Evaluation” is performed in two stages: an
initial screening at the time of first observation and a follow-up re-screening performed 4 to 24
hours later. Where appropriate, this includes flow rate estimation, field screening of discharge
water quality using LaMotte stormwater sampling kits, and upstream visual review and
evaluation. A numerical rating system for discharge water quality parameters provides an index
that determines which outfalls are targeted for follow-up evaluation. Once an illicit discharge is
confirmed, our consultant is responsible for tracking it to the source and taking the initial step in
effecting its elimination. This may include: (1) referring it to the appropriate municipality; or (2)
going to the source and informing the polluter verbally and in writing to remove the illicit
connection with a time limit to comply. The consultant will conduct a follow-up investigation.
If the connection is not removed, enforcement action can be initiated.

All of the known DelDOT outfalls in New Castle County were screened during the first
5-year term of the permit. After that first round of screenings was completed, KCI Technologies
went back and re-screened all outfalls that previously had had dry-weather flow and also
continued to inspect and screen new outfalls that were not captured in the initial inventory. In
calendar year 2011, our inventory efforts were focused more heavily on completing the MS4
mapping and inspection in Kent and Sussex Counties. A total of 49 outfalls in New Castle
County were inventoried, inspected and screened for dry weather flow. No evidence of illicit
connections or discharges was noted at any of these outfalls.

Additional information on DelDOT’s Illicit Discharge Detection and Elimination (IDDE)
program during 2011 is provided in of this report.
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B. Storm Event Monitoring

The wet weather storm event monitoring required under the Phase | permit was intended
to identify, investigate and address selected water quality parameters of storm water runoff from
five outfall locations identified in the Permit Application, representing four developed land use
classifications: highway, commercial, industrial and residential.

The wet weather monitoring requirement at the five prescribed outfalls in New Castle
County was fully completed by the County and DelDOT in 2009. Therefore, no additional
samples were collected in 2011.

C. BMP Performance Monitoring and Assessment

The NPDES permit requires DelDOT to monitor the performance of existing stormwater
structural controls and BMPs. During calendar year 2011, DelDOT’s BMP monitoring program
included the following projects:

Performance and maintenance study of Delaware sand filters
Monitoring of biofiltration practices

Study of pollutant removal by grassed highway slide slopes
Stream turbidity measurements at construction sites
Monitoring of BMP outfalls at DelIDOT maintenance facilities
Study of guardrail vegetation control alternatives

Study of the impacts of various mowing height practices
Study of new bioretention technologies to remove nutrients

N~ wWNE

Projects 1 through 5 were conducted with assistance from KCI Technologies under
Agreement 1495. Projects 6 through 8 were performed by the University of Delaware, using
DelDOT funding.

Each of the different BMP monitoring projects is described below in greater detail.

1. Performance and Maintenance Study of Delaware Sand Filters

In late 2006, a study was begun to assess maintenance requirements for the
numerous Delaware sand filters that have been installed by DelDOT in roadways, transit
facilities, and Park-and-Ride lots. These encompass a number of different designs, and
the various units receive a wide variety of drainage and pollutant loads. The goal of this
study is to determine a maintenance plan and schedule for each of the sand filter types
owned by DelDOT, dependent upon its design, location, land use drainage, and pollutant
loads. This was the final full year of the study.

Four sand filter units continued to be part of the study in 2011, representing land
use settings (commercial, roadway, and parking lot) and different sand chamber designs:

e Route 273 / Route 7 Park-and-Ride Lot (DelDOT BMP #46)
e Lancaster Pike (DelDOT BMP #72)
e Wilmington Delaware Transit Corporation (DTC) Bus Facility
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o Kennett Pike (DelDOT BMPs #364-430)

The DSF located at Kennett Pike was added to the study in 2010. All of these
units have been monitored in order to more fully understand the key parameters that
affect long-term performance and to develop a standardized inspection and maintenance
protocol for DelDOT that will ensure that all of our sand filters continue to provide the
maximum water quality treatment. Quarterly wet- and dry-weather field observations
were performed. In addition, two of the sand filters were instrumented with ISCO
automated samplers, allowing us to add water quality data to the criteria used to assess
the performance of these BMPs. KCI’s 2011 end-of-year report on this project is included
here as It details the results of the quarterly monitoring of each sand filter,
as well as water quality data collected.

Near the end of 2011, DelDOT and KCI decided to complete the DSF Study, as
the study goals (i.e., determine maintenance recommendations) had been formulated for
each of the DSFs. A summary report of the entire project, with draft maintenance
recommendations, is included here as The wet weather sampling will
continue at BMP 72 on Lancaster Pike, as the performance of this unit at the top of the
slope is an indicator of maintenance needs for the entire long series of DSFs along
Lancaster Pike. In addition, KCI plans to use the sampling test results to calculate
potential pollutant load reductions from this BMP. KCI will continue to perform periodic
inspections of all of DelDOT’s sand filters to ensure that recommendations from this
study remain valid.

2. Monitoring of Biofiltration Practices

DelDOT requires that all stormwater management measures in its projects be
designed in accordance with the latest version of the Delaware Sediment and Stormwater
Regulations. In accordance with these regulations, the preferred options for water quality
protection are “Green Technology BMP's.” Other practices generally are considered only
after preferred practices have been eliminated for engineering or hardship reasons.
“Green Technology” BMPs are practices that achieve stormwater management objectives
by applying the principles of filtration, infiltration and storage most often associated with
natural vegetation and undisturbed soils, while minimizing a reliance on structural
components.

As a result, a large proportion of the new BMPs being added to the DelDOT
inventory are biofiltration swales. These BMPs are easy to incorporate into a linear
highway right-of-way and also are relatively easy and inexpensive to maintain. The
DelDOT NPDES Program felt that more data were need on the pollutant removal
efficiency of the types of bioswales and other Green Technology BMPs installed by the
Department. In 2011 we continued a study of these practices begun a year earlier.

In last year’s Annual Report, we reported that a bioswale along Valley Road and
Lancaster Pike in New Castle County (BMP #104) had been selected for monitoring.
This bioswale provides treatment for stormwater runoff from Lancaster Pike and a
portion of the surrounding residential developments, with a drainage area of
approximately 9.5 acres. The purpose of the monitoring of this BMP is to collect field
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data on the efficiency of bioswales in the removal of pollutants and in the reduction of
flow rates for stormwater runoff. The study includes continuous base flow monitoring
and automated wet weather monitoring.

Six storms were sampled at this site during 2011. The data from these wet
weather events are included and summarized in KCI Technologies’ Green Technology
Monitoring Annual Report . As reported there, the number of wet weather
events suitable for performing Individual Storm Load calculations was limited in 2011,
so in-depth statistical analysis is not yet feasible. Preliminary analyses so far show good
removal of TSS, Kjeldahl nitrogen and metals.

We intend to continue to monitor the BMP during 2011 and modify the sampling
protocol from a time-weighted to a flow-weighted methodology to obtain more reliable
results.

3. Study of Pollutant Removal by Grassed Highway Buffers

Studies conducted recently in several other states have demonstrated that existing
vegetated areas adjacent to highways can provide some stormwater quality treatment,
even though they are not designed for that function. Compliance with TMDL waste load
allocations (WLAs) in New Castle County and the Chesapeake Bay watershed will
require future reporting of both current stormwater pollutant loadings and future load
reductions.  Therefore we believe that better quantification of pollutant removal
efficiencies of grassed side slopes, medians and buffers adjacent to roadways is needed.
These data can then be incorporated into TMDL models and reporting. In addition,
DelDOT is interested in identifying minimum design requirements of grassed buffers
needed to obtain substantial pollutant reduction.
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Last year we selected a test
site located in front of the Odessa
Maintenance Yard on Route 299
was selected to monitor the
performance of a grassed side slope
in removing pollutants from
roadway runoff. We have struggled
this year to find a reliable method
for collecting runoff samples from
the sheet flow that has passed
through the grass buffer. Several
approaches were tried, and we are
currently testing a v-notch wier
installed in the grass ditch at the
bottom of the slope. Once we have demonstrated that this methodology works, KCI
Technologies will begin wet weather monitoring at the site.

We also added a modeling component for the Route 299 site. Delineation of
grass side slope treatment areas receiving roadway runoff along 1-95 has been completed.
The delineation of similar areas on other major roadways in progress. A SWMM model
for the grassed side slopes was developed by Dr. William Frost of KCI Technologies.
Completion of this effort is on hold until sufficient wet weather data are collected to
calibrate the model.

Additional details of this study are included in KCI Technologies’ Green
Technology Monitoring Annual Report (.

4. Stream Turbidity Measurements at Construction Sites

In order to monitor the performance of construction site BMPs, the DelDOT
NPDES section installed in-stream, solar-powered YSI water quality data loggers
upstream and downstream of two DelDOT construction sites. The sondes are equipped to
monitor the following parameters: dissolved oxygen, turbidity, pH, temperature, and
conductivity. Real-time data are transferred to an EcoNet Data Acquisition System,
which can be viewed on the internet.

One set of YSI sondes was placed in Leatherman’s Run at the Interstate service
plaza site during its redevelopment, which was completed in the summer of 2010. The
downstream sonde was removed once construction was completed and it was clear that
the plaza discharges were having no significant impact on stream turbidity, because site
conditions made it very difficult and expensive to maintain the equipment. The upstream
sonde has been kept in place in anticipation of stormwater retrofits and stream restoration
work planned for the Christiana High School property. It will provide background water
quality data for the stream to compare with that collected during and after retrofit
construction.

The other set of sondes was installed in the Christina River upstream and
downstream of the Elkton Road overpass in December 2010 and collected data
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throughout calendar year 2011. The Elkton Road construction project has included
pavement reconstruction, additional turn lanes, reduction of Elkton Road between Apple
Road and Delaware Avenue from four lanes to two, new sidewalks and curbs ramps, bike
lanes, and utility improvements. Its estimated completion date is September 2012.
Turbidity data from the water quality sondes is evaluated on a weekly basis, and DelDOT
is notified of unusual parameter levels or other equipment issues as they occur.

Throughout 2011, elevated turbidity levels occurred at both the upstream and
downstream sites, all of which coincided with storm systems moving through the area.
Turbidity levels regularly returned to normal within 24 hours of the precipitation ceasing.
Our monitoring at the Elkton Road site picked up no significant increases in turbidity
downstream of the outfalls relative to the upstream measurements. Furthermore, during
an incident in November when some freshly applied road paint leached into the drainage
system during a sudden storm, we discovered that the briefly discharged plume in the
stream was very narrow, and the sonde did not detect it. Equipment malfunctions due to
clogging also were a frequent problem here, as at the Leatherman’s Run site.

Because of these issues, we concluded that the large expense of continuous stream
monitoring at this construction site was no longer justified, so it will be discontinued in
2012. Instead, we intend to initiate a new effort in 2012 to collect data on typical
turbidity levels measured directly at outfalls from one or more DelDOT construction
projects. These data will be used to assist both DelIDOT and DNREC in developing
strategies for compliance with any future numerical effluent limit guidelines that may be
imposed by EPA as part of the General Permit program.

Additional details about the continuous stream monitoring at both the
Leatherman’s Run and Elkton Road construction sites can be found in KCI’s annual
report on the project, which is included here as [Appendix J.
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5. Monitoring of BMP Qutfalls at DelDOT Maintenance Facilities

DelDOT also performs wet weather monitoring at selected maintenance yard
outfalls, in compliance with its industrial permits. See of this report
(“Pollution Prevention at Maintenance Facilities”) for details on this.

6. Study of Alternatives for Managing Vegetation Under Guardrails

In 2008, we began a study to investigate alternative vegetation management
strategies for guardrail, as part of DelDOT’s pesticide reduction strategy. Vegetation
management of some kind is necessary to keep guard rails from being obstructed by
vegetation.  Currently growth of vegetation under and around these structures is
controlled by annual applications of herbicide. The goal is to find ways to reduce the use
of pesticides used to treat guardrail vegetation without compromising safety and
aesthetics. The study is being performed by Dr. Susan Barton and Valann Budischak of
the University of Delaware Department of Plant and Soil Sciences.

Treatments being evaluated include weed control barriers, chemicals, low-
growing vegetation, and hand cutting of existing vegetation. They are being compared
based on effectiveness, ease of implementation, aesthetics, cost and longevity. Test
locations were selected to represent typical roadway settings in which guardrails are
utilized.

In spring of 2008, twenty-four guardrail plots were established on Delaware
roadsides (Route 13 S between route 72 & Route 1, Route 7 near RR bridge, and Route
13 near airport).

Treatments originally included three formulations of herbicide, two weed barriers,
hand trimming, pavement, low fescue turf and a control. There were three replications of
most treatments. Selected test locations are a representative subset of the types of
roadway settings in which guardrails are utilized. In fall of 2010 and spring of 2011, the
herbicide treatments were abandoned and focus shifted to evaluating low fescue turf,
hand trimming and two types of weed barriers, including a custom-cut/standard-cut
variation of one barrier.

Test sites were monitored and data taken throughout the growing seasons. The
researchers recorded on a scale of 1 to 5 each plot’s compliance with DelDOT guardrail
standards and the weed level present. They also recorded predominant weed species.
Each plot was photographed with each data collection visit. In 2011, test sites were
monitored and data was taken five times.

Detailed observations of the test plots made in 2011 are included here as
. The Appendix also shows photographs of each plot. The U-Teck barrier
product and low-growth fescue still appear to be promising alternatives to herbicide
treatment. We will continue to observe these plots to look at long-term performance. In
2012, we also intend to introduce testing of two additional low-growth turf products —
Zoysia grass and a proprietary seed mix called “FlightTurf” (www.flightturf.com) that
was developed for use near airport runways.
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7. Study of the Impacts of Differing Mowing Height Practices

DelDOT mowing policy calls for roadside utility turfgrass to be routinely
maintained at 6 inches height. However in actuality, compliance with this policy by
DelDOT maintenance crews is inconsistent, and roadside turf is often mowed to a height
closer to 2 inches. The general public often perceives shorter grass to be more attractive.
And maintenance crews often feel that mowing the turf shorter is easier and more
efficient.

In addition to the potential water quality benefits of taller turf, DelDOT’s
Roadside Environmental Section and the University of Delaware Enhancing Delaware
Highways (EDH) team believe that mowing at a minimum of 6 inches height results, over
the long term, in healthier turf with fewer weeds and invasive species. In order to test
this, we began a study in 2009 to evaluate the longer term impacts of mowing turf areas
in highway rights of way at different heights. The study is being conducted by a team led
by Dr. Susan Barton of the University of Delaware’s Department of Plant and Soil
Sciences.

This study is observing and collecting data on turf grass condition and weed
content of routinely mowed turf at the recommended six inch height and at the current
two inch height. Plots are maintained in two locations—SR 1 at the Milford bypass in
Kent County (6 plots) and Interstate-95 medians in New Castle County (6 plots). Each
plot is approximately 200 feet. At each location, three plots are being mowed to a height
of 6 inches, and three plots mowed to a height of 2 inches.

In 2011, the 1-95 plots were mowed seven times, and the Milford plots were
mowed six times during the growing season. The mowing sites were visited three or four
times to collect data. Each treatment was documented with photographs. Notations were
made on weeds present, clippings and level of turf decline. Photographs were taken
documenting that matted clippings often lay on the closely mowed treatment plots,
excluding light and causing turf grass injury. This injury often results in dead patches that

allow weed incursion. The final result is_a degraded turf grass condition. Detailed
observations of the plots are documented in .

After two full seasons, it is still difficult to see species composition changes in the
amount of time this turf has been managed with 2 inch mowing and 6 inch mowing.
There was already a significant weed population in the turf (at the start of the experiment)
so it has proven hard to document increased weeds with the 2” mowing. It would be

better to start with newly planted turf and monitor the effects of close cropping and 6”
mowing.

The University of Delaware team was asked to conclude study of the current plots
and submit a report summarizing their findings. This report will be available in early
2012.
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8. Study of New Bioretention Technologies to Remove Nutrients

In late 2011, DelDOT funded a proposal from Dr. Daniel Cha and Dr. Paul
Imhoff (University of Delaware, Department of Civil and Environmental Engineering) to
evaluate two promising technologies involving the addition of biochar ( generated from
pyrolysis of poultry litter) and/or zero-valent iron to existing and new stormwater
facilities. The hypothesis is that incorporation of these materials into soil or media used
in bioretention cells, sand filters or bioswales will significantly enhance removal of
nitrogen from stormwater runoff. If successful, these technologies could allow DelDOT
to meet TMDL reduction requirements using fewer or smaller BMPs.

The first year of the project will involve laboratory testing of the concepts in soil
columns designed to mimic the conditions found in bioretention cells and sand filters. If
results are promising, then the work will be transitioned to field trials the following year.
A detailed description of the study can be found in
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14. Supplemental Environmental Project

This section pertains to New Castle County only. See Section 14 of New Castle Counties
annual report for details.
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15. Additional Injunctive Relief

Requirement: Within one year from the date of entry of the Consent Decree, DelDOT
shall complete a stormwater retrofit project for a 5.58 mile long section of 1-95 incorporating
water quality considerations in design and construction of its stormwater management structures
as described in the Consent Decree page 25, Part 111 30.

Performance: This project is complete. See Annual Report 2001, Volume 3, Appendix
U for a complete report and photographic documentation of the 1-95 Additional Injunctive Relief
Stormwater Controls.
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16. Pollution Prevention at the Maintenance Facilities

A. Pollution Prevention Plans

DelDOT’s NPDES Program manages a Stormwater Pollution Prevention Program
(SWPPP) at all 16 DelDOT maintenance facilities. Development, implementation, and
maintenance of the SWPPP provides the maintenance yards with the tools to reduce pollutants
contained in stormwater discharges and comply with the requirements of Delaware’s
“Regulations Governing Storm Water Discharges Associated with Industrial Activity.” The
program includes a written plan, timeline for plan implementation, inspection schedules, training
and monitoring requirements, and proper storage and housekeeping measures. Each SWPPP has
a pollution prevention team with designated responsibilities to carry out the plan.

B. Inspections

Pollution Prevention Plan Team members are required to conduct quarterly inspections
during dry and wet weather events to look for evidence of stormwater contamination. These
inspections began in October 2003 and continued through the 2011 calendar year.

In addition, DelIDOT NPDES Program staff annually conducts thorough SWPPP
compliance inspections of each facility. Annual inspections were completed for all DelDOT
maintenance facilities on October 25-27, 2011. A “Summary of Action Items,” if any, is noted
on the inspection form and gives specific instructions to the facility team and supervisors for
corrective action. Four facilities (Bear, Chapman, Cheswold, Middletown) received comments
and a list of action items to resolve. Follow-up correspondence with District managers will be
conducted to ensure the action items were corrected.

C. Spill Prevention, Control and Countermeasures (SPCC)

DelDOT hired BrightFields, Inc. to assist the Department in complying with EPA’s QOil
Pollution Prevention regulations (40 CFR 112) contained within the Clean Water Act. An SPCC
Plan discusses how the maintenance facility conforms to oil spill prevention and containment
procedures. Each SPCC Plan is unique to the facility. Brightfields, completed a full
investigation and developed site-specific plans for maintenance facilities that met the above
ground storage minimums requiring a SPCC plan. All plans were completed and distributed in
2007.

D. Training

The NPDES Program, with assistance from the Center for Safety & Emergency Response
Training (CSERT), developed six training videos for our maintenance staff. The videos provide
training on protection of stormwater quality in the following areas:

1. Facility and vehicle maintenance
2. Stormwater contamination and spill prevention
3. Vegetation control and pollution prevention on public roads and highways
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4. The regulatory requirements of the Spill Prevention Control and Countermeasures

(SPCC) plans developed for each maintenance yard

Spill response and emergency procedures

6. The proper procedures for responding to facility and non-facility (roadway) based
emergency events.

o

Each maintenance facility has copies of the videos, and current DelDOT personnel and
new hires are required to view them. In addition, the NPDES Program also prepares training
posters on elements of the PPP and SPCC Plans and distributes them to the yards several times
per year.

E. Monitoring

The Pollution Prevention Plans currently require wet weather stormwater monitoring at
four maintenance facilities. These facilities were chosen as representative of the 16 facilities
located throughout the state. The four yards are: Kiamensi, Bear, Cheswold, and Harrington.

Monitoring was conducted during 2011 at each of the pond outfalls. Sampling
techniques were performed in accordance with the Environmental Protection Agency (EPA)
Stormwater Sampling Guidance Document, EPA 833-B-92-001 (July 1992). Semi-annual
samples were collected once in each of the following six-month periods: January through June,
and July through December.

The wet weather monitoring protocol includes 72 hours of antecedently dry conditions,
minimum predicted rainfall depth of 0.10 inches, and two full days of standard maintenance yard
operations since the last rainfall event. A first flush sample was collected within 30 minutes
from the first noticeable flow, and delivered to the laboratory for analysis of total suspended
solids, surfactants, chloride, pH, and total petroleum hydrocarbons: gasoline and diesel range
organics. Measurements of flow, air temperature, water temperature, pH and turbidity were
recorded on-site at the time of sample collection.

able 16-1f displays the first flush concentrations measured during 2011 for all
parameters at each of the four sites.

The total suspended solids (TSS) levels measured in the January 2011 sample collected at
the Cheswold yard outfall (372 mg/L) and in the August 2011 sample collected at Bear yard (261
mg/L) exceeded the benchmark value of 100 mg/L. Operations at both yards were investigated
shortly after the test results were received in order to determine the source(s) of the excess
sediment discharge. No specific sources were found at either yard. NPDES staff will continue
to inspect the yards periodically to determine if any additional BMPs are needed at these sites.

As in the previous year, chloride levels at pond outfalls were somewhat higher than usual
in the winter samples. The winters of both 2010 and 2011 saw abnormally severe winter storms,
with several feet of snowfall and continual emergency operations. Once the storm periods
passed, chloride levels returned to normal background levels.
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F. Vehicle Wash Water Plan

In July of 2005, DelDOT submitted a report entitled Statewide Vehicle Wash Water
Practices for DelDOT Maintenance Yards (see Annual Report 2005, Volume 2 of 2, Appendix
Z) to DNREC. This report outlined the Department’s proposal for treating vehicle wash water
on-site at our sixteen (16) maintenance facilities. Our goal was to develop options to treat
vehicle wash water and stormwater to acceptable levels before it exits our site and enters
receiving waters. To meet this objective we developed a stormwater “treatment train” at each
maintenance facility. This method incorporates multiple Best Management Practices (BMPs) to
treat wash water to the maximum extent practicable. In several cases, existing practices, together
with proposed policy changes and employee training, were sufficient to treat the vehicle wash
water. In other cases, there is a need to design and construct retrofits at the facilities.

In the 2010 Annual Report we detailed the Harrington Maintenance Yard stormwater
retrofit that had been completed. In 2011 we began and completed the design for a Vehicle
Wash Area Retrofit at the Chapman Maintenance Yard.

The Chapman Maintenance Yard Retrofit Design was completed in December 2011. The
existing BMP treatment train consists of a vehicle wash pad with a sediment screen which drains
to a Hydrodynamic Separator (Stromceptor) and from there to a Delaware Sand Filter. Due to the
heavy sediment loads at the facility, maintenance of the Stormceptor and Sand Filter became a
weekly activity that took resources from other duties.

In order to improve the maintenance cycle of the facility from weekly to monthly, the
existing treatment train will be replaced with a sediment basin. The new sediment basin will be
lined with articulated block on the bottom and soil confinement slope protection along the banks
for ease of maintenance. Construction of the new facility will begin in Spring 2012 and will be
completed by maintenance staff.
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Table 16-1. 2011 wet weather monitoring results from DelDOT maintenance facility BMP
outfalls. The samples were collected once in each of the following six-month periods: January
through June, and July through December. All results are reported in mg/L.

KIAMENSI BEAR CHESWOLD HARRINGTON
PARAMETER
01/18/11 | 08/09/11 | 01/18/11 | 08/09/11 | 01/18/11 | 09/06/11 | 01/18/11 | 09/06/11
Total Suspended 35 78 8 261" 372" 36 6 5
Solids
Surfactants, MBAs | 0.18 0.20 0.11 0.16 0.16 0.19 0.07 0.08
Chloride 15700 | 1580 1620 107 9170 258 143 68.2
TPH-Gasoline Range | 45 | <0o5 | <005 | <005 | <0.05 | <005 | <0.05 | <0.05
Organics
TPH-Diesel Range | ) o¢ 0.28 0.23 0.48 0.66 0.39 0.11 0.16
Organics
oH 7.58 7.34 9.51 7.23 7.42 752 7.50 8.93

*Exceeds benchmark value.

Benchmark Values:
TSS - 100 mg/L

Surfactants — 1.0 mg/L
Chlorides — no benchmark exists

Oil and Grease — 15 mg/L
pH-61to0 9s.u.
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Appendix A. KCI Technologies storm drain inventory and inspection project
summary report for 2011.



DELDOT AGREEMENT 1591
STATEWIDE MS4 / BMP INVENTORY & INSPECTION

2011 ANNUAL REPORT

The following is a summary of work performed by KCI Technologies, Inc. (KCI) and Century
Engineering, Inc. (CEI) from January 1 to December 31, 2011 on the Delaware Department of
Transportation’s (DelDOT) Agreements 1354 and 1591. The 5-year Agreement 1354 ended in
December 2011. The KCI/CEI Team was awarded Agreement 1591 in November 2011, and
Notice to Proceed for Task 1 of this 3-year open-end contract was granted on December 8, 2011.

A. PROJECT MANAGEMENT

in 2011, KCI submitted a 2010

Agreement 1354 Annual Report and a TABLE 1
2010 Annual BMP Inventory & PROJECT STATUS AND
Inspection Report, as well as several INTERNAL FIELD STAFF MEETINGS
Memorandums. In addition, KCI
conducted six project status meetings and Project Status | Internal Field Staff
four internal field staff meetings (Table
1). 03/10/11 (#36) 04/04/11
‘ ' 05/05/11 (#37) 06/09/11
The project status meetings were held
with DelDOT, KCI, and CEI to discuss 06/23/11 (#38) 09/14/11
work completed and outstanding issues. 09/01/11 (#39) 10/27/11
KCI digtributed an agepda at least two 10/20/11 (#40)
days prior to each meeting and prepared
meeting minutes for each meeting within 12/08/11 (#41)
48 hours, including an Action Item List
highlighting necessary actions,

responsible parties, and target completion dates. These meetings have been highly effective in
coordinating with DelDOT, identifying priority work, and resolving issues in a timely manner.

KCI conducted internal field staff meetings to discuss scheduling and to identify any data
collection issues. The purpose of the internal meetings was to provide an opportunity for field
crews to share their experiences with other field crews, and to develop the most efficient and
consistent inspection methodology. Additional internal meetings were held with KCI’s
GeoSpatial Solutions staff to discuss and schedule refinements to the NPDES Map Viewer
according to DelDOT’s comments.

In 2011, KCI conducted four DeIDOT NPDES Map Viewer Training Sessions (Table 2). These
training sessions were held in March 2011 for DelIDOT maintenance staff and in November 2011
for DelDOT design staff. The purpose of the training sessions was to introduce the non-NPDES
DelDOT staff to the Map Viewer, provide instruction on its use, and offer example-specific
exercises that illustrated how the viewer could aid DelDOT staff.
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TABLE 2
DELDOT NPDES MAP VIEWER TRAINING SESSIONS
Map Viewer Training
NPDES Map Viewer Training - Dry Run 03/22/11
NPDES Map Viewer Training - South Maintenance 03/29/11
NPDES Map Viewer Training - North Maintenance 04/28/11
NPDES Map Viewer Training - Design Staff (2 sessions) 11/29/11

Table 3 lists the deliverables transmitted to DelDOT in 2011. A majority of these deliverables
related to BMP inspections and reports. Other deliverables pertinent to Agreement 1591 are
included in the Agreement 1495 Environmental Water Quality Monitoring 2011 Annual Report,
which includes outfall screening and illicit discharge investigations, some of which originated
from Agreement 1591 inventory and inspection.

TABLE 3
DELIVERABLES
Date Deliverable
02/23/11 Asset Management Project to University of Delaware
02/23/11 Agreement 1354 2010 Annual Report
03/10/11 Draft 2010 Annual BMP Report
03/30/11 Agreement 1354 NPDES GIS Database to USEPA
05/11/11 Final 2010 Annual BMP Report — PDF Files
06/22/11 BMPs 6, 84, 90, 166 Sediment Analysis — ACL Results
07/22/11 2011 Cattail/Phragmite Spray Map
07/22/11 2011 BMP Inspection Updates
08/05/11 Map Viewer User List 08-05-11
08/09/11 Interim Status Meeting Update
08/29/11 MWOs minus Completed MWOs to date
08/29/11 Added fields for Problem Code and Failure Class
09/06/11 DelDOT NPDES Geodatabase to Doug Rambo (DNREC)
09/08/11 Revised Maintenance Work Orders to DelDOT
09/12/11 Map Viewer User List 09-12-11
09/14/11 Notification that BMP Plan sheets were fixed in Map Viewer Supplemental Files
10/11/11 10/11/11 BMP 126 Inspection Memorandum: Sediment Depth Measurements
12/20/11 Map Viewer User List 12-20-11
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B. DATABASE MANAGEMENT

In 2007, KCI’s Technology Services division developed a field application using advanced
hardware, redesigned the existing Database structure to allow for re-inspections, migrated all
existing data into the new Database design, and began development of a new field application to
fit the new Database design.

In 2008, KCI’s Technology Services division completed the development of the Field
Application, Version 2 and developed a Web-based Map Viewer to replace and upgrade
DelDOT’s existing Map Viewer. In 2009, DelDOT expressed a desire for KCI to simplify the
Map Viewer, especially the querying capabilities.

In 2010, KCI completed the refinements to the Map Viewer including simplifying querying and
report creation for BMPs, conveyances and structures, and adding a drainage area layer for
BMPs and Major Outfalls. In addition, KCI developed a Map Viewer User’s Guide to assist with
the use of the viewer.

In 2011, KCI assisted
DelDOT in formal training
sessions to educate DelDOT
design and maintenance
staff on the use of the Map
Viewer.

The current ArcGIS Server
9.3.1 webADF codebase
was migrated to ESRI's
ArcGIS Server 10.0 SP2
Javascript API at the end of
2011 in preparation for the
ESRI's webADF depre-
cation at ArcGIS Server
10.1. The Javascript API
version of the DelDOT
NPDES web viewer will be
put into production in early
2012.
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C. BEST MANAGEMENT PRACTICE (BMP) INVENTORY AND INSPECTION

In early 2012 under separate cover, KCI will submit the 2011 Annual BMP Inventory &
Inspection Report. The 2011 Annual Report will summarize the inspections for each BMP and
provide recommended actions for BMPs in four categories:

. BMPs requiring MAINTENANCE by DelDOT maintenance staff (Maintenance Work
Orders),

. BMPs requiring INVASIVE SPECIES to be eradicated by third party contractor,

o BMPs requiring CONTRACTED WORK by a third party contractor, and

. BMPs requiring RETROFIT evaluations by DelDOT’s Stormwater Quality Program staff.

BMPs are assigned a summary rating based on the recommended actions identified during the
inspections. These ratings are defined in Table 4. In 2011, KCI inspected only those BMPs that
were rated A and B in 2010. BMPs rated C and D are being scheduled for maintenance as part
of a separate DelDOT maintenance contract. Table 5 summarizes the BMP inspections
conducted in 2011 by KCI and CEI. The ratings shown in Table 5 are preliminary at this stage,
and will be reviewed and finalized during DelDOT’s review and completion of the 2011 Annual
BMP Inventory & Inspection Report.

TABLE 4
OVERALL BMP RATING SYSTEM

Rating Description

No Performance Issues
BMP with No Issues affecting performance.

Minor Maintenance
B BMP with Minor Maintenance required; repaired by DelDOT maintenance district or
third party invasive spray contractor.

Major Maintenance

c BMP with Major Maintenance required; repaired by third party contractor.
Retrofit
D BMP with Retrofit requirements; BMP is failing; needs to be redesigned or re-built with

input from DelDOT Stormwater Quality Program.

TABLE 5
2011 BMP INSPECTIONS AND RATINGS
BMP Performance Rating

District Total BMPs Inspected
A B C D
North 68 29 36 3 0
Canal 84 22 61 1 0
Central 22 8 14 0 0
South 50 35 15 0 0
TOTAL 224 94 126 4 0
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D. NEW CASTLE COUNTY RE-INSPECTION

KCI began re-inspection of DelDOT’s MS4 in New Castle County subdivisions in February
2008, based on KCI’s Subdivision Re-inspection Schedule (Table 6). The re-inspection schedule
is based on a 5- and 10-year re-inspection cycle for subdivisions according to the acceptance date
of the subdivisions. The subdivisions planned for re-inspection in 2009 (subdivisions accepted
from 1951-1965) were completed in March 2010. In October 2010, DelDOT requested that KCI
dedicate both KCI field crews to Kent County Initial Inventory and Inspection work. In 2012,
KCI will be assigning a field crew to New Castle County to continue re-inspecting the 1951-
1965 subdivisions.

TABLE 6
SUBDIVISION RE-INSPECTION SCHEDULE

Year Subdivisions Cycle Re-inspect? Date Completed
1 Database Re-design -- -- December 2007
2 1935-1950 5 Yes December 2008
3 1951-1965 5 Yes May 2010
4 1966-1980 5 Yes 25% Complete
5 1981-1995 10 Yes --
5 1996-2005 10 No --

New Castle County Inventory and Inspection — Subdivision Re-inspection
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E. NEW CASTLE COUNTY INITIAL INVENTORY AND INSPECTION

KCI suspended Initial Inventory and Inspection work in New Castle County in October 2010 in
order to focus on completing Kent County Initial Inventory and Inspection work by the end of
2011. In 2012, KCI will be assigning a field crew to New Castle County. This field crew will
focus on inventory of new storm drain systems associated with recently constructed roadway
improvement projects such as, 1-95 from the City of Wilmington and the Maryland State line.
KCI will be utilizing a Desktop approach to this inventory for new roadways, by using
construction plans and electronic files. This will save time and money by eliminating
Maintenance of Traffic.

In addition to new storm drain systems associated with new roadway construction, KCI will be
implementing a new process for inventory and inspection of recently accepted subdivision streets
and storm drain systems. Once subdivision streets (and storm drain systems) are accepted by
DelDOT, there is a three-year warranty period, whereby the developer is responsible for
maintenance of the street and storm drains system. KCI will aim to inventory and inspect these
storm drain system in these newly accepted subdivisions during the 3™ year of the warranty to
help unsure that these systems are in good condition when the warranty period ends.

F. KENT / SUSSEX COUNTIES INITIAL INVENTORY AND INSPECTION

KCI and CEI focused on completing the Initial Inventory and Inspection work in Kent County in
2011. Kent County was 99% complete as of December 2011. The KCI/CEI Team inventoried
and inspected 11 subdivisions and 376.5 miles of non-subdivision roadways, for a total of 20,149
structures in Kent and Sussex Counties (Table 7). Starting in 2012, KCI and CEI will focus on
completing the inventory & inspection of Sussex County within three years.

Kent County Initial Inventory and Inspection — Open Drainage
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TABLE 7
2011 INITIAL INVENTORY / INSPECTION TOTALS
KENT / SUSSEX COUNTIES
Month (2011) Subdivisions Non-Subdivision Roadway Miles Structures
January 0 25.0 1,509
February 0 339 1,969
March 0 35.0 1,822
April 0 31.6 1,462
May 0 21.5 1,405
June 0 38.1 1,819
July 0 30.2 1,740
August 0 23.1 1,680
September 0 29.7 1,439
October 0 30.2 2.044
November 5 57.8 1,739
December 6 19.5 1,521
TOTAL 11 375.6 20,149
+

Kent County Initial Inventory and Inspection — Closed Drainage
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G. 2011 MAINTENACE WORK ORDERS

During the MS4 inventory and inspection process, storm drain system deficiencies identified by
KCI are submitted to DelDOT for upload to their maintenance work order system, MAXIMO.
MAXIMO delivers the work order to the appropriate maintenance district, lists the concern,
identifies a remedial action, and rates the concern (minor to severe). Table 8 lists the
maintenance work orders submitted to DelDOT and completed by DelDOT in 2011. Some issues
related to safety (i.e., missing or broken catch basin grate) are considered Immediate Action
concerns, and the appropriate maintenance district staff is notified as soon as these safety issues
are identified.

TABLE 8
2011 MAINTENANCE WORK ORDERS (NO.)
Type North District | Canal District | Central District | South District
Submitted to DelDOT 321 152 63 36
Completed by DelDOT 117 40 13 0

Maintenance Work Order - Broken Grate



DELDOT AGREEMENT 1591
STATEWIDE MS4 / BMP INSPECTIONS

2011 ANNUAL REPORT

H. STATEWIDE INVENTORY SUMMARY

Tables 9, 10, and 11 summarize the number of BMPs, Structures and Conveyances contained in
the DelDOT NPDES Database.

TABLE 9
STATEWIDE STRUCTURES (NO.)
Category NCC Kent Sussex
Inlet 43,207 19,391 2,786
Outfall 8,040 11,395 1,888
Manhole 5,164 776 25
Swale End 4,656 2,729 202
TOTAL 61,067 34,291 4,901
TABLE 10
STATEWIDE CONVEYANCES (LF.)
Type NCC Kent Sussex
Open 2,226,208 8,311,273 563,975
Closed 4,661,498 1,542,543 180,646
TOTAL 6,887,706 9,853,816 744,621
TABLE 11
STATEWIDE BMP (NO.)
Type NCC Kent Sussex
Check Dam 6 0 0
Bioswale 70 7 51
Bioretention 19 0 1
Dry Pond 44 6 2
Filter Strip 4 2 0
Infiltration Basin / Trench 9 1 0
Sand Filter 66 1 1
Sediment Forebay 4 0 3
Wet Pond 85 23 8
Wet Pond / Wetland 3 0 0
TOTAL 310 40 66
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BMPNUMBER BMP_TYPE DISTRICT WATERSHED DRAINAGE AREA
6 Wet Pond NORTH DISTRICT | White Clay Creek 27.833158
20 Dry Pond NORTH DISTRICT | White Clay Creek 6.965438
21 Wet Pond NORTH DISTRICT | White Clay Creek 44.665304
22 Dry Pond NORTH DISTRICT | Brandywine Creek 2.499124
23 Dry Pond NORTH DISTRICT Naamans Creek Needs Revised
24 Dry Pond NORTH DISTRICT Naamans Creek 11.50980
25 Dry Pond NORTH DISTRICT Naamans Creek 12.373599
26 Biofiltration Swale NORTH DISTRICT Shellpot Creek 2.204201
27 Biofiltration Swale NORTH DISTRICT Shellpot Creek 2.419678
28 Dry Pond NORTH DISTRICT | White Clay Creek Needs Revised
30 Dry Pond NORTH DISTRICT Naamans Creek Needs Revised
31 Wet Pond NORTH DISTRICT Naamans Creek 12.459305
32 Biofiltration Swale NORTH DISTRICT Shellpot Creek 2.336966
33 Dry Pond NORTH DISTRICT Naamans Creek 15.899145
34 Biofiltration Swale NORTH DISTRICT Shellpot Creek 2.301324
35 Sediment Forebay NORTH DISTRICT Naamans Creek 1.564613
49 Infiltration NORTH DISTRICT Red Clay Creek 4.751343
51 Biofiltration Swale NORTH DISTRICT Shellpot Creek 2.264879
52 Sand Filter NORTH DISTRICT Christina River 0.250106
54 Sand Filter NORTH DISTRICT Christina River 0.267040
55 Sand Filter NORTH DISTRICT Christina River 0.281614
56 Sand Filter NORTH DISTRICT Christina River 0.231918
57 Sand Filter NORTH DISTRICT Christina River 0.286981
58 Sand Filter NORTH DISTRICT Christina River 0.097492
59 Sand Filter NORTH DISTRICT Christina River 0.107620
60 Sand Filter NORTH DISTRICT Christina River 0.068564
61 Sand Filter NORTH DISTRICT Christina River 0.056158
62 Sand Filter NORTH DISTRICT Christina River 0.325722
63 Sand Filter NORTH DISTRICT Christina River 0.090960
64 Sand Filter NORTH DISTRICT Christina River 0.288742
65 Sand Filter NORTH DISTRICT Christina River 0.383793
66 Sand Filter NORTH DISTRICT Christina River 0.585886
67 Sand Filter NORTH DISTRICT Christina River 0.264047
68 Sand Filter NORTH DISTRICT Christina River Needs Revised
69 Sand Filter NORTH DISTRICT Christina River 0.315996
70 Sand Filter NORTH DISTRICT Christina River Needs Revised
71 Sand Filter NORTH DISTRICT Christina River Needs Revised
72 Sand Filter NORTH DISTRICT Christina River 0.330748
73 Sand Filter NORTH DISTRICT Christina River Needs Revised
75 Biofiltration Swale NORTH DISTRICT Christina River 3.162572
76 Wet Pond NORTH DISTRICT Red Clay Creek 11.866607
78 Wet Pond NORTH DISTRICT Christina River 7.661271
79 Dry Pond NORTH DISTRICT | White Clay Creek 16.614896
80 Biofiltration Swale NORTH DISTRICT | White Clay Creek 11.311946
82 Dry Pond NORTH DISTRICT | White Clay Creek 6.899646
104 Biofiltration Swale NORTH DISTRICT | White Clay Creek 9.409657




105 Wet Pond NORTH DISTRICT | White Clay Creek 32.850873
142 Wet Pond NORTH DISTRICT | White Clay Creek 10.78222
143 Dry Pond NORTH DISTRICT Christina River 43.478047
182 Wet Pond NORTH DISTRICT | White Clay Creek 62.89535
183 Dry Pond NORTH DISTRICT | White Clay Creek Needs Revised
184 Biofiltration Swale NORTH DISTRICT | White Clay Creek 2.421539
192 Bioretention NORTH DISTRICT Red Clay Creek 1.660443
194 Wet Pond NORTH DISTRICT Naamans Creek 11.924716
198 Wet Pond NORTH DISTRICT | White Clay Creek 50.784805
199 Wet Pond NORTH DISTRICT | White Clay Creek 19.703406
217 Wet Pond NORTH DISTRICT Red Clay Creek 1.482329
218 Wet Pond NORTH DISTRICT Red Clay Creek 2.257315
220 Wet Pond NORTH DISTRICT Christina River New

223 Wet Pond NORTH DISTRICT | White Clay Creek 4.415904
224 Wet Pond NORTH DISTRICT | White Clay Creek 14.406345
225 Wet Pond NORTH DISTRICT | White Clay Creek 40.757758
229 Biofiltration Swale NORTH DISTRICT Shellpot Creek 4.704075
230 Dry Pond NORTH DISTRICT Shellpot Creek 4.564881
232 Filter Strip NORTH DISTRICT Naamans Creek 1.574038
233 Sediment Forebay NORTH DISTRICT Naamans Creek 2.763157
234 Wet Pond NORTH DISTRICT Red Clay Creek 3.027968
244 Wet Pond NORTH DISTRICT Christina River 3.608972
245 Wet Pond NORTH DISTRICT | White Clay Creek 0.788233
249 Wet Pond NORTH DISTRICT | Brandywine Creek New

250 Wet Pond NORTH DISTRICT | Brandywine Creek New

251 Wet Pond NORTH DISTRICT | Brandywine Creek New

253 Shallow Marsh NORTH DISTRICT Shellpot Creek 7.819764
254 Shallow Marsh NORTH DISTRICT Naamans Creek Needs Revised
297 Dry Pond NORTH DISTRICT Shellpot Creek New

298 Dry Pond NORTH DISTRICT Shellpot Creek New

299 Dry Pond NORTH DISTRICT Shellpot Creek New

313 Sediment Forebay NORTH DISTRICT Naamans Creek 0.871629
314 Sediment Forebay NORTH DISTRICT Naamans Creek 0.328131
354 Check Dam NORTH DISTRICT Shellpot Creek Needs Revised
355 Check Dam NORTH DISTRICT Shellpot Creek Needs Revised
357 Check Dam NORTH DISTRICT Naamans Creek Needs Revised
358 Check Dam NORTH DISTRICT Naamans Creek Needs Revised
359 Check Dam NORTH DISTRICT Naamans Creek Needs Revised
360 Check Dam NORTH DISTRICT Naamans Creek Needs Revised
364 Sand Filter NORTH DISTRICT Christina River 0.300622
365 Sand Filter NORTH DISTRICT Christina River 0.258805
366 Sand Filter NORTH DISTRICT Christina River 0.197737
367 Sand Filter NORTH DISTRICT Christina River 0.509143
368 Sand Filter NORTH DISTRICT Christina River 0.077412
369 Sand Filter NORTH DISTRICT Christina River 0.025892
370 Sand Filter NORTH DISTRICT Christina River 0.267578
371 Sand Filter NORTH DISTRICT Christina River 0.162554




372 Sand Filter NORTH DISTRICT Christina River 0.09026
373 Sand Filter NORTH DISTRICT | Brandywine Creek 0.223887
374 Sand Filter NORTH DISTRICT | Brandywine Creek 0.096053
375 Sand Filter NORTH DISTRICT | Brandywine Creek 0.288975
376 Sand Filter NORTH DISTRICT | Brandywine Creek 0.03181
377 Sand Filter NORTH DISTRICT | Brandywine Creek 0.051271
378 Sand Filter NORTH DISTRICT | Brandywine Creek 0.104184
379 Sand Filter NORTH DISTRICT | Brandywine Creek 0.063442
380 Sand Filter NORTH DISTRICT | Brandywine Creek 0.08557
381 Sand Filter NORTH DISTRICT | Brandywine Creek 0.103375
382 Sand Filter NORTH DISTRICT | Brandywine Creek 0.057111
383 Sand Filter NORTH DISTRICT | Brandywine Creek 0.080331
384 Sand Filter NORTH DISTRICT | Brandywine Creek 0.077254
385 Sand Filter NORTH DISTRICT | Brandywine Creek 0.059188
386 Sand Filter NORTH DISTRICT | Brandywine Creek 0.151312
387 Sand Filter NORTH DISTRICT | Brandywine Creek 0.203001
388 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
389 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
390 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
391 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
392 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
393 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
394 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
395 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
396 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
397 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
420 Water Treatment Separator NORTH DISTRICT Shellpot Creek New

421 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
422 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
423 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
424 Sand Filter NORTH DISTRICT | Brandywine Creek Needs Revised
425 Sand Filter NORTH DISTRICT Christina River 0.119322
426 Sand Filter NORTH DISTRICT Christina River Needs Revised
427 Sand Filter NORTH DISTRICT Christina River 0.054346
428 Sand Filter NORTH DISTRICT Christina River 0.064027
429 Sand Filter NORTH DISTRICT Christina River 0.108505
430 Sand Filter NORTH DISTRICT Christina River 0.310814
433 Bioretention NORTH DISTRICT | Brandywine Creek Needs Revised
434 Wet Pond NORTH DISTRICT | Brandywine Creek Needs Revised
435 Bioretention NORTH DISTRICT | Brandywine Creek Needs Revised
436 Wet Pond NORTH DISTRICT | Brandywine Creek Needs Revised
437 Bioretention NORTH DISTRICT | Brandywine Creek Needs Revised
438 Wet Pond NORTH DISTRICT | Brandywine Creek Needs Revised
800 Dry Pond NORTH DISTRICT Shellpot Creek New

801 Dry Pond NORTH DISTRICT Shellpot Creek New

802 Wet Pond NORTH DISTRICT Shellpot Creek New

820 Wet Pond NORTH DISTRICT | Brandywine Creek New




821 Wet Pond NORTH DISTRICT | Brandywine Creek New
822 Wet Pond NORTH DISTRICT | Brandywine Creek New
2000 Wet Pond NORTH DISTRICT | Brandywine Creek New
2001 Wet Pond NORTH DISTRICT | Brandywine Creek New
2002 Infiltration CANAL DISTRICT Christina River New
2003 Infiltration CANAL DISTRICT Christina River New




BMPNUMBER BMP_ TYPE DISTRICT WATERSHED DRAINAGE AREA

2 Infiltration CANAL DISTRICT Blackbird Creek 1.90668

3 Dry Pond CANAL DISTRICT Christina River 13.134277

9 Wet Pond CANAL DISTRICT Smyrna River 14.624372
11 Wet Pond CANAL DISTRICT C & D Canal East Needs Revised
12 Wet Pond CANAL DISTRICT C & D Canal East Needs Revised
13 Wet Pond CANAL DISTRICT C & D Canal East 20.683926
14 Wet Pond CANAL DISTRICT C & D Canal East Needs Revised
15 Wet Pond CANAL DISTRICT C & D Canal East Needs Revised
16 Wet Pond CANAL DISTRICT C & D Canal East Needs Revised
19 Wet Pond CANAL DISTRICT C & D Canal East 3.645933
37 Biofiltration Swale | CANAL DISTRICT White Clay Creek 14.468186
38 Dry Pond CANAL DISTRICT White Clay Creek 22.618471
39 Wet Pond CANAL DISTRICT Christina River 13.684574
40 Wet Pond CANAL DISTRICT Christina River 2.314486
41 Wet Pond CANAL DISTRICT White Clay Creek 2.713154
42 Wet Pond CANAL DISTRICT White Clay Creek 13.731261
43 Wet Pond CANAL DISTRICT White Clay Creek Needs Revised
44 Wet Pond CANAL DISTRICT White Clay Creek 12.261966
46 Sand Filter CANAL DISTRICT Christina River Needs Revised
84 Wet Pond CANAL DISTRICT Christina River 1.778707
85 Dry Pond CANAL DISTRICT Christina River Needs Revised
86 Dry Pond CANAL DISTRICT Christina River Needs Revised
87 Wet Pond CANAL DISTRICT Christina River Needs Revised
88 Wet Pond CANAL DISTRICT Christina River 17.866496
89 Wet Pond CANAL DISTRICT Christina River Needs Revised
90 Wet Pond CANAL DISTRICT Christina River Needs Revised
91 Wet Pond CANAL DISTRICT Red Lion Creek Needs Revised
92 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
93 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River Needs Revised
95 Wet Pond CANAL DISTRICT Smyrna River Needs Revised
96 Wet Pond CANAL DISTRICT Smyrna River Needs Revised
97 Wet Pond CANAL DISTRICT Blackbird Creek Needs Revised
98 Wet Pond CANAL DISTRICT Blackbird Creek Needs Revised
99 Wet Pond CANAL DISTRICT Blackbird Creek Needs Revised
100 Wet Pond CANAL DISTRICT Blackbird Creek Needs Revised
101 Wet Pond CANAL DISTRICT Blackbird Creek Needs Revised
102 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
107 Biofiltration Swale | CANAL DISTRICT Christina River Needs Revised
108 Wet Pond CANAL DISTRICT White Clay Creek 15.984621
111 Wet Pond CANAL DISTRICT Blackbird Creek 12.991143
118 Dry Pond CANAL DISTRICT | Appoquinimink River 6.166858
119 Infiltration CANAL DISTRICT | Appoquinimink River Needs Revised
120 Dry Pond CANAL DISTRICT | Appoquinimink River 10.643955
121 Dry Pond CANAL DISTRICT | Appoquinimink River 8.661794
122 Dry Pond CANAL DISTRICT | Appoquinimink River 0.894388
123 Dry Pond CANAL DISTRICT | Appoquinimink River 3.016968




124 Wet Pond CANAL DISTRICT | Appoquinimink River 2.673429
125 Dry Pond CANAL DISTRICT | Appoquinimink River 2.276998
127 Wet Pond CANAL DISTRICT | Appoquinimink River 1.951311
128 Wet Pond CANAL DISTRICT | Appoquinimink River 5.090856
129 Dry Pond CANAL DISTRICT | Appoquinimink River 10.652022
130 Wet Pond CANAL DISTRICT | Appoquinimink River 5.291645
131 Wet Pond CANAL DISTRICT | Appoquinimink River 5.22193
132 Dry Pond CANAL DISTRICT | Appoquinimink River 6.622965
133 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
134 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
135 Dry Pond CANAL DISTRICT | Appoquinimink River 2.460933
136 Dry Pond CANAL DISTRICT | Appoquinimink River 4114444
137 Wet Pond CANAL DISTRICT Christina River Needs Revised
138 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
139 Wet Pond CANAL DISTRICT Christina River Needs Revised
140 Dry Pond CANAL DISTRICT | Appoquinimink River 6.847985
141 Wet Pond CANAL DISTRICT | Appoquinimink River Needs Revised
147 Biofiltration Swale | CANAL DISTRICT Christina River 1.210174
148 Biofiltration Swale | CANAL DISTRICT Christina River Needs Revised
149 Biofiltration Swale | CANAL DISTRICT Christina River 1.523217
150 Biofiltration Swale | CANAL DISTRICT Christina River 1.890024
151 Biofiltration Swale | CANAL DISTRICT Christina River 0.924576
152 Biofiltration Swale | CANAL DISTRICT Christina River 0.760537
153 Biofiltration Swale | CANAL DISTRICT Christina River Needs Revised
154 Biofiltration Swale | CANAL DISTRICT Christina River 0.864447
155 Biofiltration Swale | CANAL DISTRICT Christina River 0.406167
156 Biofiltration Swale | CANAL DISTRICT Christina River 0.519369
160 Biofiltration Swale | CANAL DISTRICT Christina River 0.944721
162 Biofiltration Swale | CANAL DISTRICT Christina River Needs Revised
163 Biofiltration Swale | CANAL DISTRICT Christina River Needs Revised
166 Dry Pond CANAL DISTRICT Christina River Needs Revised
171 Wet Pond CANAL DISTRICT Christina River 4.341939
173 Wet Pond CANAL DISTRICT Christina River 11.618766
179 Wet Pond CANAL DISTRICT Christina River 9.43294
181 Wet Pond CANAL DISTRICT | Appoquinimink River Needs Revised
185 Wet Pond CANAL DISTRICT | Appoquinimink River Needs Revised
186 Wet Pond CANAL DISTRICT | Appoquinimink River 19.787513
187 Wet Pond CANAL DISTRICT | Appoquinimink River 5.72202
188 Dry Pond CANAL DISTRICT | Appoquinimink River 12.929932
189 Wet Pond CANAL DISTRICT | Appoquinimink River 7.907117
190 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
191 Wet Pond CANAL DISTRICT | Appoquinimink River 14.668988
193 Dry Pond CANAL DISTRICT Christina River Needs Revised
196 Dry Pond CANAL DISTRICT Christina River 4.65151
202 Wet Pond CANAL DISTRICT Red Lion Creek Needs Revised
219 Wet Pond CANAL DISTRICT Dragon Run Creek 21.701774
221 Wet Pond CANAL DISTRICT C & D Canal West 5.992198




222 Wet Pond CANAL DISTRICT Christina River 15.268249
235 Wet Pond CANAL DISTRICT Christina River Needs Revised
237 Biofiltration Swale | CANAL DISTRICT Delaware River Needs Revised
238 Biofiltration Swale | CANAL DISTRICT Delaware River 4.217356
239 Wet Pond CANAL DISTRICT Christina River Needs Revised
240 Wet Pond CANAL DISTRICT Christina River Needs Revised
241 Wet Pond CANAL DISTRICT Christina River Needs Revised
242 Wet Pond CANAL DISTRICT Red Lion Creek 10.604345
291 Bioretention CANAL DISTRICT Bohemia Creek Needs Revised
311 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River Needs Revised
319 Infiltration CANAL DISTRICT | Appoquinimink River Needs Revised
335 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New

337 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New

339 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

340 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

341 Wet Pond CANAL DISTRICT | Appoquinimink River New

342 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

343 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

344 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

345 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

346 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

347 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

348 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

349 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

350 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

351 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

352 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New

353 Infiltration Trench | CANAL DISTRICT | Appoquinimink River New

398 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
399 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
400 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
431 Dry Pond CANAL DISTRICT | Appoquinimink River Needs Revised
432 Biofiltration Swale | CANAL DISTRICT Smyrna River Needs Revised
464 Bioretention CANAL DISTRICT | Appoquinimink River Needs Revised
465 Bioretention CANAL DISTRICT Christina River New

466 Bioretention CANAL DISTRICT Christina River New

467 Infiltration CANAL DISTRICT Christina River New

468 Bioretention CANAL DISTRICT Christina River New

469 Bioretention CANAL DISTRICT Christina River New

470 Bioretention CANAL DISTRICT Christina River New

471 Bioretention CANAL DISTRICT Christina River New

472 Bioretention CANAL DISTRICT Christina River New

473 Bioretention CANAL DISTRICT Christina River New

474 Infiltration CANAL DISTRICT Christina River New

475 Bioretention CANAL DISTRICT Christina River New

476 Bioretention CANAL DISTRICT Christina River New

477 Bioretention CANAL DISTRICT Christina River New




478 Bioretention CANAL DISTRICT Christina River New
479 Infiltration CANAL DISTRICT Christina River New
480 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
481 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
482 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
483 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
484 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
485 Biofiltration Swale | CANAL DISTRICT | Appoquinimink River New
1012 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1013 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1014 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1015 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1016 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1017 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1018 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1019 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1020 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1021 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1022 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1023 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1024 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1025 Filter Strip CANAL DISTRICT Bohemia Creek New
1026 Filter Strip CANAL DISTRICT Bohemia Creek New
1027 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1028 Filter Strip CANAL DISTRICT Bohemia Creek New
1029 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1030 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1031 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1032 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1033 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1034 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1036 Biofiltration Swale | CANAL DISTRICT Bohemia Creek New
1037 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1038 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1039 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1040 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1041 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1042 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1043 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1044 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1045 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1046 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1047 Biofiltration Swale | CANAL DISTRICT C & D Canal West New
1048 Biofiltration Swale | CANAL DISTRICT C & D Canal West New




BMPNUMBER BMP_TYPE DISTRICT WATERSHED DRAINAGE AREA
5 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
7 Wet Pond CENTRAL DISTRICT Leipsic River Needs Revised
8 Wet Pond CENTRAL DISTRICT Smyrna River Needs Revised
10 Dry Pond CENTRAL DISTRICT Leipsic River Needs Revised
17 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
18 Wet Pond CENTRAL DISTRICT Little Creek 9.301215
29 Wet Pond CENTRAL DISTRICT Smyrna River Needs Revised
77 Wet Pond CENTRAL DISTRICT St. Jones River 7.938456
81 Wet Pond CENTRAL DISTRICT St. Jones River 20.393248
83 Wet Pond CENTRAL DISTRICT Smyrna River Needs Revised
94 Wet Pond CENTRAL DISTRICT Murderkill River Needs Revised

106 Infiltration CENTRAL DISTRICT Mispillion River Needs Revised
112 Bioretention CENTRAL DISTRICT St. Jones River New

113 Bioretention CENTRAL DISTRICT St. Jones River New

114 Bioretention CENTRAL DISTRICT St. Jones River New

115 Bioretention CENTRAL DISTRICT St. Jones River New

167 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
176 Sand Filter CENTRAL DISTRICT St. Jones River 0.238198
177 Dry Pond CENTRAL DISTRICT Leipsic River Needs Revised
178 Dry Pond CENTRAL DISTRICT St. Jones River 24.223931
197 Biofiltration Swale | CENTRAL DISTRICT St. Jones River 58.576795
203 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
204 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
205 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
206 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
207 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
208 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
209 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
210 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
211 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
212 Wet Pond CENTRAL DISTRICT St. Jones River Needs Revised
216 Biofiltration Swale | CENTRAL DISTRICT St. Jones River Needs Revised
243 Dry Pond CENTRAL DISTRICT Smyrna River Needs Revised
246 Wet Pond CENTRAL DISTRICT St. Jones River 11.820968
300 Biofiltration Swale | CENTRAL DISTRICT | Marshyhope Creek New

301 Biofiltration Swale [ CENTRAL DISTRICT | Marshyhope Creek New

302 Biofiltration Swale | CENTRAL DISTRICT | Marshyhope Creek New

303 Biofiltration Swale | CENTRAL DISTRICT | Marshyhope Creek New

304 Biofiltration Swale | CENTRAL DISTRICT | Marshyhope Creek New

305 Biofiltration Swale | CENTRAL DISTRICT | Marshyhope Creek New

312 Biofiltration Swale | CENTRAL DISTRICT St. Jones River 0.59879
328 Biofiltration Swale | CENTRAL DISTRICT St. Jones River 4.631927
329 Dry Pond CENTRAL DISTRICT Leipsic River Needs Revised
401 Filter Strip CENTRAL DISTRICT Little Creek Needs Revised
402 Biofiltration Swale | CENTRAL DISTRICT Little Creek Needs Revised
403 Biofiltration Swale | CENTRAL DISTRICT Little Creek Needs Revised




404 Biofiltration Swale | CENTRAL DISTRICT Little Creek Needs Revised
439 Wet Pond CENTRAL DISTRICT Little Creek Needs Revised
487 Filter Strip CENTRAL DISTRICT Little Creek New
488 Dry Pond CENTRAL DISTRICT Smyrna River New




BMPNUMBER BMP_TYPE DISTRICT WATERSHED DRAINAGE AREA
47 Biofiltration Swale | SOUTH DISTRICT | Little Assawoman Needs Revised
103 Biofiltration Swale | SOUTH DISTRICT Broadkill River Needs Revised
126 Sediment Forebay | SOUTH DISTRICT | Little Assawoman Needs Revised
145 Dry Pond SOUTH DISTRICT Deep Creek 13.634564
146 Dry Pond SOUTH DISTRICT Deep Creek 5.18186
168 Sand Filter SOUTH DISTRICT Rehoboth Bay Needs Revised
174 Biofiltration Swale | SOUTH DISTRICT | Indian River Bay New
180 Wet Pond SOUTH DISTRICT | Nanticoke River Needs Revised
200 Wet Pond SOUTH DISTRICT Indian River Needs Revised
201 Wet Pond SOUTH DISTRICT Indian River Needs Revised
226 Wet Pond SOUTH DISTRICT | Little Assawoman New
227 Biofiltration Swale | SOUTH DISTRICT | Little Assawoman New
228 Biofiltration Swale | SOUTH DISTRICT | Little Assawoman New
236 Wet Pond SOUTH DISTRICT | Mispillion River New
247 Wet Pond SOUTH DISTRICT Rehoboth Bay New
248 Bioretention SOUTH DISTRICT Deep Creek Needs Revised
295 Sediment Forebay | SOUTH DISTRICT Broadkill River New
296 Sediment Forebay | SOUTH DISTRICT Broadkill River New
307 Wet Pond SOUTH DISTRICT | Nanticoke River New
320 Filter Strip SOUTH DISTRICT Indian River New
405 Biofiltration Swale | SOUTH DISTRICT | Nanticoke River Needs Revised
406 Biofiltration Swale [ SOUTH DISTRICT | Nanticoke River Needs Revised
407 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
408 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
409 Biofiltration Swale | SOUTH DISTRICT | Nanticoke River Needs Revised
410 Biofiltration Swale | SOUTH DISTRICT | Nanticoke River Needs Revised
411 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
412 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
413 Biofiltration Swale | SOUTH DISTRICT | Nanticoke River Needs Revised
414 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
415 Biofiltration Swale | SOUTH DISTRICT [ Nanticoke River Needs Revised
489 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
490 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
491 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
492 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
493 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
494 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
495 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
496 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
497 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
498 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
499 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
500 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
501 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
502 Biofiltration Swale | SOUTH DISTRICT Broadkill River New
503 Biofiltration Swale | SOUTH DISTRICT Broadkill River New




504

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

505

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

506

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

507

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

508

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

509

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

510

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

511

Biofiltration Swale

SOUTH DISTRICT

Broadkill River

New

1000

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1001

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1002

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1003

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1004

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1005

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1006

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1007

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1008

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1009

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1010

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New

1011

Biofiltration Swale

SOUTH DISTRICT

Nanticoke River

New




Appendix C. 2011 Herbicide usage by contractors and DelDOT Maintenance Districts.



2011 NPDES - (Canada Thistle)

Product (Gallons/Lbs)

Method EOSG(Ibs) Telar XP(Ibs) Surfac820 Bullseye
2.519 0.23 3.142 0.486
2011 NCCo. - (Canada Thistle)
Product (Gallons/Lbs)
Method 50SG(Ibs) Telar XP(Ibs) Surfac820 Bullseye
13.5 1.24 14.796 2.462
2011 New Castle Co. - (Phragmites)
| Product (Gallons/Lbs)
Aquaneat(Glyphosate) 46-0-0(Ibs) MSO Bullseye
| 39.385 26.24 15.8 2.583
2011 NPDES - (Phragmites/Cattail)
| Product (Gallons/Lbs)
Aquaneat(Glyphosate) 46-0-0(Ibs) MSO Bullseye Polaris Trooper
| 53.2 17.7 21.3 2.454 4.13 1.19




2011 Guardrail, Islands, Signposts - North District

Product (Gallons/Lbs)

Diuron(Pounds) Proclipse(lbs) Panoramic Picloram + D| Aquaneat(Glyphosate 53.8%) Journey Bulls Eye Surfac 820 Soap Direct Control 41-A
2278.56 386.935 27.123 47.267 124.178 18.79 0.099 94.929 0.792 0.145
Guardrail, Islands, Signposts - Interstates
[No Treatments Performed
2011 Noxious Weeds
NPDES - (Canada Thistle)
Product (Gallons/Lbs)
Method 50SG(Ibs) Telar XP(Ibs) Surfac820 Bullseye
2.519 0.23 3.142 0.486
NCC Canada Thistle
Product (Gallons/Lbs)
Method 50SG(Ibs) Telar XP(Ibs) Surfac820 Bullseye
13.5 1.24 14.796 2.462
NCC - (Phragmites)
| Product (Gallons/Lbs)
Aquaneat(Glyphosate) 46-0-0(Ibs) MSO Bullseye
| 39.385 26.24 15.8 2.583
NPDES - (Phragmites/Cattail)
| Product (Gallons/Lbs)
Aquaneat(Glyphosate) 46-0-0(Ibs) MSO Bullseye Polaris Trooper
| 53.2 17.7 21.3 2.454 4.13 1.19
2011 Brush Treatment
| Product ( Gallons/Lbs)
Tahoe 3A MSO Escort XP(Ibs) Telar XP(Ibs) Method 50SG(Ibs) Trooper Bullseye Drift control
| 85.833 85.833 12.87 2.83 31.415 34.333 11.443 0.507




2011 Rt.1 - Brush Treatment

Product ( Gallons/Lbs)

Tahoe 3A

MSO

Escort XP(lbs)

Telar XP(Ibs)

Method 50SG(lbs)

Trooper

Bullseye

Drift control

85.833

85.833

12.87

2.83

31.415

34.333

11.443

0.507




Appendix D. KCI Technologies 2011 Outfall Screening Summary Report.
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DELDOT AGREEMENT 1495
WATER QUALITY MONITORING

OUTFALL SCREENING
2011 ANNUAL REPORT

As part of the Delaware Department of Transportation’s (DelDOT) National Pollutant Discharge
Elimination System (NPDES) General Permit Program Regulations Governing Stormwater
Discharge, KCI Technologies, Inc. was contracted to conduct dry weather outfall inspection and
monitoring of DelDOT-owned storm drain outfalls. Other activities conducted under this task
included: Investigation of Potential Illicit Discharges (PIDs), NPDES Flyer Awareness
Distribution, and Best Management Practices Drainage Area Delineation/Comparison.

A. OUTFALL SCREENING & POTENTIAL ILLICIT DISCHARGES

In 2011, 2800 outfalls were screened as part of the
inventory, inspection and re-inspection tasks under
Agreement 1354/1591.

In 2011, ten Potential Illicit Discharges (PIDs) were
investigated. Table 1 lists those PIDS that had dry
weather flow discharge and the testing results, as
well as PIDs that were investigated and determined
to have no follow-up requirements. Detailed
correspondence, field investigation information and
documentation regarding PIDs are provided in
Appendix A. Table 1 indicates the corresponding
Appendix A tab divider number (1-10) for each Outfall Screening

PID listed.

PID: 223 Sioux Court
Dry Weather Flow
from 4" Pipe in Manhole

PID: 23 Garrett Road
Leaf Dumping in Catch Basin













OUTFALL SCREENING

2011 ANNUAL REPORT

APPENDIX A

POTENTIAL ILLICIT DISCHARGE INVESTIGATIONS

CORRESPONDENCE, FIELD INFORMATION AND DOCUMENTATION






Ilicit Discharge Incident Tracking Sheet

Date: 1/18/10, 03/02/10, 06/25/11, 12/22/11 Logged by: Matt Ortynsky/ Contact #: 302-731-9176 Incident ID:

Caller contact information: 1354 Field Crew Subdivision: None

County: New Castle

ADC Map No./Grid: 15-K1

Incident Location

Primary Location Description

o Storm drain M Outfall o Other
o In Stream o Along bank
o Stormwater Pond o Upland

Outfall / inlet ID# : 320080407131737

Closest street address: Across from 454 Bear Christiana Road

Watershed name: Christina River Impacted Stream name:

Nearby landmark: Bear Maintenance Yard

Narrative description of location

Outfall is located on the east side of BMP 241.
Description of problem

Visual
o Oil/ Oil sheen O Soap
O Paint 0O Flotables (toilet paper, etc.)
O Algae ¥ Dead fish
0O Cloudy ¥ Flow —=--m-mmmmmmme > Precipitation in
O Anti-freeze last 48-hours? Yes/No
O Yard waste 0O Other
Odor
O Sewage O Sulfide ("rotten egg™) O Gas/oll
¥ None O Other (describe)

Narrative description/comments of problem

01/18/10 - Outfall 320080407131737 had a dark green stain on the outfall pipe leading into BMP 241. OQutfall discharge is clear,
dead fish directly in front of outfall pipe.

03/02/10 - Re-investigation of outfall, no dead fish, foam in front of outfall; sample tested high for detergents.

06/25/11 - Re-investigation of outfall, no dead fish; sample tested high for detergents.

12/22/11 - Re-investigation of outfall; no dead fish; sample tested within parameters limits.

Plan of Action (check all that apply)

v Sample o Contact DNREC M Contact NPDES Manager
¥ Photos o Door hangers o GPS Coordinates

o Other (describe)

Follow-up Action

01/18/10 - Re-visit site.
03/02/10 - Re-visit site.
06/25/11 - Re-visit site
12/22/11 - No further action.







PelDOT

Res

Qutfall ID No.

Result 2

Val. 2

Flow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4

Y

ult 1

Val.

£

Water Temperature (Farenheit):

.

pH: <4.5=4; >8.5=4; change > 2 units=1

Phenol {(mg/L): <0.3 mg/L=0; >0.3 mg/L=4

Chlorine {mg/L): <0.3 mg/L=0; 0.3 mg/L=4

Detergents (mg/L):  <0.2=0; 0.2 - 0.4=1; >0.5 mg/L=4

Copper {mg/L): <0.01 mg/L=0; >0.01 mg/L=4

Ammonia (mg/L):  <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1;
1.0-2.99 mg/L=2; >3.0 mg/L=4

Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4

Color:
Clear (C)=0, Gray (G)=1, Red (R)=1, Yellow (Y)=1, Brown
(B}=1, Green (GR=1}, Other (O-expiain)

Floatables:
None (N)=0, Oil Sheen (OS)=4, Sewage (S)=4, Trash (T)=2,
Other (C-explain)

FIELD SKETCH




2 DelDOT

DELDOT AGREEMENT 1495
POTENTIAL ILLICIT DISCHARGE FIELD DATA SHEET

Structure/Outfall 1D Number: rJ s Jah I

Address/Location Description:

Outfall Data
Digital picture? (Y/N): L
Camera Number:
Picture Number:

Personnet: K< SON
Date (MM/DD/YY): Ll o
Time: lz’fi e e

Date of Last Rain >0.10” (MM/DD/YY):
Follow Up Screen Date (MM/DD/YY):
Follow Up Field Screen Time:

Qutfall Dimensions (in):

Outfall Shape:
Round (R}, Oval (O), Box (B), V-Ditch (VD), Trap Ditch (TD),
Other Ditch (OD)

Outfall Type (CMP, RCP, PVC, Other):
Flow Observed? (Y/N):

Follow Up Flow Observed? (Y/N):
Fiow Source

Structural Condition:

Normal (N), Concrete Spauling (SP), Peeling Paint (PP),
Concrete Cracking (CC), Outfall Damaged (0D, Submerged
_(S), Metal Corrosion (MC), Other (O-explain)

Erosion (Outfall Area): )
None (N), Moderate (M), Severe (S) f'“\/
Odor:

None (N)=0, Rancid-Sour (RS)=4, Gas (G)=4, Sewags (S)=4, iy
Oil (O)=4, Sulfur (§)=4, Other (Other-explain) i
Deposits / Stains:

None (N)=0, Sediment (S)=2, Qil (OY)=3, Other {O-explain)
Algae Growth? (Y/N):

Vegetative Condition (Outfall Area):

Normal (N), Inhibited Growth (IG), Excessive Growth (EG),
Other {O-explain}

Land Use:

industrial (1), Commercial {C), Residential (R),
Other (C-explain) -

Specific Land Use:




DelDOT

Outfall ID No.

Result1 Val., Result2 Val 2
Flow Rate {cfs}): <0.022 cfs=0; >0.022 cfs=4
Water Temperature (Farenheit):
pH: <4.5=4, >8.6=4; change > 2 units=1 | "7, &/
Phenol (mg/L): <0.3 mg/L=0; >0.3 mg/L=4 | &, &
Chlorine (mg/L): <0.3 mg/L=0; =0.3 mgf=4| o
Detergents (mg/L):  <0.2=0; 0.2~ 0.4=1; 205 mg/L=4 | = |,
Copper (mg/L): <0.01 mg/L=0; >0.01 mg/L=4 o

Ammonia (mg/L):  <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1;
1.0-2.99 mg/l.=2; >3.0 mgil.=4

Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4

Color:
Clear (C)=0, Gray {G)=1, Red (R)=1, Yellow (Y)=1, Brown
(B)=1, Green {(GR=1), Other {O-explain)

Floatables:
None (N}=0, Oil Sheen (0S)=4, Sewage (S)=4, Trash {T)=2,

Other (O-explain)

FIELD SKETCH




DELDOT NPDES FY 08 AGREEMENT 1351 - TASK 11.08 DCH) () }
RE-VISIT DUFFIELD OUTFALLS FIELD DATA SHEET

Duffield Outfall ID Number: /07

Outfall Data
Digitat picture? (Y/N): Vi
Camera Number, Faed
Picture Number:
Personnel:
Date (MM/DD/YY):
Time:
Date of Last Rain >0.10” (MM/DD/YY):
Follow Up Screen Date (MM/DD/YY): - -
Follow Up Field Screen Time: ey

Outfall Dimensions (in):

QOutfall Shape:

Round {R), Oval (O}, Box (B), V-Ditch (VD}, Trap Ditch (TD), ‘
Other Ditch (OD) Foia
Outfall Type (CMP, RCP, PVC, Other): FE
| Flow Observed? (Y/N):

. Follow Up Flow Observed? (Y/N):
Flow Source

Structural Condition:

Normait (N}, Concrete Spauling (SP), Peeling Paint (PP), ;

Concrete Cracking (CC), Outfall Damaged (OD), Submerged | /7 "

{S), Metal Corrosion (MC), Other {O-explain)}

Erosion (Outfall Area): )
. None (N}, Moderate (M), Severe (S) fie,
o Odor:

e, None (N)=0, Rancid-Sour (R8)=4, Gas (G)=4, Sewage (S)=4, }

Qil (O)=4, Sulfur {S)=4, Other {Other-explain)

Deposits / Stains:

None {N)=0, Sediment (8)=2, Qil {OY)}=3, Other (O-explain)

Algae Growth? (Y/N): Aisooe

Vegetative Condition (Outfall Area):

Normal {N), inhibited Growth {1G), Excessive Growth {EG),

QOther (O-explain)

Land Use:

Industrial (1), Commercial (C), Residential (R},

Other (O-explain)

Specific Land Use:




Outfall iD No.

Result1 Val. Result2 Val 2

Fiow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4
Water Temperature (Farenheit): R
pH: <4 5=4; »8.5=4; change > 2 units=1 |7, ./ o
Phenol (mg/L): <0.3mgh.=0; 203 mgit=4 | O A
Chlorine (mg/L): <0.3 mg/L=0; 20.3 mg/L.=4 | [ Iy
Detergents {mg/L): <0.2=0; 0.2 -0.4=1;>05mg/L=4 | o | a7
Copper (mg/L): <0.01 mg/L=0; >0.01 mg/L=4 | 1,
Ammonia (mg/L): <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1; | =

1.0-2.99 mg/L=2; >3.0mg/lL=4 |~/
Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4 Y
Color:
Clear (C)=0, Gray (G}=1, Red {R)=1, Yellow (Y)=1, Brown ’
(B)=1, Green (GR=1), Other (O-explain} i
Floatables: (
None (N)=0, Oil Sheen (0S8)=4, Sewage (S)=4, Trash (T)=2, 1 ;

Other (O-explain}

FIELD SKETCH

LY S P
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I_ < (‘.' ]_ MEMORANDUM
[REN l..:'l:f".. feod
TO: Randy Cole
DelDOT Stormwater Quality Program
FROM: Matt Ortynsky
DATE: January 18, 2010

March 2, 2010 Re-visit
June 25, 2010 Re-visit
December 22, 2011 Re-visit

SUBJECT: Potential Illicit Discharge
Outfall # 320080407131737 into BMP 241
DelDOT Agreement 1495
KCI Project 0203019G-I

The purpose of this Memo is to summarize the investigation of a Potential Illicit Discharge
(PID) at an outfall flowing into BMP 241 along Route 7 near Bear (Figure 1). This same outfall
had been previously investigated for a PID in 2007. No sign of discharge was observed at that
time.

During the 2009 Annual BMP Inspections, Agreement 1354 KCI field crew observed signs of
illicit discharge at BMP 241 and reported such to the Agreement 1495 KCI field crew for further
investigation.

January 18, 2010: Upon inspection of the BMP and outfall the Agreement 1495 field crew
determined that there were indications of a PID. There was a dark green stain on the outfall pipe
that dumps into the pond (Figure 2). There was active dry weather flow from the outfall, which
was clear in color. The field crew also noticed a large amount of dead fish directly in front of the
outfall pipe (Figures 3 & 4).

The drainage to the pond is believed to originate from a nearby, fenced-off, secure facility that is
owned by First USA Bank. Further investigation is required to determine whether the facility
property is responsible for all drainage to the pond, or if some drainage is from DelDOT-owned
property.

A grab sample was collected from the outfall and analyzed by the field crew. The sample did not
test above acceptable parameter levels. There is a possibility that the fish kill was a result of
extremely cold temperatures and frozen water. KCI will revisit the site in March to test the
outfall discharge.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure
320080407131737 BMP 241 RT. 7\BMP 241 PID Memo 01-18-10 & 12-22-11.doc
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Illicit Discharge Incident Tracking Sheet

Date: 03/02/10, 03/11/10, 11/02/11 Logged by: Matt Ortynsky/ Contact #: 302-731-9176 Incident ID:

Caller contact information: 1354 Field Crew Subdivision: Todd Estates

County. New Castle

ADC Map No./Grid: 11-B10

Incident Location

Primary Location Description

M Storm drain o Qutfall o Other
o In stream o Along bank
o Stormwater pond o Upland

Outfall / inlet ID#: 71506
Closest street address: 42 Lynchfarm Drive
Watershed name: Christina River Impacted Stream name:

Nearby landmark: George V. Kirk Middle School

Narrative description of location

Catch basin is located on the side of street at 42 Lynchfarm Drive

Description of problem

Visual
o Oil/ Oil sheen O Soap
O Paint O Flotables (toilet paper, etc.)
O Algae O Dead fish
O Cloudy o Flow -——-—--——-- > Precipitation in
O Anti-freeze last 48-hours? Yes/No
0O Yard waste M Other Pet Waste
Odor
O Sewage O Sulfide ("rotten egg") O Gas/oil
O None  Other (describe) pet waste

Narrative description/comments of problem

During 1354 re-inspections the crew noticed pet waste that was placed in the catch basin. Signs saying "beware of
|dog” were seen on the property at 42 Lynchfarm Drive, which is the closest property to the catch basin.

Plan of Action (check all that apply)

o Sample o Contact DNREC I Contact NPDES Manager
M Photos M Door hangers o GPS Coordinates
o Other (describe)

Follow-up Action

03/02/10: Catch basin structure had pet waste on grate and in basin. Pet waste appeared to be purposely placed in
the basin. The closest house to the catch basin, 42 Lynchfarm Drive, had signs on the fence warning of a dog on the
property. Pictures were taken of the PID and other catch basins in the area were inspected. The other basins in the
immediate area appear to be clear of pet waste.

03/11/10: KCI distributed 25 door hangers to the residents in the immediate vicinity of the PID on Lynchfarm Drive.
KCI will conduct a follow up investigation.

11/02/11: KCI field staff re-visited site. No signs of pet waste in and around the catch basin were observed. No
further action is necessary.




Hlicit Discharge Incident Tracking Sheet

Date: /o //s Loggedby: = Contact#  IncidentiD:
Caller contact information: 1354 Field Crew Subdivision: Todd Estates

County: New Castle
ADC Map No./Grid: 11-B10

Incident Location.
Primary Location Description

M Storm drain o Qutfall o Other
o Instream o Along bank
n_Stormwater pond _Upland

Qutfall / inlet ID# : 71506

Closest street address: 42 Lynchfarm Drive

Watershed name: Christina River Impacted Stream name:

Nearby landmark: George V. Kirk Middle School

Narrative description of location .

Catch basin is located on the side of street at 42 Lynchfarm Drive
Description of problem B T i

Visual
0o Qil/ Qil sheen o Soap
1 Paint o Flotables (toilet paper, etc.)
1 Algae 3 Dead fish
0 Cloudy [ Sl I — > Pracipitation in
0 Anti-freeze fast 48-hours? Yes/No
1 Yard waste ¥ Cther Pet Waste
Odor
0 Sewage o Sulfide ("rotten egg") o Gas/oil
0O None &t Other {describe) pet waste

Narrative description/comments of probiem.

During 1354 re-inspections the crew noticed pet waste that was placed in the catch basin, Signs saying "beware of
dog” were seen on the property at 42 Lynchfarm Drive, which is the closest property to the catch basin.
Plan of Action (check allthatapplyy = . =& R e e
n Sample o Contact DNREC

4[»21 Contact lN‘PDFES Managér

1 Photos M Door hangers 5 GPS Coordinates
o Other (describe)

Follow-up Action
N S 2

Conduct a follow-up inspection to ensure no more pet waste is being dumped in the basin.




R MEMORANDUM
KO
TR R hams oo-
TO: KCI Files
FROM: Ryan Coleman
Matt Ortynsky
DATE: March 2, 2010

March 11, 2010 Doorhangers
November 2, 2011 Re-visit

SUBJECT: Todd Estates PID, 42 Lynchfarm Drive
Catch Basin No. 71506
Agreement 1495 / KCI Project 0203019G-1

The purpose of this Memo is to summarize the investigation of an illicit discharge in
Todd Estates at 42 Lynchfarm Drive.

While performing Agreement 1354 Re-inspections, a KCI field crew came across a
potential illicit discharge (PID) in a catch basin located at 42 Lynchfarm Drive in Todd
Estates. While performing inspections the crew noticed what appeared to be pet waste
dumped in a catch basin. The PID was reported to the Agreement 1495 KCI field crew
responsible for investigating PIDs.

March 2, 2010: Upon inspection of the catch basin it was noted that the structure had
pet waste on the grate and in the basin. The pet waste appeared to be purposely placed in
the basin. The closest house to the catch basin, 42 Lynchfarm Drive, had signs on the
fence warning of a dog on the property. Pictures were taken of the PID and other catch
basins in the area were inspected. The other basins in the immediate area appear to be
clear of pet waste.

March 11, 2010: KCI distributed 25 door hangers to the residents in the immediate
vicinity of the PID on Lynchfarm Drive. KCI will conduct a follow up investigation of
the site to verify all dumping of pollutants has ceased.

November 2, 2011: KCI field staff re-visited catch basin 71506 to verify the dumping of
pet waste in the catch basin has stopped. KCI field staff did not observe any signs of pet
waste in and around the catch basin. KCI field staff has concluded since no evidence of
fresh dumping has occurred no further action is necessary.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure 71506
42 Lynchfarm Dr Todd Estates\Lynchfarm Dr PID Memo 03-02-10 & 11-02-11.doc






S MEMORANDUM
KC L
TR T e
TO: KCI Files
FROM: Ryan Coleman
DATE: March 8, 2010
SUBJECT: Todd Estates PID, 42 Lynchfarm Drive

Catch Basin No. 71506
Agreement 1495 / KCI Project 0203019G

The purpose of this Memo is to summarize the investigation of an illicit discharge in
Todd Estates at 42 Lynchfarm Drive.

While performing Agreement 1354 Re-inspections, a KCI field crew came across a
potential illicit discharge (PID) in a catch basin located at 42 Lynchfarm Drive in Todd
Estates. While performing inspections the crew noticed what appeared to be pet waste
dumped in a catch basin. The PID was reported to the Agreement 1495 KCI field crew
responsible for investigating PIDs.

Upon inspection of the catch basin on March 2, 2010 it was noted that the structure had
pet waste on the grate and in the basin. The pet waste appeared to be purposely placed in
the basin. The closest house to the catch basin, 42 Lynchfarm Drive, had signs on the
fence warning of a dog on the property. Pictures were taken of the PID and other catch
basins in the area were inspected. The other basins in the immediate area appear to be
clear of pet waste.

On March 11, 2010 KCI distributed 25 door hangers to the residents in the immediate
vicinity of the PID on Lynchfarm Drive.

KCI plans to do a follow up investigation of the site to verify all dumping of pollutants
has ceased.

M:\200310203019G\Outfalls\Dry Weather Screening (PID)\Todd Estates 42 Lynchfarm Dr\Lynchfarm Dr PID Memo
03-08-10.doc












Illicit Discharge Incident Tracking Sheet

Date: 03/02/10, 03/08/10, 11/02/11 Logged by: Matt Ortynsky/ Contact #: 302-731-9176 Incident ID:

Caller contact information: 1354 Field Crew Subdivision: Todd Estates

County: New Castle

ADC Map No./Grid: 11-B10

Incident Location

Primary Location Description

M Storm drain o Ouftfall o Other
o In stream o Along bank
o Stormwater pond o Upland

Outfall / inlet ID# : 74839

Closest street address: 23 Garrett Road
Watershed name: Christina River Impacted Stream name:

Nearby landmark: George V. Kirk Middle School

Narrative description of location

Catch basin is located on the side of street at 23 Garrett Road

Description of problem

Visual
o Qil/ Oil sheen O Soap
o Paint O Flotables (toilet paper, etc.)
o Algae o Dead fish
O Cloudy O Flow --—---—-——-- > Precipitation in
O Anti-freeze last 48-hours? Yes/No
M Yard waste o Other
Odor
O Sewage o Sulfide ("rotten egg") o Gasloil
“ None O Other (describe)

Narrative description/comments of problem

During 1354 re-inspections a resident of the neighborhood told the crew that his neighbor at 23 Garrett Road was
placing leaves in the storm drain. Upon inspection it was noted that the catch basin was full of leaves and the pipe in
the basin could not be seen.

Plan of Action (check all that apply)

o Sample o Contact DNREC M Contact NPDES Manager
¥ Photos ¥ Door hangers o GPS Coordinates

o Other (describe)

Follow-up Action

03/02/10: KCI observed catch basin 75% full of [eaves, which appear to be blocking flow in catch basin since the
pipe is not visible. Other basins in immediate area appear to be clear of leaves and debris.

03/08/10: KCI distributed 16 doorhangers. KCI will conduct a follow-up investigation.

11/02/11: KCI field staff re-visited catch basin to verify leaf dumping has stopped. KCI field staff did not observe any
signs of fresh [eaf dumping. During the inspection the homeowner of 25 Garrett Road told KCI field staff the resident
of 23 Garrett Rd was still dumping leaves into catch basin. KCI has conlcuded since there is no evidence of fresh
dumpring, no further action is necessary.




-_.W..w“.w“‘,mNW.__H__.._‘_N_.A..A_.,__MM___..,H,.....,.. e e ...A...Aﬂm_....h‘.h...__-ﬁ__.,,___M—_M__‘gw.__w.m._...__.u.._.,.____.

IHicit Discha rge Incident Tracking Sheet

Subdivis
County

Caller contact information: 1354 Field Crew

astle

R ADC Map No./Grid: 11-810 ' .
Incident-Location e R R RS f',;MM.:_;;;._’N_.};;L-

Primaty Location Description
I Storm drain o Outfail o Other
L in stream 01 Along bank

Outfalt / inlet 1DV 748349

Closest street address: 23 Garreit Road

Watershed name: Christina River Impacted Stream name:

Nearby landmark: George V. Kirk Middgle Schoof

Narrafive descrption of Totation 0T

ael

Visual

0 Ol / Ol sheen 1 Soap

3 Paint I3 Flotables (loifet paper, ef¢)

0 Algae 0 Dead fish

1 Cloudy (3 FIOW s Precipitation in

0 Anti-freeze fast48-hours?  Yes / No

M Yard waste 0 Other

B P
0 Sewage e Sulfide ("rotten egg") 0 Gas/oil
M None £ Other (describe)

Narrative descrption/common Sfiproblem. T

During 1354 re-inspections a resident of the neighborhood told the crew that his neighbor at 23 Garrett Road was
placing leaves in the storm drain, Upon inspection it was noted that the catch basin was ful of leaves and the pipe in
the basin could not be seen.
Bias i ; dhatapply

5 Sample g Contact DNREC

1 ContactNPDESVIManégér
¥ Photos 1 Door hangers o GPS Coordinates

o Other {describe)
Eollow=up Action:

! Spy g B - .
1/‘(“ L s a0

Londuet a follow-up inspection in the fa”i‘i.ﬁf%i%‘fE‘%_!E9.J)39!i£?-.Eii:%!l‘i‘.ﬁ’:’éﬁﬁﬁl'??E_*E?‘iflgfiIZE?ﬁK“i@.iflﬁl‘i.Eéﬁlb?ﬂ'{l;



R MEMORANDUM
KO
TR T e
TO: KCI Files
FROM: Ryan Coleman
Matt Ortynsky
DATE: March 2, 2010

March 8, 2010 Doorhangers
November 2, 2011 Re-visit

SUBJECT: Todd Estates PID, 23 Garrett Road
Catch Basin No. 74839
Agreement 1495 / KCI Project 0203019G-1

The purpose of this Memo is to summarize the investigation of an illicit discharge in
Todd Estates at 23 Garrett Road.

While performing Agreement 1354 Re-inspections, a KCI field crew came across a
potential illicit discharge (PID) in a catch basin located at 23 Garrett Road in Todd
Estates. While performing inspections the crew was approached by a resident of the
neighborhood who stated that his neighbor was dumping leaves in the catch basin. The
PID was reported to the Agreement 1495 KCI field crew.

March 2, 2010: KCI field staff observed that the catch basin was 75 percent full of
leaves. The leaves appear to be blocking flow in the catch basin since the pipe is not
visible. Pictures were taken of the PID and other catch basins in the area were inspected.
The other basins in the immediate area appear to be clear of leaves and debris.

March 08, 2010: KCI distributed door hangers to 16 houses in the immediate vicinity of
the PID.

KCI will conduct a follow up investigation to verify dumping has ceased.

November 2, 2011: KCI re-visited catch basin 74839 to verify the dumping of leaves in
the catch basin has stopped. KCI field staff did not observe any signs of fresh dumping.
During the inspection the homeowner of 25 Garrett Road told KCI field staff the resident
of 23 Garrett Road was still dumping leaves into the catch basin. KCI field staff has
concluded since no evidence of fresh dumping has occurred no further action is
necessary.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure 74839
23 Garrett Rd Todd Estates\Garrett Rd PID Memo 03-02-10 & 11-02-11.doc















Ilicit Discharge Incident Tracking Sheet

Date: 8/31/10 & 12/22/11 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:

Caller contact information: 1354 Field Crew Subdivision: Lambeth Riding

County: New Castle

ADC Map No./Grid: 6-A6

Incident Location

Primary Location Description

M Storm drain o Outfall o Other
o In Stream o Along bank
o Stormwater Pond o Upland

Outfall / inlet ID# : 5143

Closest street address: 504 Lambeth Place

Watershed name: White Clay Creek Impacted Stream name:

Nearby landmark:

Narrative description of location

Structure 5143 is a catch basin that is located in front of 504 Lambeth Place.

Description of problem

Visual
o Qil/ Oil sheen O Soap
O Paint o Flotables (toilet paper, etc.)
o Algae O Dead fish
O Cloudy M Flow -------m-m—- > Precipitation in
O Anti-freeze last 48-hours? Yes/No
O Yard waste o Other
Odor
o Sewage O Sulfide ("rotten egg") o Gas/all
¥ None O Other (describe)
Narrative description/comments of problem
Dry weather flow was observed.
Plan of Action (check all that apply)
M Sample o Contact DNREC o Contact NPDES Manager
¥ Photos o Door hangers o GPS Coordinates

o Other (describe)

Follow-up Action

08/31/10: Sample tested within acceptable parameter levels. KCI will re-visit the site in an effort to determine the source prior
to conculding no further action is needed.

12/22/11: KCI field staff re-visited site. Sample tested within acceptable parameter levels. KCI field staff could not locate the
source of the discharge. No further action is necessary.







& DelDOT

Outfall ID No.
Result1 Val. Result2 Val 2
Flow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4 <oor| O
Water Temperature (Farenheit): &t O
pH: <4.5=4; >8.5=4; change > 2 units=1 |5, 52 o
Phenol {mg/L): <0.3 mg/L=0; >0.3 mg/l.=4 O O
Chlorine (mg/L): <0.3 mg/L=0; 0.3 mg/L=4 | (> ®;
Detergents (mg/L):  <0.2=0; 0.2 - 0.4=1; >0.5 mg/L=4 O o
Copper (mg/L): <0.01 mg/L=0; >0.01 mg/L=4 | (D ',
Ammonia {(mg/L):  <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1; o .
1.0-2.99 mg/L=2; >3.0 mg/L.=4 O
Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4 | 4 i§ &y
Color: ,
Clear (C)=0, Gray (G)=1, Red (R)=1, Yellow (Y)=1, Brown ( o)
(Bj=1, Green (GR=1), Other (O-explain) -
Floatables: \
None (N}=0, Oil Sheen (0S)=4, Sewage (S)=4, Trash (T)=2, N k;,

Other (O-explain)

FIELD SKETCH




DELDOT AGREEMENT 1495 DG!D () }
POTENTIAL ILLICIT DISCHARGE FIELD DATA SHEET

o
oy

Structure/OQutfall ID Number: SV

Address/Location Description: S84 L.«

Outfall Data

Digital picture? (Y/N): Ly
Camera Number: W
Picture Number:

Personnel:

Date (MM/DD/YY): o7
Time: i

Date of Last Rain >0.10” (MM/DD/YY):
Follow Up Screen Date (MM/DD/YY):
Follow Up Field Screen Time:

Outfall Dimensions (in): Cab A e,
Outfall Shape:
Round (R), Oval (O), Box (B), V-Ditch (VD}, Trap Ditch (TD),
Other Ditch (OD)

Outfall Type (CMP, RCP, PVC, Other):
Fiow Observed? (Y/N): S U S
Follow Up Flow Observed? (Y/N):
Flow Source

Structural Condition:
Normal (N}, Concrete Spauling (SP), Peealing Paint (PP), B
Concrete Cracking {CC), Outfall Damaged (OD}), Submerged | ~
(S), Metal Corrosion (MC), Other (O-explain)

Erosion (Outfall Area):

None (N}, Moderate {M), Severe (8)

Odor:

None (N}=0, Rancid-Sour {(RS)=4, Gas (G)=4, Sewage (8)=4,
Oil (O)=4, Sulfur {S)=4, Other {Other-explain)

Deposits / Stains:

None (N)=0, Sediment {S)=2, Oil (OY)=3, Other (O-explain)

Algae Growth? (Y/N): .
Vegetative Condition (Outfall Area): s
Normal (N), Inhibited Growth (IG), Excessive Growth (EG), s/ 5
Other (O-explain)

Land Use:
industrial {I), Commercial (C), Residential (R}, &

Other (O-explain}
Specific Land Use:




DelDOT

Qutfall D No.

Result1 Val. Result2 Val 2

Flow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4 | ¢ £
Water Temperature (Farenheit):
pH: <4.5=4; >8.5=4; change > 2 units=1 | *{
Phenol {(mg/L): <0.3 mg/L=0; >0.3 mg/L=4 | ) 5
Chlorine {mg/L): <0.3 mg/L=0; >0.3 mg/L=4 | 4™ S
Detergents {(mg/L):  <0.2=0; 0.2 - 0.4=1; >0.5 mg/L=4 | .t f
Copper (mg/L): <0.01 mg/L=0; >0.01 mg/L=4 | ¢ &
Ammonia {mg/L).  <0.05-0.1 mg/L.=0; 0.1-1.0 mg/L=1; . N

1.0-2.99 mg/L=2; >3.0 mg/L=4 L -
Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4 7 &y

Color:
Clear (C)=0, Gray (G)=1, Red (R)=1, Yellow (Y)=1, Brown
(B)=1, Green (GR=1), Other (O-explain)

Floatables:
None {(N)=0, Oif Sheen (0OS)=4, Sewage (S)=4, Trash (T)=2,
Other (C-explain]

FIELD SKETCH
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MEMORANDUM

TO: KCI Files

FROM: Chris Bolton
Matt Ortynsky

DATE: August 31, 2010

December 22, 2011

SUBJECT: Agreement 1495 / KCI Project 0203019H-1
Lambeth Riding PID - 504 Lambeth Place - Structure 5143
Lambeth Riding PID - 404 Wesley Circle - Structure 13

The purpose of this Memo is to summarize the investigation of two Potential Illicit
Discharges (PIDs) initially discovered by a KCI Agreement 1354 field crew in the
Lambeth Riding community in New Castle County.

While performing Agreement 1354 Re-inspections, the KCI field crew came across two
PIDs at Structure #13 (Photos 1-2) and Structure #5143 (Photos 3-4). Structure #13 is
an outfall located behind a residence at 404 Wesley Circle and Structure #5143 is a catch
basin located in front of residence 504 Lambeth Place. The PIDs were reported to the
Agreement 1495 KClI field crew responsible for investigating PI1Ds.

August 31, 2010: Upon inspection of the Qutfall Structure #13, it was determined that
the flow was due to an underground stream outfalling into a creek bed, and was therefore
not tested for an illicit discharge. KCI does not consider this to be a PID.

August 31, 2010: The KCI field crew also inspected Catch Basin Structure #5143 and
found a small 4 inch PVC pipe protruding into the side wall of the concrete pipe
connecting into the catch basin (Photo 4). Water was observed flowing from the small
PVC pipe and collecting in the catch basin. Field crews could not immediately determine
the source of flow. A water sample was obtained and tested. Results indicated that all
parameters were within allowable limits.

KCI will periodically re-test this PID in an effort to determine its source prior to
concluding that no further action is needed.

December 22, 2011: KCI field staff re-visited Structure #5143 to attempt to locate the
source of the discharge and to collect a sample. A water sample was obtained and tested.
Results indicated all parameters were within allowable limits. KCI field staff could not
locate the source of the discharge. No further action is necessary.

M:\200310203019112011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A4 Structure 5143
504 Lambeth Pl Lambeth Riding\08-31-11 & 12-22-11 Structure 5143 PID Memo.doc















Ilicit Discharge Incident Tracking Sheet

Date: 11/1/2010 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:

Caller contact information: 1354 Field Crew Subdivision: Mendenhall Village

County: New Castle

ADC Map No./Grid: 6-D7, 6E7

Incident Location

Primary Location Description

¥ Storm drain o Outfall o Other
o In Stream o Along bank
o Stormwater Pond o Upland

Outfall / inlet ID# : 11712 - 11721

Closest street address: Lamplighter Way

Watershed name: White Clay Creek Impacted Stream name:

Nearby landmark:

Narrative description of location

Various catch basins along Lamplighter Way.

Description of problem

Visual
o Qil/ Oil sheen 0O Soap
O Paint o Flotables (toilet paper, etc.)
o Algae O Dead fish
O Cloudy o Flow -~ > Precipitation in
O Anti-freeze last 48-hours? Yes/No
O Yard waste o Other
Odor
o Sewage O Sulfide ("rotten egg") o Gas/oll
o None O Other (describe)

Narrative description/comments of problem

DelDOT informed KClI that a resident of Mendenhall Village was possibley dumping grass clippings into a catch basin on
Lamplighter Way.

Plan of Action (check all that apply)

o Sample o Contact DNREC o Contact NPDES Manager
¥ Photos o Door hangers o GPS Coordinates

o Other (describe)

Follow-up Action

No evidence of grass clippings were found in any catch basins along Lamplighter Way. KCI will periodically check the catch
basins for any signs of grass clippings.

11/02/11: KCl field staff re-visited catch basins 11712-11721 along Lamplighter Way to verify if there were grass clippings
dumped in and around these structures. KCI field staff did not observe any signs of grass clippings being dumped and has
concluded no further action is necessary.




il

K - ]_ MEMORANDUM
TO: KCI Files
FROM: Chris Bolton
Matt Ortynsky
DATE: November 11, 2010

November 2, 2011 Re-visit

SUBJECT: Agreement 1495 / KCI Project 0203019H-1
Structures 11712-11721
Lamplighter Way PID — Mendenhall Village
New Castle County

The purpose of this Memo is to summarize the investigation of a Potential Illicit
Discharge (PID).

November 1, 2010: Randy Cole (DelDOT) informed KCI of a PID in Mendenhall
Village on Lamplighter Way in New Castle County. DelDOT informed KCI that a
resident of Mendenhall Village was possibly dumping grass clippings into a catch basin
on Lamplighter Way.

November 11, 2010: KCI field personnel investigated all the catch basins on
Lamplighter way; no evidence of grass clippings was found in any catch basin.

KCI will re-visit the catch basins for any signs of grass clippings.

November 2, 2011: KCI field staff re-visited catch basins 11712-11721 along
Lamplighter Way to verify if there were grass clippings dumped in and around these
structures. KCI field staff did not observe any signs of grass clippings being dumped and
has concluded no further action is necessary.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure 11712-
11721 Lamplighter Way Mendenhall Village\Lamplighter PID Memo 11-01-10 & 11-02-11.doc









Ilicit Discharge Incident Tracking Sheet

Date: 11/01/2010 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:
06/14/2011
Caller contact information: 1354 Field Crew Subdivision: None

County: New Castle
ADC Map No./Grid: 13-H2

Incident Location

Primary Location Description

o Storm drain o Outfall M Other Inlet Pipe
o In Stream o Along bank
o Stormwater Pond o Upland

Outfall / inlet ID# : 620110622105245

Closest street address: 316 Pigeon Point Road

Watershed name: Christina River Impacted Stream name: Delaware River

Nearby landmark:

Narrative description of location

Inlet pipe in front of 316 Pigeon Point Road.

Description of problem

Visual

o Qil/ Oil sheen O Soap

O Paint o Flotables (toilet paper, etc.)

o Algae O Dead fish

o Cloudy o Flow - > Precipitation in

O Anti-freeze last 48-hours? Yes/No

O Yard waste M Other White Crystalized Substance (Probably Salt)
Odor

o Sewage O Sulfide ("rotten egg") 0O Gas/oll

M None O Other (describe)

Narrative description/comments of problem

DelDOT informed KCI about a storm draiange inlet pipe located at 316 Pigeon Point Road in a heavily industrialized section of
Wilmington. Joe Ellis of DelDOT noticed a greenish substance in and around the area of a new storm drainage inlet pipe.

Plan of Action (check all that apply)
o Sample o Contact DNREC M Contact NPDES Manager

M Photos o Door hangers M GPS Coordinates

o Other (describe)

Follow-up Action

11/01/10 - KCI field crew found dry white crystalized substance but no evidence of a greenish substance that was described by
DelDOT. KCI will re-visit the site to check for signs of illicit discharge.

06/14/11 - KCI field crew found dry white crystalized substance and also observed large salt mounds covered with tarps. [t
appears some of this salt may be washing away during rain storms leaving stains on the asphalt draining from 316 Pigeon Point
Road into DelDOT's ROW.




MEMORANDUM

TO: KCI Files
FROM: Chris Bolton

Matt Ortynsky
DATE: November 1, 2010

June 14, 2011 Re-visit

SUBJECT: Agreement 1495/ KCI Project 0203019H-I1
Structure 620110622105245
316 Pigeon Point Road PID

The purpose of this Memo is to summarize the investigation of a Potential Illicit
Discharge (PID).

November 1, 2010: Randy Cole (DelDOT) informed KCI of a PID at 316 Pigeon Point
Road in a heavily industrialized section of Wilmington. Joe Ellis (DelDOT) noticed a
greenish substance in and around the area of a new storm drainage inlet pipe.

November 1, 2010: KCI field crew found a dry white crystalized substance but no
evidence of a greenish substance. KCI will re-visit the site to check for signs of potential
illicit discharge.

June 14, 2011: KCI field crew found a dry white crystalized substance, as well as large
salt mounds covered with tarps. [t appears some of this salt may be washing away during
rain storms leaving stains on the asphalt draining from 316 Pigeon Point Road into
DelDOT's ROW.

KCI forwarded PID investigation information to DelDOT 06/28/11 for transmittal to
DNREC to confirm NPDES industrial permit for this area.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure
620110622105245 316 Pigeon Point\316 Pigeon Pt. Memo 11-01-10 & 06-14-11.doc
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Illicit Discharge Incident Tracking Sheet

Date: 04/08/11 & 03/24/2011 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:

Caller contact information: Subdivision: N/A

County: Kent

ADC Map No./Grid: 41-K7

Incident Location

Primary Location Description

M Storm drain o Ouffall o Other
a In stream o Along bank
o Stormwater pond o_Upland

Outfall /inlet ID# : 520110114081352
Closest street address: 2777 Andrewsville Road
City: Greenwood, DE 19950

Watershed name: Marshyhope Creek Impacted Stream name: Tomahawk Branch

Nearby landmark: In front of residence (2777 Andrewsville Road)

Narrative description of location

In catch basin in front yard of residence at 2777 Andrewsville Road

Description of problem

Visual
o Oil/ Oil sheen O Soap
O Paint M Floatables (toilet paper, etc.)
O Algae O Dead fish
¥ Cloudy ¥  Flow ----------—-- > Precipitation in
O Anti-freeze last 48-hours? Yes/No
O Yard waste 0O Other
Odor
M Sewage O Sulfide ("rotten egg") o Gas/oil
O None O Other (describe)

Narrative description/comments of problem

02/11/11: CEIl observed 4" clay pipe coming from residence at 2777 Andrewsville Rd tying into catch basin
520110114081352. Strong sewage smell observed along with cloudy water/toilet paper in bottom of basin.
03/24/11: KClI visited location and confirmed apparent sewage discharge into catch basin 520110114081352.
Discharge tested high for ammonia, detergents, and turbidity.

04/07/11: KCI observed strong sewage odor/toilet paper. Discharge tested high for ammonia, detergents, turbidity,
and phenols.

Plan of Action {check all that apply)

M Sample o Contact DNREC M Contact NPDES Manager
M Photos o Door hangers o GPS Coordinates
o Other (describe)

Follow-up Action

04/08/11: KCI contacted DelDOT via telephone to relay field investigation results. Submitted information to DelDOT
in 04/08/11 email. DelDOT will evaluate issue and determine future action.

04/13/11: DNREC investigated area and spoke with owner of 2777 Andrewville Rd, who did not know about pipe in
catch basin. DRNEC informed resident of their recommendation to have pipe closed by DelDOT. If resident has
problems with septic-will confirm origination from his system. If anyone else contacts either DNREC or DelDOT once
it's closed off, then DNREC will consider enforcement action at that time, because this would show someone knew
pipe was there.

05/20/11: KCI attempted to send DelDOT lllicit Discharge notice by Certified Mail. Letter returned by Post Office "No
Mail Receptacle-Unable to Forward”. 06/14/11: Sent regular mail.

11/22/11: DNREC contacted homeowner (Tim Carrington 302-382-9649) and recommended he call DelDOT.
DelDOT confirmed with Mr. Carrington that DelDOT intends to plug the pipe and any potential problems that may
occur from back-ups would be homeowner's responsibility. Mr. Carrington acknowledged that he understood this and
is OK with DelDOT plugging pipe. DelDOT to plug pipe.
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DELDOT AGREEMENT 1495
POTENTIAL ILLICIT DISCHARGE FIELD DATA SHEET

Saninidag e
Structure/Outfall (D Number; >~ & (/i HMOG | e

ATTT By
Address/Location Description: ™ 5 PTY TR

OQutfali Data
Digital picture? (Y/N): 4
Camera Number:
Picture Number:

Personnel:

Date (MM/DD/YY):

Time: (0 By
Date of Last Rain >0.10" (MM/DD/YY):

Follow Up Screen Date (MM/DD/YY): a4
Follow Up Field Screen Time: TR S
Cutfall Dimensions {in): =N

Qutfall Shape:
Round (R}, Oval (0), Box (B), V-Ditch (VD), Trap Ditch {TD),
Other Ditch (OD)

Qutfall Type (CMP, RCP, PVC, Other): (s
Flow Observed? (Y/N): " N
Follow Up Flow Observed? (Y/N): o

Flow Source

Structural Condition:

Normal {N), Concrete Spauling (SP), Peeling Paint (PP},
Concrete Cracking (CC), Cutfall Damaged (OD), Submerged
{S), Metal Corrosion (MC), Other (O-explain)

Erosion (Outfall Area): : .
None (N), Moderate (M), Severe (S) D
Cdor;
None (N)=0, Rancid-Sour (RS)=4, Gas (G)=4, Sewage (S)=4, | <u. .
Oil (O)=4, Sulfur (S)=4, Other {Other-expiain) o
Deposits / Stains: e Pt B _
None (N)=0, Sediment (S)=2, Qil (0Y)=3, Other (O-explain) WA L o) Sove e /o E AN fabe,
Algae Growth? (Y/N).
Vegetative Condition (Outfall Area): _
Normat {N), Inhibited Growth (IG), Excessive Growth (EG), I
Other {(O-explain)

Land Use:

[ndustrial {1), Commercial {C), Residential (R),
QOther (O-explain)

Specific Land Use: Moy,




DelDOT

Outfall ID No. _{_L__\_f;/k’!_

1}
!

()/ [25¢

Result1 Val Resu!t 2 Val 2

Flow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4 | < O oy < N N
Water Temperature (Farenheit): : -
pH: <4.5=4; >8,5=4: change > 2 units=1 G
Phenol (mg/L): <0.3 mg/L=0; >0.3 mg/L=4 © ty
Chlorine (mg/L): <0.3 mg/L=0; >0.3 mg/L=4 | & &y & £
Detergents (mg/L):  <0.2=0; 0.2 - 0.4=1; >0.5mg/L=4 | > i 4 RS i
Copper (mg/L): <0.01 mg/L=0; >0.01 mg/L=4 0y
Ammonia (mg/L).  <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1; >3 Y PN iy

1.0-2.99 mg/L.=2; >3.0 mg/L=4 7D i
Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4 |94 i{ 3 Wy
Color:

Clear (C)=0, Gray {G)=1, Red {R)=1, Yellow {¥)=1, Brown
(B)=1, Green (GR=1}, Other {(O-explain)

Floatables:
None (N)=0, Oil Sheen (08)=4, Sewage (S)=4, Trash (T)=2
Other (C-explain)

FIELD SKETCH
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TO: Randy Cole
Marianne Walch
DelDOT Stormwater Quality Program

FROM: Matthew Ortynsky

Environmental Scientist
DATE: June 29, 2011 through November 22, 2011
SUBJECT: 2777 Andrewsville Road PID Summary

Structure No. 520110114081352
Agreement 1495 / KCI Project 0203019H/02030191

The purpose of this Memo is to summarize the investigation of a Potential Illicit Discharge
(PID) at 2777 Andrewsville Road (Figures 1-2).

March 15, 2011: CEI identified a PID at 2777 Andrewsville Road. Field crew observed what
appeared to be clumps of toilet paper and cloudy water in the bottom of Structure No.
520110114081352. A strong sewage odor was detected.

March 24, 2011: KCI inspected the catch basin and noticed a 4” clay pipe with a small amount
of cloudy discharge (Figure 3). There appeared to be clumps of toilet paper in the bottom of the
catch basin and a strong sewage odor was detected. The sample collected tested high for levels
of ammonia, detergents, and turbidity. The source of the discharge could not be determined, but
was suspected to be from septic tank overflow.

April 7, 2011: KCI detected a strong sewage odor. The sample collected tested high for levels
of ammonia, detergents, turbidity and phenol (the latter of which was undetected 03/24/11 but
high on 04/07/11).

April 8,2011: KCI contacted DelDOT to relay the field investigation observations.

April 13,2011: DNREC investigated area and spoke with owner of 2777 Andrewville Rd, who
did not know about pipe in catch basin. DRNEC informed resident of their recommendation to
have pipe closed by DelDOT. If resident has problems with septic-will confirm origination from
his system. If anyone else contacts either DNREC or DelDOT once it's closed off, then DNREC
will consider enforcement action at that time, because this would show someone knew pipe was
there.

M:\20031020301912011 KCI Annual Report Binder\2011 Outfall Screening Report\i2011 Appendix A\Structure 520110114081352 2777
Andrewsville RA\06-29-11 to 11-22-11 2777 Andrewsville Rd Push Camera Memo.doc
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TO: Randy Cole
Environmental Program Manager
DelDOT Stormwater Quality Program

FROM: Matthew Ortynsky
Environmental Scientist

DATE: April 8, 2011

SUBJECT: 2777 Andrewsville Road PID

Structure No. 520110114081352
Agreement 1495 / KCI Project 0203019H

The purpose of this Memo is to summarize the investigation of a potential illicit discharge at
2777 Andrewsville Road.

While performing Agreement 1354 Re-inspections, a Century field crew identified a potential
illicit discharge (PID) located at 2777 Andrewsville Road. Century field crews observed what
appeared to be clumps of toilet paper and cloudy water in the bottom of Structure 1D No.
520110114081352. A strong sewage odor was also observed. Alex Schmidt from Century
notified Bruce Thompson of KCI on Tuesday March 15, 2011 of this PID.

On Thursday March 24, 2011, KCI field crews inspected the catch basin and noticed a 4™ clay
pipe with a small amount of cloudy discharge. There appeared to be clumps of toilet paper in the
bottom of the catch basin and a strong sewage odor was observed. KCI collected a sample to be
tested. The sample tested high for levels of ammonia, detergents, and turbidity. KCI was unable
to pin point the source of the discharge, but it is suspected that the discharge is coming from a
septic tank overflow. KCI will retest the discharge in the future.

On Thursday April 7, 2011, KCI field crews conducted a follow up visit on the catch basin. KCI
observed a strong sewage odor and collected another sample to be tested. The sample tested
high for levels of ammonia, detergents, turbidity and phenols. Phenols were undetected on
Thursday March 24, 2011, but tested high during the follow up visit.

KCI contacted Randy Cole on April 8, 2011 to relay the field investigation observations. Randy
stated that DelDOT will evaluate this issue and determine the appropriate action.

M:\20031020301912011 KCI Annual Report Binder\2011 Outfall Screening Report\i2011 Appendix A\Structure 520110114081352 2777
Andrewsville Rd\04-08-11 2777 Andrewsville Rd PID Memo.doc









Ilicit Discharge Incident Tracking Sheet

Date: 3/25/11 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:

Caller contact information: Subdivision: Kirkwood Gardens

County: New Castle County

ADC Map No./Grid: 6-K12

Incident Location

Primary Location Description

¥ Storm drain o Outfall o Other
o In stream o Along bank
o Stormwater pond o Upland

Outfall / inlet ID# : 20257 and 20258

Closest street address: 2410 Owen Drive

City: Wilmington, DE 19808
Watershed name: Red Clay Creek Impacted Stream name: Calf Run/Christina River

Nearby landmark:

Narrative description of location

In front of residence at 2410 Owen Drive.

Description of problem

Visual
o Qil/ Oil sheen O Soap
O Paint O Flotables (toilet paper, etc.)
O Algae O Dead fish
O Cloudy O Flow -————--———- > Precipitation in
O Anti-freeze last 48-hours? Yes/No
M Yard waste o Other
Odor
0O Sewage O Sulfide ("rotten egg") 0o Gas/oil
M None 0 Other (describe)

Narrative description/comments of problem

Resident at 2421 Owen Drive observed resident at 2408 Owen Drive dumping yard waste (leaves and branches) into
the stormdrain located in front of 2410 Owen Drive.

03/25/11: KCI visited locattion and observed a large amount of sediment, leaves and organic debris on surface of
catch basins 20257-20258. KCI observed minimal yard waste inside catch basins.

Plan of Action (check all that apply)

o Sample o Contact DNREC M Contact NPDES Manager
¥ Photos ¥ Door hangers o GPS Coordinates
o Other (describe)

Follow-up Action

Eighteen door hangers were distributed along Owen Drive per DelDOT NPDES Manager's request. See Location
map for houses that received door hangers. No maintenance work order necessary. No further action required.




i

ﬁ MEMORANDUM

TO: KCI Files

FROM: Matt Ortynsky

DATE: March 30, 2011

SUBJECT: Kirkwood Gardens PID, 2410 Owen Drive

Catch Basin Nos. 20257 and 20258
Agreement 1495 / KCI Project 0203019H

The purpose of this Memo is to summarize the investigation of a potential illicit
discharge in the Kirkwood Gardens subdivision at 2410 Owen Drive.

Randy Cole (DelDOT) received a call from Mr. Jim Nolan who lives at 2421 Owen Drive
in Kirkwood Gardens. Mr. Nolan stated he observed a neighbor who lives at 2408 Owen

Drive dumping yard waste (leaves and branches) into the catch basin located in front of
2410 Owen Drive.

On March 25, 2011, KCI observed a large amount of sediment, leaves, and organic debris
on the surface of catch basins 20257 and 20258, which are located in front of 2410 Owen
Drive. Upon further inspection, KCI observed that there was a minimal amount of yard
waste inside of the catch basins. Pictures were taken to document the inspection.

KCI distributed door hangers (see attached) to 18 houses in the immediate vicinity of
2410 Owen Drive. No maintenance work order is required.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure 20257-
20258 2410 Owen Drive\2410 Owen Drive PID Memo 03-30-11.doc















2800 Concord Pike

Charcoal Pit




Ilicit Discharge Incident Tracking Sheet

Date: 5/31/2011 Logged by: Matt Ortynsky Contact #: 302-731-9176 Incident ID:
Caller contact information: 1354 Field Crew Subdivision: None

ADC Map No./Grid: 3-F13

Incident Location

Primary Location Description

¥ Storm drain o Oultfall o Other

o In Stream o Along bank

o Stormwater Pond U N oo
Outfall / inlet ID# : Private

Closest street address: 2800 Concord Pike

City: Wilmington DE, 19803
Watershed name: Brandywine Creek Impacted Stream name: Willow Run

Nearby landmark: Charcoal Pit

Narrative description of location

Stormdrain pipe coming from 2800 Concord Pike (Charcoal Pit restaurant) has grease (leads to Willow Run).

Description of problem

Visual

o Qil/ Oil sheen O Soap

o Paint o Flotables (toilet paper, etc.)

o Algae O Dead fish

o Cloudy o Flow

O Anti-freeze o Precip w/in 72 hrs

O Yard waste M Other Cooking Grease
B

o Sewage O Sulfide ("rotten egg") o Gas/oll

M None O Other (describe)

Narrative description/comments of problem

DelDOT informed KCI about coooking grease that was found in the stormdrain system.

Plan of Action (check all that apply)

o Sample o Contact DNREC M Contact NPDES Manager
M Photos o Door hangers o GPS Coordinates

M Other (describe) NCCo to contact DNREC about Grease Trap leaking

Follow-up Action

5/31/11 - KCl field crew met NCCo Sewer Department to investigate the source of the grease. It was found that grease was
leaking from the Charcoal Pit restaurant grease trap through a gap in a stormwater pipe joint. NCCo stated they will contact
DNREC.




MEMORANDUM

TO: KCI Files

FROM: Matthew Ortynsky

DATE: May 31, 2011

SUBJECT: Agreement 1495 / KCI Project 0203019H

2800 Concord Road PID
Charcoal Pit Restaurant

The purpose of this Memo is to summarize the investigation of a Potential Illicit
Discharge (PID).

DelDOT informed KCI of a PID at 2800 Concord Pike (Charcoal Pit restaurant). Cooking
grease was found in the storm drain system.

On May 31, 2011, a KCI field crew met the NCCo Sewer Department to investigate the
source of the grease. It was found that grease was leaking from the Charcoal Pit
restaurant grease trap through a gap in a stormwater pipe joint.

NCCo stated they will contact DNREC.

M:\2003\02030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structure Private
2800 Concord Pike\2800 Concord Pike Memo 05-31-11.doc



PID Memo

KCI Project No. 0203019H
May 31, 2011

Page 2 of 2
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Structures 12000907 & 12000910
223 Sioux Court
The Woods




Illicit Discharge Incident Tracking Sheet

Date: 12/22/11 Logged by: Matt Ortynsky Contact #: Incident ID:

Caller contact information: Subdivision: The Woods

County: New Castle

ADC Map No./Grid:

Incident Location

Primary Location Description

M Storm drain o Outfall o Other
o Instream o Along bank
o Stormwater pond o Upland

Outfall / inlet ID# : 12000907

Closest street address: 223 Sioux Court

City: Newark
Watershed name: Christina River Impacted Stream name: Christina River

Nearby landmark:

Narrative description of location

PID located within manhole

Description of problem

Visual
O Oil/ Oil sheen O Soap
O Paint O Floatables (toilet paper, etc.)
O Algae 0O Dead fish
™ Cloudy M Flow
O Anti-freeze o Precip w/in 72 hrs
O Yard waste 0o Other
Odor
O Sewage O Sulfide ("rotten egg") o Gas/oll
O None 0 Other (describe)

Narrative description/comments of problem

KCl field staff investigated Structure 12000907 for signs of illicit discharge. Using the pole mounted camera, KCl field
staff found conveyance 1000680 flowing from structure 1200097 to structure 1200010 had a PVC pipe flowing into the
top of the pipe. KCI field staff tested the discharge and found all parameters tested were within acceptable levels.

Plan of Action (check all that apply)

M Sample o Contact DNREC o Contact NPDES Manager
™ Photos o Door hangers o GPS Coordinates
o Other (describe)

Follow-up Action

Because all parameters tested were within acceptable levels, KCI field staff determined it was not necessary to re-visit
Structure 12000907.




Hlicit Discharge Incident Tracking Sheet

Date: 11/15/11 Logged by: Matt Ortynsky Contact #: Incident ID:
Caller contact information: Subdivision: The Woods
County: New Castle
ADC Map No./Grid:
Incident Location
Primary Location Description
¥ Storm drain o Outfall o Other
o In stream o Along bank
o Stormwater pond o Upland

Qutfall / inlet ID# : 12000910

Closest street address: 223 Sioux Court

City: Newark
Watershed name: Christina River

Nearby landmark:

Impacted Stream name: Christina River

Narrative description of location

PID located within manhole

Description of problem

Visual
o Qil/ Oil sheen O Soap
O Paint 0O Floatables (toilet paper, etc.)
O Algae 0O Dead fish
¥ Cloudy ¥ Flow
O Anti-freeze o Precip w/in 72 hrs
O Yard waste g Other
Odor
o Sewage O Sulfide ("rotten egg™) g Gas/oil
O None O Other (describe)

Narrative description/comments of problem

4" PVC pipe observed entering manhole. KCI field staff were unable to trace the source of the flow. A grab sample was
collected from the pipe and analyzed by KCI field staff. The only parameter receiving a reading greater than 0 was

detergents, which tested at a level of 0.2 mg/l.

Plan of Action (check all that apply)

¥l Sample
¥ Photos o Door hangers

o Other (describe)

o Contact DNREC

o Contact NPDES Manager
o GPS Coordinates

Follow-up Action

Because all parameters tested were within acceptable levels, KCI field staff determined it was not necessary to re-visit

Structure 12000910.







& DelDOT

OQutfali ID No.
Result1 Val. Result2 Val. 2

Flow Rate {cfs): <0.022 cfs=0; >0.022 cfs=4 @
Water Temperature (Farenheit). £ o
pH: <4.5=4; >8.5=4; change > 2 units=1 | /.4
Phenol (mg/L): <0.3 mg/L=0; >0.3 mg/L=4 $
Chiorine (mg/L): <0.3 mg/L=0; >0.3 mg/L=4
Detergents (mg/L).  <0.2=0; 0.2 - 0.4=1; >0.5 mg/L.=4 h
Copper (mg/L); <0.01 mg/L=0; >0.01 mg/L=4 )
Ammonia (mg/L). <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1;

1.0-2.99 mg/L.=2; >3,0 mg/L=4
Turbidity: 0-10 ntu=0; 11-40=1; 41-150=3; >150=4
Color:

Clear (C)=0, Gray (G)=1, Red (R)=1, Yellow (Y)=1, Brown
{B)=1, Green (GR=1), Other {O-explain)

FFloatables:
None (N)=0, Oit Sheen (083)=4, Sewage (S)=4, Trash (T)=2,

Other (C-explain)
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Outfall ID No. | vy

& DelDOT
$9a ; iy Iy 24 5.
Result1 Val. Result2 Val 2

Flow Rate (cfs): <0.022 cfs=0; >0.022 cfs=4 Do,

Water Temperature (Farenheit): . ) @@
pH b <4.5=4; >8.5=4; change > 2 units=1 | - ]

Phenol (mg/L): <0.3 mg/L.=0; >0.3 mg/L=4

Chiorine (mg/L): <0.3 mg/L=0; >0.3 mg/L=4 | ()

Detergents (mg/L):  <0.2=0: 0.2 - 0.4=1: >0.56 mg/L=4 )

Copper (mg/L): <0.01 mg/L=0; >0.01 mg/ =4 | [

Ammonia (mg/L); <0.05-0.1 mg/L=0; 0.1-1.0 mg/L=1;
1.0-2.98 mg/L=2; >3.0 mg/L.=4

Turbidity:  0-10 ntu=0; 11-40=1; 41-150=3; >150=4 |- . £

5

Color:
Clear {C)=0, Gray {G)=1, Red (R)=1, Yeliow {Y)=1, Brown
(B)=1, Green (GR=1}, Other (O-explain)

&
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Floatables:
None (N)=0, Oil Sheen (0S)=4, Sewage (8)=4, Trash (T)=2

Other (O-explain)
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MEMORANDUM

TO: KCI Files
FROM: Matthew Ortynsky
DATE: November 15, 2011

December 22, 2011 Re-Visit

SUBJECT: Agreement 1495/ KCI Project 02030191
Structures 12000907 & 12000910
223 Sioux Court
Newark, DE

The purpose of this Memo is to summarize the investigation of a Potential Illicit
Discharge (PID).

November 7, 2011: Bruce Thompson (KCI) was conducting MWO QA/QC and noted
that the Agr 1354 Field Staff had observed dry weather flow at Structure 12000907.

November 15, 2011: Upon investigation of Structure 12000907 (see 12000907 Memo)
by KCI field staff, an additional PID was discovered at Structure 12000910, which was
coming from a 4” PVC pipe (see attached photos). KCI field staff were unable to trace
the source of the flow. A grab sample was collected from the pipe and analyzed by KCI
field staff. The only parameter receiving a reading greater than 0 was detergents, which
tested at a level of 0.2 mg/l. Because all parameters tested were within acceptable levels,
KCI field staff determined it was not necessary to re-visit Structure 12000910.

December 22, 2011: KCI field staff investigated Structure 12000907 for signs of illicit
discharge. Using the pole mounted camera, KCI field staff found conveyance 1000680
flowing from structure 1200097 to structure 1200010 had a PVC pipe flowing into the
top of the pipe. KCI field staff tested the discharge and found all parameters tested were
within acceptable levels. KCI field staff determined it was not necessary to re-visit this
issue.

M:\2003102030191\2011 KCI Annual Report Binder\2011 Outfall Screening Report\2011 Appendix A\Structures
12000907 & 12000910 223 Sioux Court\Structures 12000907 & 12000910 223 Sioux Court PID Memo.doc












Appendix E. Appoquinimink River Association annual report for 2011..



Appoquinimink River Association 2012 Report

Livable Lawns Campaign — Improper fertilization of lawns

and open spaces is a huge problem in the entire state. The

Appoquinimink River Association, Department of Natural

Resources and Environmental Control, Department of

Transportation NPDES Program, Delaware Nursery and

Landscape Association, Delaware Grounds Management

Association, University of Delaware, USDA-Natural Resource Conservation Service, Nutrient Management
Commission and New Castle Conservation District continued meeting and creating a system to recognize those
commercial applicators that are being environmentally friendly. Alongside the finalization of the commercial
applicator program, 2011 brought the following accomplishments:

Livable Lawns Presentations (5):

1/27/2011 DE Horticulture Industry Expo

2/8/2011 DE Nutrient Management Commission

3/1/2011 DE Grounds Management Association Annual Meeting
3/3/2011 DE State Golf Association

7/22-7/31/2011 DE State Fair

Promotional Materials:

Commercial Brochure
e 250 Original printing of commercial brochures
e 350 Livable Lawns brochures reprinted 2/2011

Brochures were distributed at 1/27/11, 2/8/11, 3/1/11 and 3/3/11 presentations. Sign-up sheets were made
available at all presentations. Brochures (208) were bulk mailed to all DNLA members on 2/7/11.

Website
Website Designed and Launched — 8/2011
Website/Smartphone enhancements completed 10/2011

Handouts
Magnets & Rulers were developed and produced 6/2011

Companies:
e 20 companies expressed interest; 17 viable companies that fit w/in the parameters; 2 completed the
certification

Pet Waste Education — Alongside the Departments of Natural Resources and
Environmental Control and Transportation, the Appoquinimink River Association
continued an intensive pet waste education campaign throughout southern New
Castle County. Over 500 portable pet waste collection bag holders were distributed
to training facilities (350) and at outreach events (165) including the Blackbird Fall
Festival.



“No Pile Left Behind” Waste Bags

On Saturday, October 22, 2011, PAWS for People (Pet-Assisted Visitation VVolunteer Services) held
their 3" Annual “Wag-n-Walk & 5K Run” event at Glasgow Park in Bear, Delaware. Luke
Williams with Boy Scout Troop 283 made arrangements with PAWS for People to have a display set
up at the event which provided information about how the surface water quality in Delaware is
impaired by different pollutants including bacteria from pet waste. Luke, along with some helpers,
distributed over 115 pet waste bags to attendees at the event. PAWS staff even made an
announcement over their public address system that free pet waste bags were available and
encouraged people to stop by and visit the display. Following the event PAWS contacted Luke and
requested additional bags. Luke has emailed the group several times asking for a delivery location
for the bags but they have failed to respond to his requests.

Boy Scout Luke Williams standing beside his “No Pile Left Behind” display at the PAWS 3" Annual
“Wag-n-Walk & 5K Run” event at Glasgow Park.



Luke Williams (left) meeting with PAWS Director. Photo the right shows helpers passing out pet waste bags
to event participants.

Luke Williams displaying pet waste bag with crowd of event attendees in background.

Luke also provided approximately 350 pet waste bags to the American Canine Doggie Daycare in
Middletown, Delaware.



Appendix F. Maintenance bulletin: Stream and culvert work.






Appendix G. KCI Technologies sand filter study, 2011 annual report.
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As part of the Delaware Department of Transportation’s National Pollutant Discharge
Elimination System General Permit Program Regulations Governing Stormwater Discharge, KCI
Technologies Inc. was contracted to evaluate the functionality of the stormwater management
(SWM) device known as the Delaware Sand Filter (DSF). This was the sixth and final year of
the study. A history of the DSF Study is described below.

A. PROJECT HISTORY

The 2006 DSF Study Annual Report summarized the process of identifying DSFs (listed below)
to be included in the study. These DSFs were determined to be representative of a variety of
typical land use settings (roadways, transit facilities and park-and-ride lots) and different sand
chamber designs. A fourth DSF, located at the Chapman Maintenance Yard, was added to the
study in Summer 2008, when it was constructed as part of a BMP treatment train for a truck
wash area. This DSF was suspended from study in 2009 (Refer to the 2009 DSF Study Annual
Report for additional information). The fifth DSF, located at Kennett Pike, was added to the
study in 2010. Near the end of 2011, DelDOT and KCI decided to complete the DSF Study, as
the study goals (i.e., determine maintenance recommendations) had been formulated for each of
the DSFs. The Wet Weather Monitoring (WWM) will continue at BMP 72 on Lancaster Pike, as
the performance of this DSF is an indicator of maintenance needs for the long series of DSFs
along Lancaster Pike. In addition, KCI plans to use the sampling test results to calculate
potential pollutant load reductions from this DSF.

» Chapman Maintenance Yard DSF (Stormceptor/DSF Treatment Train)
e Treats Truck Wash Wastewater at DelDOT Maintenance Yard
e Eliminated from Study in 2009

» Lancaster Pike DSF (BMP 72)
e Treats Roadway Runoff
e Stone/Sand/Geotextile Sand Chamber Design

> Route 273 / Route 7 Park-and-Ride Lot DSF (BMP 46)
e Treats Park and Ride Parking Lot Runoff
e Stone/Sand/Geotextile Sand Chamber Design

» Wilmington Delaware Transit Corporation (DTC) Bus Facility DSF
e Treats Commercial Vehicle Parking Lot Runoff
e Sand/Geotextile/Stone Sand Chamber Design

> Kennett Pike DSF (BMPs 364-430)
e Treats Roadway Runoff
e Stone/Sand/Geotextile Sand Chamber Design



DELDOT AGREEMENT 1495 DELAWARE SAND FILTER STUDY
WATER QUALITY MONITORING 2011 ANNUAL REPORT

The 2007 DSF Study Annual Report summarized the following:

Initial DSF Full Maintenance/Cleaning

Dry and Wet Weather Field Observation Methodology
Dry and Wet Weather Field Observations

Lancaster Pike DSF Sand Analysis Results

Initial DSF Maintenance Recommendations.

YV VYV

The 2008 DSF Study Annual Report summarized the following:

Dry and Wet Weather Field Observations
Wilmington DTC DSF Sand Analyses
DSF Study Methodologies Review
Initial Maintenance Recommendations.

YV VYV

The 2009 DSF Study Annual Report summarized the following:

Dry and Wet Weather Field Observations

Lancaster Pike DSF and Wilmington DTC DSF Sand Analyses
Wilmington DTC DSF OUT Automated WWM Install
Statewide Delaware Sand Filter Maintenance Recommendations
Lancaster Pike DSF Detailed Maintenance Schedule.

VYV VYV

The 2010 DSF Study Annual Report summarized the following:

Dry and Wet Weather Field Observations

Commenced Kennett Pike DSF DWO

Commenced WWO Water Quality Field Testing of DSF Inflow and Outflow

Continued Automated WWM at Wilmington DTC DSF OUT

Installed Automated WWM at Lancaster Pike DSF OUT

Submitted a Preliminary Alternate Sand Chamber Media Design for the Wilmington
DTC DSF in October 2010.

YV VYVVYYV

In Year 6 (2011), KCI conducted the following:

Dry and Wet Weather Field Observations

WWO Water Quality Field Testing of DSF Inflow and Outflow
Automated WWM at Wilmington DTC DSF

Automated WWM at Lancaster Pike DSF

YV VYV



DELDOT AGREEMENT 1495 DELAWARE SAND FILTER STUDY
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B. METHODOLOGY

The methodology for conducting DSF Dry Weather Observations (DWO), Wet Weather
Observations (WWO), WWO Water Quality Field Testing and Automated Wet Weather
Monitoring (WWM) is described below.

Dry Weather Observation (DWQ) Methodology:

» General investigation of drainage area, flow patterns and pollutant sources.

» Sedimentation Chamber: Presence/depth of water, sediment depth; presence of oil/grease

» Sand Chamber: Presence/depth of water, depth of gravel, sand, discoloration, and debris;
evidence of clogging, presence of oil/grease

» Date previous rainfall

» Photographs

Wet Weather Observation (WWQ) Methodology:

General investigation of drainage area

Sedimentation Chamber: Presence/depth of water, presence of oil/grease

Sand Chamber: Presence/depth of water; evidence of clogging, presence of oil/grease
Date previous rainfall

Photographs

YV VVVYV

WWO Water Quality Field Testing Methodology:

» DSF inflow and outflow tested for turbidity, pH, chloride, carbon dioxide, alkalinity,
ammonia, hardness, dissolved oxygen and nitrite with HACH Fish Farming Test Kit.

Detailed DWO and WWO methodology information is provided in the Delaware Sand Filter
Dry and Wet Weather Observation Protocol (April 30, 2010).

Wet Weather Monitoring Methodology - Lancaster Pike DSF and Wilmington DTC DSF:

Sampling techniques were performed in accordance with the Environmental Protection Agency
(EPA) Stormwater Sampling Guidance Document, EPA 833-B-92-001 (July 1992). WWM
sampling protocol included 72 hours of antecedently dry conditions and minimum predicted
rainfall depth of 0.10 inches. The automated sampler located at the OUT sample site is
programmed to collect a first flush (FF) and initial composite sample and continue collecting a
sample every 20 minutes for the next three hours. The sampler initiates sampling of FF when
pre-determined programmed parameters are met. Upon completion of the sample event, the
samples are collected and delivered to Atlantic Coast Laboratory for analysis. Detailed WWM
sampling methodology information, including the Sampling Protocol, Laboratory Costs,
Standard Operating Procedures and Site Safety & Health Plan is provided in the Wilmington
Delaware Transit Corporation Delaware Sand Filter Automated Wet Weather Monitoring
Sampling Protocol (September 2009) and the Lancaster Pike (BMP 72) Delaware Sand Filter
Automated Wet Weather Monitoring Sampling Protocol (September 2010).
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TESTING,

WET

CONCLUSIONS

DELAWARE SAND FILTER STUDY
2011 ANNUAL REPORT

Table 1 summarizes the DSF Study field activities for 2011.

DRY AND WET WEATHER OBSERVATIONS, WATER QUALITY FIELD

WEATHER  MONITORING, MAINTENANCE

TABLE 1
2011 DSF FIELD ACTIVITIES SUMMARY
Delaware Sand Filter
Date
Lancaster Pike Pi(;(li:lenﬁ?%/;e Wilmington Kennett Pike
(BMP 72) (BMP 46) DTC (BMPs 364-430)
Dry Weather Observation
Jan 2011 -- -- -- v
Feb 2011 v v v v
Mar 2011 v v v v
May 2011 v v v v
June 2011 v v 4 v
July 2011 v v 4 v
Aug 2011 v v 4 v
Sept 2011 v v v v
Oct 2011 v v 4 v
Nov 2011 v v v v
Dec 2011 v v v v
Wet Weather Observation / Water Quality Field Testing
04/13/11 v v v v v v
09/07/11 v
10/19/11 v v v v v v
12/07/11 v v v v v v
Wet Weather Monitoring
02/25/11 v NA v NA
03/10/11 v NA v NA
10/19/11 v NA -- NA
v
12/27/11 (OUT only) NA -- NA
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Automated Wet Weather Monitoring

There were three WWM Events conducted at BMP 72 where both manual IN and automated
OUT samples were collected in 2011. There were three False Starts at BMP 72 in 2011 on the
following dates: September 23, 2011, October 12, 2011 and November 29, 2011. The
December 27, 2011 WWM Event had only an automated OUT sample (Table 1). The WWM
laboratory data, mean and standard deviation table for each parameter, box and whisker plots,
and FlowLink Graphs are provided in Appendix A. Table 3 provides a summary of the
parameters with mean outflow levels that are less than the inflow levels (¥'), parameters with
equal or very similar mean inflow and outflow levels (=), and those parameters not detected
(ND) at both inflow and outflow. A table cell without any symbol indicates that the mean
outflow level is greater than the inflow level.

TABLE 3
LANCASTER PIKE DSF WET WEATHER MONITORING LABORATORY DATA
MEAN OUTFALL < INFLOW
MEAN OUTFALL < INFLOW
PARAMETER
First Flush Composite
Total Suspended Solids v v
Total Dissolved Solids
Chemical Oxygen Demand v
Biological Oxygen Demand v v
Chloride
Oil & Grease v v
pH
Total Kjeldahl Nitrogen v
Ammonia v v
Total Phosphorus v v
Dissolved Phosphorus = v
Ortho-Phosphate v v
Total Cadmium ND ND
Total Copper v v
Total Lead v v
Total Zinc v v
Field Turbidity (NTU):
FF/CC 1 v v
CC?2 v
CC3 v
CC4 4
CC5 v
CC6 v
cC7 v
CC8 v
CC9 4
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Pollutant Load Reduction

Storm Load calculations were not performed for the three successful WWM Events at both IN
and OUT as a result of insufficient flow data collected at the IN during the storm event.

Maintenance

The DSFs on Lancaster Pike are located on a stretch of roadway such that BMP 72 is located at
the top of slope and is the first series of filters to receive runoff. As a result, this filter becomes
in need of maintenance quicker than those located down slope. Moving forward, KCI
recommends frequent maintenance of BMP 72 (all or a portion of), which would reduce
maintenance requirements for DSFs down slope, with the anticipated goal of maintaining these
filters approximately every 10-15 years.

As presented in the 2009 Annual BMP Report, KCI recommended the DSFs be maintained as
indicated in Table 4. In 2011, DelDOT performed the maintenance as recommended including
the removal of all sediment/organic debris accumulated in the receiving weirs and sediment
chambers of every series of DSFs along Kennett Pike. In addition, DelDOT rehabilitated the
sand chamber for all chambers of BMP 371 and BMP 373.

TABLE 4
LANCASTER PIKE DSF MAINTENANCE RECOMMENDATIONS
Lancaster Pike | Weirs Leading Sediment Sand Number of
DSF BMP # into BMP Chamber Chamber Chambers
52 Clean out Clean out No Maintenance required 6
54 Clean out Clean out No Maintenance required 6
55 Clean out Clean out No Maintenance required 6
56 Clean out Clean out | No Maintenance required 7
57 Clean out Clean out No Maintenance required 7
58 Clean out Clean out No Maintenance required 2
59 Clean out Clean out No Maintenance required 2
60 Clean out Clean out No Maintenance required 3
61 Clean out Clean out No Maintenance required 2
62 Clean out Clean out No Maintenance required 6
63 Clean out Clean out | No Maintenance required 5
64 Clean out Clean out No Maintenance required 5
65 Clean out Clean out No Maintenance required 10
66 Clean out Clean out No Maintenance required 19
67 Clean out Clean out No Maintenance required 6
68 Clean out Clean out No Maintenance required 5
69 Clean out Clean out No Maintenance required 10
70 Clean out Clean out No Maintenance required 4
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71 Clean out Clean out No Maintenance required 6
72 Clean out Clean out Clean out 11
73 Clean out Clean out No Maintenance required 6
Conclusions

More frequent maintenance will increase the DSF performance. The water quality analyses will
be useful to verify that minimal maintenance is needed to keep these residential filters
functioning, in terms of water quality treatment.

Wet Weather Monitoring issues occurred at BMP 72 IN related to sampling the curb flow, which
prevented storm load calculations from being performed. However, KCI has installed improved
equipment for performing sampling at the IN location, which will allow for more accurate
readings of flow and level. Along with the improved equipment, the sampling methodology will
be altered for the 2012 sampling period. The altered sampling methodology will provide flow
readings and lab data which will be more representative of a storm event, allowing for a better
evaluation of the performance of BMP 72 that is supported by statistical analysis.

10
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Water Quality Field Testing

During WWO, water quality field testing at the DSF inflow and outflow was conducted. In
2011, two samples were tested at the inflow and outflow (Table 1). The mean and standard
deviation for each parameter are provided in Appendix B. Table 5 provides a summary of the
parameters with mean outflow levels that are less than the inflow levels (¥'), parameters with
equal or very similar mean inflow and outflow levels (=), and those parameters not detected
(ND) at both inflow and outflow. A table cell without any symbol indicates that the mean
outflow level is greater than the inflow level.

T E
ROUTE 273-7 PARK-AND-RIDE DggI\JVASTER QUALITY FIELD TESTING
PARAMETER MEAN OUTFALL < INFLOW
Turbidity v
pH v
Chloride =
Carbon Dioxide =
Alkalinity v
Ammonia v
Hardness v
Dissolved Oxygen v
Nitrite ND

Maintenance

No maintenance has been performed since the initiation of the DSF Study in 2006. Other than
the black coating observed on the gravel in the sand chamber, no other potential maintenance
issues have been identified by field crews during the DWO and WWO.

Conclusions

This DSF is not subject to significant sediment-laden pollutants.

12
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DWO-WWQO Observations

DWO and WWO indicated a black residue containing oily waste accumulating on the top layer
of the sand. This black residue clogs the top of the sand, which impedes the flow of water
through the sand media (Appendix C). This DSF was maintained in May 2011.

Water Quality Field Testing

During WWO, water quality field testing at the DSF inflow and outflow was conducted. In
2011, three samples were tested at the inflow and outflow. The mean and standard deviation for
each parameter are provided in Appendix C. Table 6 provides a summary of the parameters
with water quality field testing mean outflow levels that are less than the inflow levels (¥), and
those parameters that were not detected (ND) at both inflow and outflow. A table cell without a
symbol indicates that the mean outflow level is greater than the inflow level.

TABLE 6
WILMINGTON DTC DSF WATER QUALITY FIELD TESTING
PARAMETER MEAN OUTFALL < INFLOW
Turbidity v
pH v
Chloride

Carbon Dioxide =
Alkalinity
Ammonia

Hardness =

Dissolved Oxygen v

Nitrite ND

Wet Weather Monitoring

Two manual WWM events were conducted in 2011 (Table 1). The WWM laboratory data,
mean and standard deviation table for each parameter, and box and whisker plots are provided in
Appendix C.

Table 7 provides a summary of the parameters with mean outflow levels that are less than the
inflow levels (¥), parameters with equal or very similar mean inflow and outflow levels (=), and
those parameters not detected (ND) at both inflow and outflow. A table cell without any symbol
indicates that the mean outflow level is greater than the inflow level.

14
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TABLE 7
WILMINGTON DTC DSF WET WEATHER MONITORING LABORATORY DATA

MEAN OUTFALL < INFLOW

2011 ANNUAL REPORT

PARAMETER

MEAN OUTFALL < INFLOW

First Flush

Composite

Total Suspended Solids

v

Total Dissolved Solids

Chemical Oxygen Demand

v
v

Biological Oxygen Demand

Chloride

ANENENEN

Oil & Grease

pH

Total Kjeldahl Nitrogen

Ammonia

Total Phosphorus

Dissolved Phosphorus

Ortho-Phosphate

Total Cadmium

Total Copper

Total Lead

Total Zinc

Field Turbidity (NTU):

FF/CC1

CcC2

CC3

cC4

CC5S

CC6

cC7

CC8

CC9

NNANENENEN

AN
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Pollutant Load Reduction

Storm Load calculations were not performed for the two successful WWM Events at both IN and
OUT due to insufficient flow data collected at the IN during the storm event. Also, sand and
stone washout from the sand chambers repeatedly occurred throughout 2011. The washout
disrupted the automated OUT sampling equipment and greatly reduced the functionality and
performance of each sand chamber.

Maintenance

Although the DTC has a contractor that routinely monitors the condition of the DSF, KCI
observed continued washout of stone and sand from several sand chambers throughout the 2011
monitoring period during DWO and WWO. KCI designed a new specification for the
Wilmington DTC DSF to determine if an alternate design would impact water quality. However,
the design was not implemented due to maintenance issues at the DSF.

Conclusions

DSFs treating parking areas for Diesel Transit Vehicles need frequent maintenance, as the top
layer of the sand chamber becomes clogged with fine particulate matter.

16
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DWO-WWO Observations

In 2011, 11 DWO and two WWO were performed at the 44 Kennett Pike DSFs (Table 1).
Appendix D contains the DWO and WWO field data collected for each filter, as well as a
statistical summary of the mean and standard deviation for the quantifiable parameters (i.c.,
water depth, sediment depth, debris depth, % coverage). Water Quality Field Testing and WWM
are not performed at the Kennett Pike DSFs.

The 2011 DWO and WWO indicated no significant increase in debris depth in the sand chamber
for the majority of sand filters. A heavy thick black residue was observed accumulating on the
stone in the sand chambers; however it does not seem to be affecting the functionality of the sand
filters. There were no other potential maintenance issues identified at the DSF.

Maintenance

As presented in the 2009 Annual BMP Report, KCI recommended the DSFs be maintained as
indicated in Table 8. In 2011, DelDOT performed the maintenance as recommended, including
the removal of all sediment/organic debris accumulated in the receiving weirs and sediment
chambers of every series of DSFs along Kennett Pike. In addition, DelDOT rehabilitated the
sand chamber for all chambers of BMP 371 and BMP 373.

TABLE 8
2011 KENNETT PIKE DSF MAINTENANCE
Kennett Pike | Weirs Leading Sediment Sand Number of
BMP # into BMP Chamber Chamber Chambers
364 Clean out Clean out No maintenance required 1
365 Clean out Clean out | No maintenance required 1
366 Clean out Clean out | No maintenance required 1
367 Clean out Clean out | No maintenance required 2
368 Clean out Clean out | No maintenance required 1
369 Clean out Clean out | No maintenance required 2
370 Clean out Clean out | No maintenance required 1
371 Clean out Clean out Clean out 1
372 Clean out Clean out No maintenance required 1
373 Clean out Clean out Clean out 2
374 Clean out Clean out | No maintenance required 2
375 Clean out Clean out | No maintenance required 3
376 Clean out Clean out | No maintenance required 1
377 Clean out Clean out | No maintenance required 1
378 Clean out Clean out | No maintenance required 2
379 Clean out Clean out | No maintenance required 1
380 Clean out Clean out | No maintenance required 2
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Kennett Pike | Weirs Leading Sediment Sand Number of
BMP # into BMP Chamber Chamber Chambers
381 Clean out Clean out | No maintenance required 1
382 Clean out Clean out | No maintenance required 1
383 Clean out Clean out | No maintenance required 2
384 Clean out Clean out No maintenance required 2
385 Clean out Clean out | No maintenance required 1
386 Clean out Clean out | No maintenance required 2
387 Clean out Clean out | No maintenance required 1
388 Clean out Clean out | No maintenance required 1
389 Clean out Clean out | No maintenance required 1
390 Clean out Clean out | No maintenance required 1
391 Clean out Clean out | No maintenance required 1
392 Clean out Clean out | No maintenance required 1
393 Clean out Clean out | No maintenance required 1
394 Clean out Clean out | No maintenance required 1
395 Clean out Clean out | No maintenance required 1
396 Clean out Clean out | No maintenance required 1
397 Clean out Clean out | No maintenance required 1
421 Clean out Clean out No maintenance required 1
422 Clean out Clean out | No maintenance required 1
423 Clean out Clean out | No maintenance required 1
424 Clean out Clean out No maintenance required 4
425 Clean out Clean out | No maintenance required 1
426 Clean out Clean out | No maintenance required 1
427 Clean out Clean out | No maintenance required 1
428 Clean out Clean out | No maintenance required 1
429 Clean out Clean out | No maintenance required 3
430 Clean out Clean out | No maintenance required 2
Conclusions

KCI has not yet developed specific conclusions related to the Kennett Pike DSFs.
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D. NEXT STEPS

The DSF Study results, conclusions, maintenance recommendations and next steps have been
summarized in the Delaware Sand Filter Study Summary Report: 2006-2011. Although the
formal DSF Study was finalized at the end of 2011, there are long-term activities that KCI will
continue to perform at the DSFs for 2012 and beyond.

Lancaster Pike DSF (BMPs 52, 54-73)

KCI will continue to perform WWM at BMP 72 implementing the new sampling methodology
and modified equipment to provide an improved evaluation of the performance of BMP72.

Route 273/7 Park & Ride (BMP 46)

KCI will continue to perform DWO and WWO at this BMP on a bi-yearly basis (1 between
January-June; 1 between July and December), starting in 2012 until it is determined that the
BMP needs to be maintained. This will provide DelDOT with an approximate maintenance
frequency for this DSF.

Wilmington DTC DSF

The DTC has a contractor in-place that monitors the condition of the DSF; KCI has observed that
the DSF is being maintained at an appropriate frequency. There will be no further activities at
this DSF in the future.

Kennett Pike DSF (BMPs 364-430)

KCI will continue to perform DWO and WWO at this BMP on a bi-yearly basis (1 between
January-June; 1 between July and December), starting in 2012 until it is determined when the

BMP needs to be maintained. This will provide DelDOT with an approximate maintenance
frequency for this DSF.
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WATER QUALITY FIELD TESTING SUMMARY
WWM LABORATORY DATA

WWM MEAN & STANDARD DEVIATION
WWM B0oX & WHISKER PLOTS

WWM FLOWLINK GRAPHS



LANCASTER PIKE DELAWARE SAND FILTER
DRY WEATHER FIELD OBSERVATIONS

2011 DRY SUMMARY

Date Inspected 02/28/11 03/30A11 05/26/11 06/14/11 0711111 08/10M11 09/16/11 10/18M11 11/08A11 12M16M11

Previous 02/25/11 03/23/11 05/20/11 06/12/11 07/08/11 08/09/11 09/11/11 10/14/111 10/29/11 12/08/11
Precipitation

SEDIMENTATION CHAMBER

Chambers
Inspected

Water Present

(YIN) Y Y Y Y Y Y Y Y Y Y Y N Y Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Wate(rﬂ[))epth 020 | 1.50 | 1.50 | 1.70 | 1.70 | 1.80 | 0.60 [ 1.00 | 0.50 | 1.00 | 1.70 | 0.00 | 1.30 | 1.50 | 1.60 | 120 | 1.60 | 0.00 | 1.40 [ 1.30 [ 1.60 | 1.30 | 1.30 | 1.00 | 0.90 | 1.60 | 1.10 | 1.60 | 210 | 210 [ 210 [ 210 [ 2.10 | 210 | 2110 | 210 | 200 | 210 | 155 | 1.65 | 2.00 [ 210 | 2.00 [ 210 [ 1.60 | 1.60 | 2.00 | 2.00 | 2.00 | 2.00 | 1.50 | 1.60 | 2.00 [ 2.00 | 2.00 [ 2.10
g‘:d't':‘z:t; 170 | 060 | 060 | 040 | 040 | 0.30 | 1.50 | 1.10 | 0.60 | 0.50 | 040 | 1.70 | 0.80 | 0.60 | 0.50 | 0.40 | 0.40 | 1.70 | 0.70 | 0.80 | 0.50 | 050 | 0.35 | 2.00 [ 0.90 | 0.80 | 0.50 | 0.40 | 0.10 | 0.10 | 0.10 | 0.10 | 0.10 | 010 | 010 [ 010 [ 010 | 010 | 010 | 0.10 | 0.10 | 0.10 | 0.10 | 0.10 | 010 [ 010 | 010 [ 010 [ 010 | 0.0 | 010 | 0.10 | 0.10 | 0.10 | 0.10 | 0.10
pl

Oil or Grease
Present (Y/N)

SAND CHAMBER

Water Present
(YIN)

Gravel Depth

(f) 020 | 020 | 020 | 020 [ 020 | 020 | 025 [ 025 | 020 | 020 | 0.25 020 | 020 | 030 | 020 | 0.20 030 | 020 | 010 | 020 | 010 | 6.20 020 | 020 | 020 | 040 | 020 | 0.20 020 | 020 | 020 | 020 | 0.20 020 | 015 | 020 | 020 | 0.35 | 0.30 020 ]| 010 | 010 | 020 | 020 | 020 | 020 | 020 | 0.30 | 0.10 [ 020 | 010 | 020 | 0.20 | 010 | 0.10 [ 0.20

Sand Depth (ft)| 1.50 1.10 | 0.90 1.10 1.00 1.10 1.45 1.30 1.40 1.50 | 1.40 1.20 1.30 | 0.80 1.30 | 1.30 1.15 1.30 1.40 120 | 035 | 1.10 1.25 1.40 1.40 1.30 1.40 | 1.20 1.60 1.50 1.60 1.60 | 1.60 1.60 1.45 1.45 1.45 1.45 | 145 1.45 1.40 1.50 1.60 1.50 1.60 1.60 1.30 1.40 1.60 1.50 1.50 1.50 1.40 170 1.60 1.50

Discoloration
Depth (ft)

Clogging
Evidence (Y/N)

Debris Depth

(f) 020 | 010 | 010 | 0.05 [ 0.05 | 010 | 033 [ 025 | 025 | 0.30 | 0.15 0.40 | 030 | 010 | 0.10 | 0.10 010 | 040 | 040 | 025 | 025 | 030 | 0.10 | 040 | 010 | 010 [ 010 | 010 | 0.00 [ 0.00 | 0.00 | 0.10 | 0.00 [ 0.00 | 010 | O.10 ( 010 | 010 | 0.10 [ 010 | 010 | 0.10 [ 010 | 010 | 010 | 010 | 010 | 010 | 0.10 [ 010 | 010 | 0.10 | 0.10 | 010 | 0.10 [ 0.10

Debris

Coverage (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 80 100 100 100 100 100 100 100 100 100 75 100 20 10 0 40 10 30 100 20 10 20 10 50 80 10 10 10 10 40 100 20 10 10 10 10 100 25 10 10
o,

Oil or Grease
Present (Y/N)

FIELD NOTES:

05-26-11: Chamber #1 Sediment Chamber - sediment depth = full.
05-26-11: Chamber #5 sand chamber - 6 in. cil/grease on top of effluent pipe.
08-10-11: DSFs recently cleaned.

11-08-11: Excessive oil

LANCASTER PIKE DELAWARE SAND FILTER
DRY WEATHER OBSERVATIONS
2011 DRY DATA SUMMARY













BMP 72 IN WWM
2011 Laboratory Data

PARAMETER Units FFOZIZSIEOMP FFO3/1 0”(;IOMP FF‘IOI1 9”(;IOMP F‘:=2l2|7(l:gMP
TOTAL SUSPENDED SOLIDS mg/L 258.0 198.0 46.5 32.4 24.6 22.6
TOTAL DISSOLVED SOLIDS mag/L 1580.0 605.0 393.0 549.0 109.0 201.0
CHEMICAL OXYGEN DEMAND mg/L 344.0 256.0 33.0 29.0 102.0 118.0
BIOLOGICAL OXYGEN DEMAND mag/L 12.2 7.0 <4 6.0 171 22.0
CHLORIDE mg/L 1060.00 | 390.00 247.00 364.00 8.98 11.00
OIL & GREASE mag/L 14.40 9.90 <5 <5 <5 <5
pH units 6.85 6.96 6.88 6.80 7.20 7.19
TOTAL KJELDAHL NITROGEN mg/L as N 218 35.10 0.60 0.79 1.60 1.72 NO IN DATA
AMMONIA mg/L as N 0.76 0.44 0.51 0.48 <0.2 <0.2
TOTAL PHOSPHORUS mg/L as P 0.53 8.47 0.16 0.13 0.49 0.51
DISSOLVED PHOSPHORUS mg/L as P 0.10 4.67 0.09 0.12 0.27 0.29
ORTHO-PHOSPHATE mag/L 0.21 0.20 0.09 0.08 0.29 0.29
TOTAL CADMIUM mg/L <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
TOTAL COPPER mag/L 0.082 0.052 0.010 0.011 0.019 0.026
TOTAL LEAD mg/L 0.034 0.025 <0.01 <0.01 <0.01 <0.01
TOTAL ZINC mg/L 0.317 0.229 0.046 0.047 0.032 0.038
FIELD TURBIDITY:
FF/C1 NTU 221.00 221.00 35.48 35.48 20.73 20.73
C2 NTU 154.10 35.14 19.45
C3 NTU 177.10 31.28 27.04
C4 NTU 239.80 30.23 11.74
C5 NTU 125.80 27.7 10.87 NO IN DATA
Cé6 NTU 126.30 23.02 9.58
C7 NTU 96.70 13.45
C8 NTU 86.92 25.37
C9 NTU 83.44 31.5
ND = Non Detects - Those levels that were less than the laboratory equipment detection limit No Flow C7-C9
CONTROL (O0)
10/19/11
FF COMP
TSS 25.40 33.00

TDS 127.00 146.00
COD 98.00 127.00
BOD 21.50 23.60

Cl 9.25 11.20

08G <5 <5
pH 6.96 6.87

TKN 152 1.70

AMM <0.2 <0.2




BMP 72 OUT WWM
2011 Laboratory Data

: 2125111 10/11 10/19/11 12127111
PARAMETER Units FFO : 5ICOMP FF03/ OICOMP FF 5 glCOMP FF : ICOMP
TOTAL SUSPENDED SOLIDS mgiL 29.6 26.2 5.0 <4 14.8 7.0 8.0 50
TOTAL DISSOLVED SOLIDS mglL 8370.0 | 3890.0 | 5740 | 527.0 | 1000 | 130.0 79 47
CHEMICAL OXYGEN DEMAND mgiL 166.0 | 282.0 12.0 <10 996.0 45.0 21 25
BIOLOGICAL OXYGEN DEMAND mglL 8.0 <4 <4 <4 7.0 50 <4 <4
CHLORIDE mgiL 5820.00 | 2350.00 | 309.00 | 69.50 | 10.30 | 10.30 5.88 2.25
OIL & GREASE mglL 5.60 5.50 <5 <5 <5 <5 <5 <5
pH units 6.90 7.05 7.52 7.49 7.28 717 7.58 7.51
TOTAL KJELDAHL NITROGEN mg/L as N 9.12 1.33 0.73 0.74 0.80 0.68 0.21 <0.2
AMMONIA mg/L as N 1.15 0.58 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
TOTAL PHOSPHORUS mglL as P 0.68 0.17 0.22 0.13 0.16 0.10 <0.05 | <0.05
DISSOLVED PHOSPHORUS mglL as P 0.40 0.14 0.16 0.16 0.07 0.08 <0.05 | <0.05
ORTHO-PHOSPHATE mglL 0.09 0.14 0.11 0.08 0.07 0.05 <0.05 | <0.05
TOTAL CADMIUM mgiL <0.004 | <0.004 | <0.004 | <0.004 | <0.004 | <0.004 | <0.004 | <0.004
TOTAL COPPER mglL 0025 | 0022 | 0018 | 0.011 0013 | 0.011 | <0.005 | <0.005
TOTAL LEAD mgiL <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
TOTAL ZINC mglL 0079 | 0053 | 0025 | 0.021 0.011 0.012 | <0.005 | <0.005
FIELD TURBIDITY:
FF/C1 NTU 4527 | 4527 8.35 8.35 4.62 4.62 1510 | 15.10
c2 NTU 44.53 8.36 414 7.80
Cc3 NTU 34.8 6.79 2.56 5.79
ca NTU 32.49 2.35 3.39 6.25
Cc5 NTU 32.5 2.53 3.33 4.70
Ccé NTU 30.16 3.08 2.55 4.40
c7 NTU 27.46 3.57 14.80
cs NTU 23.23 2.72 7.32
Cco NTU 20.66 8.46 6.23
C7-C9 No Flow

ND = Non Detects - Those levels that were less than the laboratory equipment detection limit

























DELAWARE SAND FILTER STUDY

2011 ANNUAL REPORT

APPENDIX B

ROUTE 273 /7 PARK-AND-RIDE LOT DSF

» DRY WEATHER OBSERVATION SUMMARY
» WET WEATHER OBSERVATION SUMMARY

» WATER QUALITY FIELD TESTING SUMMARY



ROUTE 273/7 PARK & RIDE DELAWARE SAND FILTER

DRY WEATHER FIELD OBSERVATIONS

2011 DRY SUMMARY

Date Inspected 02/21/11 03/30/11 05/25/11 06/14/11 07/08/11 08/10/11 09/16/11 10/18/11 11/08/11 12/16/11 2011
Previous Precipitation 02/02/11 03/23/11 05/20/11 06/12/11 07/02/11 08/09/11 09/11/11 10/16/11 10/29/11 12/08/11 | Mean (M) Desit:t?::r(:D)
SEDIMENTATION CHAMBER

Water Present (Y/N) Y Y Y Y Y Y Y Y Y Y N/A
Water Depth (ft) 1.70 1.65 1.70 1.70 1.60 1.64 1.60 1.60 1.70 1.60 1.65 0.047
Sediment Depth (ft) 0.10 0.15 0.05 0.10 0.10 0.16 0.20 0.20 0.10 0.20 0.14 0.053

Oil or Grease Present (Y/N) Y Y Y Y Y Y Y N Y Y N/A

SAND CHAMBER

Water Present (Y/N) N N N N N N N N N N N/A
Gravel Depth (ft) 0.30 0.25 0.20 0.30 0.40 0.30 0.20 0.10 0.40 0.20 0.27 0.094
Sand Depth (ft) 1.20 1.30 1.35 1.30 0.75 1.40 1.40 1.30 1.20 1.30 1.25 0.189
Discoloration Depth (ft) 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.000

Clogging Evidence (Y/N) N N N N N N N N N N N/A
Debris Depth (ft) 0.10 0.10 0.05 0.05 0.25 0.10 0.10 0.10 0.10 0.10 0.11 0.055
Debris Coverage (%) 70 40 80 100 80 100 100 60 100 100 83.00 21.108

Oil or Grease Present Y Y Y Y Y Y Y N Y Y N/A




ROUTE 273/7 PARK & RIDE DELAWARE SAND FILTER
WET WEATHER FIELD OBSERVATIONS

2011 WET SUMMARY

Date Inspected 04/13/11 10/19/11 12/07/11 2011
Precipitation Past 24 Standard
Hours (in) 0.70 0.40 0.69 BRI ) Deviation (SD)
TURBIDITY (NTU)
IN
* 16.97 0.85
(Curb) See 2011 Water Quality Summary
ouT . Table
(Manhole) 2.03 0-85
PETROLEUM ODOR
Yes (Y) / No (N) N N N N/A
SEDIMENTATION CHAMBER
Water Present (Y/N) Y Y Y N/A
Water Depth (ft) 1.65 1.6 1.6 1.62 0.029
Oil or Grease Present
(YIN) Y Y Y N/A
SAND CHAMBER
Water Present (Y/N) N N N N/A
Water Depth (ft) 0.0 0.0 N 0.00 0.000
Clogging Evidence (Y/N) N N N N/A
Oil or Grease Present
(YIN) Y Y Y N/A
N=3

* 04/13/11: No flow into or out of DSF so WWO WQ test could not be performed.




ROUTE 273-7 PARK & RIDE DELAWARE SAND FILTER

WET WEATHER FIELD OBSERVATIONS

2011 WATER QUALITY FIELD TESTING SUMMARY

DSF IN DSF OUT
PARAMETER | UNITS
04/13/11 | 10/19/11 | 12/07M1 | INMean | INSD 04/13/11 | 10/19/11 | 12/07/11 |OUT Mean| OUT SD
Time 1:15PM | 1:20 PM - - 1:45PM | 1:20 PM - -
Air Temp F 61.00 | 5300 | 57.00 | 5657 61.00 | 5300 | 57.00 | 5.657
Water Temp F 6530 | 57.30 | 6130 | 5.657 6510 | 57.20 | 61.15 | 5.586
Turbidity NTU 16.97 0.85 8.91 11.399 2.03 0.85 1.44 0.834
pH units 8.01 8.18 8.10 0.120 7.60 7.90 7.75 0.212
Chloride mg/L 3000 | 3000 | 30.00 | 0.000 3000 | 30.00 | 30.00 | 0.000
Carbon Dioxide | mg/L 5.00 5.00 5.00 0.000 5.00 5.00 5.00 0.000
Alkalinity mg/L 5130 | 5130 | 5130 | 0.000 5130 | 3420 | 4275 | 12.092
Ammonia mg/L 0.00 0.20 0.10 0.141 0.00 0.00 0.00 0.000
Hardness mg/L 5130 | 5130 | 5130 | 0.000 5130 | 3420 | 4275 | 12.092
Dissolved Oxygen| mg/L 9.00 10.00 9.50 0.707 6.00 9.00 7.50 2.121
Nitrite mg/L 0.00 0.00 0 0 0.00 0.00 0 0
N=2 N=2

* 04/13/11: No flow into or out of DSF so WWO WQ test could not be performed.

* 04/13/11: No flow into or out of DSF so WWO WQ test
could not be performed.




DELAWARE SAND FILTER STUDY

2011 ANNUAL REPORT

APPENDIX C

WILMINGTON DTC DSF

DRY WEATHER OBSERVATION SUMMARY
WET WEATHER OBSERVATION SUMMARY
WATER QUALITY FIELD TESTING SUMMARY
WWM LABORATORY DATA

WWM MEAN & STANDARD DEVIATION

WWM BOX & WHISKER PLOTS

YV V.V V V VY












Wilmington DTC DSF Wet Weather Monitoring
Wilm DTC DSF IN
2011 Laboratory Data

02/25/11 03/10/11
PARAMETER Units
FF COMP FF COMP
TOTAL SUSPENDED SOLIDS mg/L 31.2 24.8 104 23.8
TOTAL DISSOLVED SOLIDS mg/L 19000 7370 83 80
CHEMICAL OXYGEN DEMAND mg/L 3510 177 245 66
BIOLOGICAL OXYGEN DEMAND mg/L 53 27.8 91.0 32.4
CHLORIDE mg/L 12400 5130.00 36.40 26.40
OIL & GREASE mg/L <5 7.00 <5 <5
pH units 6.63 6.60 6.37 6.42
TOTAL KJELDAHL NITROGEN mg/L as N 2.67 2.20 1.14 <0.2
AMMONIA mg/L as N 1.09 0.56 0.33 <0.2
TOTAL PHOSPHORUS mg/L as P 0.14 0.19 0.14 0.06
DISSOLVED PHOSPHORUS mg/L as P 0.06 0.06 0.06 0.05
ORTHO-PHOSPHATE mg/L 0.10 0.14 0.14 <0.05
TOTAL CADMIUM mg/L <0.004 <0.004 <0.004 <0.004
TOTAL COPPER mg/L 0.029 0.023 0.009 <0.005
TOTAL LEAD mg/L <0.01 <0.01 <0.01 <0.01
TOTAL ZINC mg/L 0.085 0.069 0.124 0.078
FIELD TURBIDITY:
FF/C1 NTU 91.19 91.19 31.18 31.18
C2 NTU 51.5 11.96
C3 NTU 77.86 44.85
C4 NTU 68.79 20.8
C5 NTU 36.07 10.34
C6 NTU 27.1 12.68
c7 NTU 31.53 13.57
Ccs8 NTU 10.98 16.45
C9 NTU 10.98 9.74

ND = Non Detects - Those levels that were less than the laboratory equipment detection limit




Wilmington DTC DSF Wet Weather Monitoring
Wilm DTC DSF OUT
2011 Laboratory Data

02/25/11 03/10/11
PARAMETER Units
FF COMP FF COMP
TOTAL SUSPENDED SOLIDS mg/L 94.0 38.8 8.0 8
TOTAL DISSOLVED SOLIDS mg/L 891 337 1757 877
CHEMICAL OXYGEN DEMAND mg/L 162 87 127 103
BIOLOGICAL OXYGEN DEMAND mg/L 23.2 12.8 73 68
CHLORIDE mg/L 570 195.00 1200.00 607.00
OIL & GREASE mg/L 8.20 7.50 <5 <5
pH units 6.72 6.64 6.43 6.45
TOTAL KJELDAHL NITROGEN mg/L as N 1.01 0.79 2.26 1.54
AMMONIA mg/L as N 0.30 0.34 0.37 0.27
TOTAL PHOSPHORUS mg/L as P 0.27 0.11 0.09 0.10
DISSOLVED PHOSPHORUS mg/L as P 0.07 0.05 0.07 0.07
ORTHO-PHOSPHATE mg/L 0.14 0.07 0.06 0.09
TOTAL CADMIUM mg/L <0.004 <0.004 <0.004 <0.004
TOTAL COPPER mg/L 0.086 0.017 <0.005 <0.005
TOTAL LEAD mg/L 0.076 0.013 <0.01 <0.01
TOTAL ZINC mg/L 0.671 0.125 0.066 0.005
FIELD TURBIDITY:
FF/C1 NTU 17.76 17.76 11.26 11.26
Cc2 NTU 15.65 5.88
C3 NTU 19.43 5.99
C4 NTU 18.46 6.6
C5 NTU 17.3 17.01
C6 NTU 17.14 27.18
C7 NTU 17.86 9.1
Cc8 NTU 15.46 8.55
Cc9 NTU 14.49 12.31

ND = Non Detects - Those levels that were less than the laboratory equipment detection limit
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KENNETT PIKE DSF

» DRY WEATHER OBSERVATION MEAN & STANDARD DEVIATION

> DRY WEATHER OBSERVATION MONTHLY SUMMARY

» WET WEATHER OBSERVATION MEAN & STANDARD DEVIATION

» WET WEATHER OBSERVATION MONTHLY SUMMARY






Kennett Pike DSF Dry Weather Observation
January 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.00 0.80 Y N N 0.25 100 Y
365 Y 1.10 0.55 Y N N 0.05 100 Y
366 Y 0.90 0.60 Y N N 0.05 100 Y
367 Y 1.00 0.45 Y N N 0.05 70 Y
368 Y 1.80 0.20 Y N N 0.05 100 Y
369 Y 1.30 0.30 Y N N 0.00 0 Y
370 Y 1.50 0.50 Y N N 0.15 50 Y
371 Y 1.60 0.30 Y N N 0.05 100 Y
372 Y 1.40 0.50 Y N N 0.05 100 Y
373 Y 1.40 0.60 Y N N 0.05 100 Y
374 Y 1.50 0.10 Y N N 0.05 100 Y
375 Y 1.40 0.60 Y N N 0.30 100 Y
376 Y 1.70 0.05 Y N N 0.05 80 Y
377 Y 1.70 0.30 Y N N 0.05 70 Y
378 Y 1.80 0.20 Y N N 0.05 100 Y
379 Y 1.50 0.50 Y N N 0.05 100 Y
380 Y 1.70 0.30 Y N N 0.10 100 Y
381 Y 1.40 0.45 Y N N 0.10 90 Y
382 Y 1.20 0.30 Y N N 0.20 100 Y
383 Y 1.70 0.30 Y N N 0.15 100 Y
384 Y 1.50 0.25 Y N N 0.10 100 Y
385 Y 1.50 0.45 Y N N 0.10 100 Y
386 Y 0.80 1.00 Y N N 0.10 100 Y
387 Y 0.10 1.60 Y N N 0.10 70 Y
388 Y 1.00 0.55 Y N N 0.10 90 Y
389 Y 1.30 0.70 Y N N 0.10 100 Y
390 Y 1.20 0.80 Y N N 0.20 100 Y
391 Y 1.80 0.10 Y N N 0.05 100 Y
392 Y 1.50 0.30 Y N N 0.05 50 Y
393 Y 1.80 0.15 Y N N 0.10 70 Y
394 Y 1.60 0.35 Y N N 0.10 80 Y
395 Y 1.40 0.40 Y N N 0.15 100 Y
396 Y 1.00 0.80 Y N N 0.15 100 Y
397 Y 1.20 0.40 Y N N 0.05 100 Y
421 Y 1.80 0.20 Y N N 0.15 100 Y
422 Y 1.30 0.30 Y N N 0.10 90 Y
423 Y 1.60 0.40 Y N N 0.10 90 Y
424 Y 1.40 0.50 Y N N 0.05 90 Y
425 Y 1.60 0.30 Y N N 0.05 90 Y
426 Y 1.50 0.30 Y N N 0.05 90 Y
427 Y 1.30 0.20 Y N N 0.05 50 Y
428 Y 1.40 0.40 Y N N 0.10 80 Y
429 Y 1.60 0.30 Y N N 0.10 100 Y
430 Y 1.20 0.20 Y N N 0.10 100 Y




Kennett Pike DSF Dry Weather Observation
February 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.10 0.70 Y N N 0.10 90 Y
365 Y 1.30 0.70 Y N N 0.10 100 Y
366 Y 0.70 0.90 Y N N 0.05 100 Y
367 Y 1.30 0.40 Y N N 0.05 70 Y
368 Y 1.80 0.40 Y Y * Y N/A N/A Y
369 Y 1.30 0.30 Y N N 0.02 20 Y
370 Y 1.50 0.50 Y N N 0.05 50 Y
371 Y 1.70 0.30 Y N N 0.10 80 Y
372 Y 1.40 0.60 Y N N 0.05 100 Y
373 Y 1.00 1.00 Y N N 0.10 100 Y
374 Y 1.20 0.50 Y N N 0.05 80 Y
375 Y 1.10 0.90 Y N N 0.10 100 Y
376 Y 1.80 0.20 Y N N 0.02 50 Y
377 Y 1.70 0.30 Y N N 0.05 70 Y
378 Y 1.60 0.40 Y N N 0.10 90 Y
379 Y 1.50 1.50 Y N N 0.10 100 Y
380 Y 1.60 0.40 Y N N 0.10 100 Y
381 Y 1.70 0.30 Y N N 0.10 80 Y
382 Y 1.20 0.50 Y N N 0.05 100 Y
383 Y 1.70 0.30 Y N N 0.05 70 Y
384 Y 1.50 0.50 Y N N 0.05 100 Y
385 Y 1.50 0.50 Y N N 0.10 100 Y
386 Y 1.00 1.20 Y Y * Y N/A N/A Y
387 Y 0.50 1.10 Y N N 0.05 90 Y
388 Y 0.60 1.00 Y N N 0.10 100 Y
389 Y 1.30 0.70 Y N N 0.10 100 Y
390 Y 1.30 0.70 Y N N 0.10 100 Y
391 Y 1.70 0.30 Y N N 0.05 100 Y
392 Y 1.50 0.50 Y N N 0.10 100 Y
393 Y 1.70 0.30 Y N N 0.05 80 Y
394 Y 1.50 0.50 Y N N 0.05 70 Y
395 Y 1.20 0.80 Y N N 1.50 100 Y
396 Y 1.40 0.70 Y Y * Y N/A N/A Y
397 Y 1.10 0.90 Y N N 0.10 70 Y
421 Y 1.80 0.30 Y N N 0.10 90 Y
422 Y 1.50 0.20 Y N N 0.05 100 Y
423 Y 1.50 0.50 Y N N 0.05 80 Y
424 Y 1.30 0.70 Y N N 0.05 100 Y
425 Y 1.70 0.30 Y N N 0.05 100 Y
426 Y 1.50 0.50 Y N N 0.10 100 Y
427 Y 1.50 0.20 Y N N 0.05 50 Y
428 Y 1.50 0.50 Y N N 0.05 100 Y
429 Y 1.70 0.30 Y N N 0.10 100 Y
430 Y 1.60 0.40 Y Y* Y N/A N/A Y

* Water in Sand Chamber

368 = 0.80'
386 =0.90'
396 =0.80'
430=0.20'




Kennett Pike DSF Dry Weather Observation

March 2011
BMP # Sed. Chamber S\;:;::‘;’:;T‘r S:Z?&Z::r;:::h Se-d. Chamber | Sand Chamber Sanfi Char‘nber S;:Sr;h;:\pl::r [)S:::sc(:)avr:zegre Sar\d Chamber
Water Present () () Oil or Grease | Water Present | Clogging Evidence () %) Oil or Grease
364 Y 0.80 1.00 Y N N 0.10 100 Y
365 Y 0.90 0.90 Y N N 0.10 100 Y
366 Y 0.70 0.85 Y N N 0.10 100 Y
367 Y 1.10 0.60 Y N N 0.10 90 Y
368 Y 1.75 0.30 Y Y * Y N/A N/A Y
369 Y 1.10 0.50 Y N N 0.02 10 Y
370 Y 1.70 0.35 Y N N 0.10 30 Y
371 Y 1.75 0.30 Y N N 0.10 75 Y
372 Y 1.30 0.75 Y N N 0.10 100 Y
373 Y 1.10 1.00 Y Y * Y N/A N/A Y
374 Y 1.30 0.30 Y N N 0.10 100 Y
375 Y 1.10 0.80 Y N N 0.10 100 Y
376 Y 1.70 0.15 Y N N 0.10 10 Y
377 Y 1.75 0.35 Y N N 0.10 85 Y
378 Y 1.80 0.25 Y N N 0.10 100 Y
379 Y 1.70 0.40 Y N N 0.10 100 Y
380 Y 1.20 0.90 Y N N 0.10 100 Y
381 Y 1.60 0.40 Y N N 0.20 100 Y
382 Y 1.30 0.40 Y N N 0.20 100 Y
383 Y 1.70 0.30 Y N N 0.10 100 Y
384 Y 1.50 0.50 Y N N 0.10 100 Y
385 Y 1.35 0.95 Y Y * Y N/A N/A Y
386 Y 1.00 1.40 Y Y * Y N/A N/A Y
387 Y 0.70 1.40 Y N N 0.10 35 Y
388 Y 1.50 0.80 Y Y * Y N/A N/A Y
389 Y 1.50 0.80 Y Y * Y N/A N/A Y
390 Y 1.60 0.50 Y N N 0.30 100 Y
391 Y 2.30 0.15 Y Y * Y N/A N/A Y
392 Y 2.00 0.45 Y Y * Y N/A N/A Y
393 Y 2.10 0.25 Y Y * Y N/A N/A Y
394 Y 1.85 0.55 Y Y * Y N/A N/A Y
395 Y 1.60 0.70 Y Y * Y N/A N/A Y
396 Y 1.35 1.00 Y Y * Y N/A N/A Y
397 Y 1.30 0.75 Y N N 0.15 85 Y
421 Y 1.60 0.50 Y N N 0.10 100 Y
422 Y 1.40 0.35 Y N N 0.15 90 Y
423 Y 1.50 0.55 Y N N 0.10 95 Y
424 Y 1.40 0.60 Y Y * Y N/A N/A Y
425 Y 1.50 0.60 Y Y * Y N/A N/A Y
426 Y 1.60 0.30 Y Y * Y N/A N/A Y
427 Y 1.40 0.40 Y N N 0.10 40 Y
428 Y 1.50 0.60 Y Y * Y N/A N/A Y
429 Y 2.00 0.30 Y Y * Y N/A N/A Y
430 Y 1.90 0.30 Y Y * Y N/A N/A Y
364-384: Previous precip 3/23/11 * Water in Sand Chamber

368=0.3 391=1.25 424=0.4

385-423: Inspected after evening rain & 373=0.15 392=15 425=0.7

during morning drizzle 385=1.0 393=1.0 426=0.3

386=1.1 394=1.1 428=0.4

424-430: Inspected after previous evening 388=1.2 395=1.0 429=0.8

rain & after morning drizzle 389=0.75 396 =0.85 430=0.6




Kennett Pike DSF Dry Weather Observation

May 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.10 0.70 Y N N 0.10 100 Y
365 Y 1.30 0.70 Y N N 0.10 100 Y
366 Y 0.70 0.85 Y N N 0.10 100 Y
367 Y 1.30 0.40 Y N N 0.10 70 Y
368 Y 1.70 0.35 Y Y * Y N/A N/A Y
369 Y 1.30 0.30 Y N N 0.10 30 Y
370 Y 1.70 0.35 Y N N 0.10 40 Y
371 Y 1.80 0.20 Y N N 0.10 100 Y
372 Y 1.40 0.60 Y N N 0.10 100 Y
373 Y 1.40 0.60 Y N N 0.20 100 Y
374 Y 1.60 0.30 Y N N 0.10 50 Y
375 Y 1.35 0.65 Y N N 0.10 100 Y
376 Y 1.80 0.10 Y N N 0.10 30 Y
377 Y 1.75 0.30 Y N N 0.10 90 Y
378 Y 1.80 0.20 Y N N 0.10 100 Y
379 Y 1.70 0.30 Y N N 0.10 100 Y
380 Y 1.60 0.45 Y N N 0.10 100 Y
381 Y 1.70 0.30 Y N N 0.10 100 Y
382 Y 1.55 0.35 Y N N 0.10 100 Y
383 Y 1.50 0.50 Y N N 0.10 100 Y
384 Y 1.70 0.30 Y N N 0.10 100 Y
385 Y 1.50 0.45 Y N N 0.10 100 Y
386 Y 1.40 0.85 Y Y * Y N/A N/A Y
387 Y 1.10 0.65 Y N N 0.10 70 Y
388 Y 1.00 0.60 Y N N 0.10 100 Y
389 Y 1.30 0.70 Y N N 0.15 100 Y
390 Y 1.30 0.70 Y N N 0.20 100 Y
391 Y 1.80 0.25 Y N N 0.10 100 Y
392 Y 1.50 0.50 Y N N 0.10 100 Y
393 Y 1.80 0.20 Y Y* Y N/A N/A Y
394 Y 1.40 0.60 Y Y* Y N/A N/A Y
395 Y 1.30 0.70 Y N N 0.10 90 Y
396 Y 1.20 0.85 Y N N 0.15 100 Y
397 Y 1.40 0.65 Y N N 0.10 80 Y
421 Y 1.70 0.30 Y N N 0.10 90 Y
422 Y 1.40 0.20 Y N N 0.10 60 Y
423 Y 1.50 0.55 Y N N 0.10 100 Y
424 Y 1.50 0.45 Y N N 0.10 100 Y
425 Y 1.40 0.60 Y N N 0.10 100 Y
426 Y 1.60 0.30 Y N N 0.10 100 Y
427 Y 1.40 0.20 Y N N 0.10 80 Y
428 Y 1.30 0.60 Y N N 0.10 100 Y
429 Y 1.70 0.40 Y N N 0.10 100 Y
430 Y 1.90 0.35 Y Y * Y N/A N/A Y

* Water in Sand Chamber

368=0.25
386=0.9
393=0.15
394=0.3
430=0.8




Kennett Pike DSF Dry Weather Observation

June 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.20 0.60 Y N N 0.10 100 Y
365 Y 1.20 0.50 Y N N 0.10 80 Y
366 Y 0.70 0.80 Y N N 0.10 100 Y
367 Y 1.20 0.20 Y N N 0.10 70 Y
368 Y 1.70 0.30 Y N N 0.10 100 Y
369 Y 1.30 0.25 Y N N 0.10 20 Y
370 Y 1.70 0.30 Y N N 0.10 40 Y
371 Y 1.60 0.30 Y N N 0.10 70 Y
372 Y 1.30 0.60 Y N N 0.10 100 Y
373 Y 1.10 0.90 Y N N 0.10 100 Y
374 Y 1.50 0.30 Y N N 0.10 50 Y
375 Y 1.30 0.70 Y N N 0.30 100 Y
376 Y 1.80 0.10 Y N N 0.10 30 Y
377 Y 0.70 0.20 Y N N 0.10 70 Y
378 Y 0.50 0.35 Y N N 0.10 100 Y
379 Y 1.60 0.40 Y N N 0.10 100 Y
380 Y 1.50 0.50 Y N N 0.10 100 Y
381 Y 1.50 0.45 Y N N 0.10 100 Y
382 Y 1.50 0.35 Y N N 0.10 100 Y
383 Y 1.50 0.50 Y N N 0.10 100 Y
384 Y 1.60 0.40 Y N N 0.10 100 Y
385 Y 1.30 0.60 Y N N 0.10 100 Y
386 Y 1.50 0.80 Y Y * Y 0.00 0 Y
387 Y 1.00 0.90 Y N N 0.10 60 Y
388 Y 1.00 0.55 Y N N 0.10 100 Y
389 Y 1.20 0.80 Y N N 0.10 100 Y
390 Y 1.30 0.65 Y N N 0.10 100 Y
391 Y 1.70 0.30 Y N N 0.10 100 Y
392 Y 1.60 0.35 Y N N 0.10 100 Y
393 Y 1.80 0.20 Y Y* Y 0.10 100 Y
394 Y 1.40 0.55 Y N N 0.10 100 Y
395 Y 1.30 0.65 Y N N 0.10 100 Y
396 Y 1.00 0.80 Y N N 0.10 100 Y
397 Y 1.40 0.60 Y N N 0.10 80 Y
421 Y 1.60 0.40 Y N N 0.10 100 Y
422 Y 1.50 0.10 Y N N 0.10 70 Y
423 Y 1.60 0.35 Y N N 0.10 100 Y
424 Y 1.60 0.30 Y N N 0.10 100 Y
425 Y 1.40 0.55 Y N N 0.10 100 Y
426 Y 1.40 0.40 Y N N 0.10 100 Y
427 Y 1.40 0.20 Y N N 0.10 80 Y
428 Y 1.10 0.50 Y N N 0.10 100 Y
429 Y 1.70 0.35 Y N N 0.10 100 Y
430 Y 1.60 0.40 Y Y * Y 0.10 100 Y

* Water in Sand Chamber

386=1.0
393=0.3
430=0.7




Kennett Pike DSF Dry Weather Observation

July 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 0.90 0.90 Y N N 0.10 80 Y
365 Y 0.90 0.60 Y N N 0.10 40 Y
366 Y 0.60 0.80 Y N N 0.10 70 Y
367 Y 1.15 0.35 Y N N 0.10 60 Y
368 Y 1.60 0.30 Y N N 0.10 90 Y
369 Y 1.00 0.60 Y N N 0.10 50 Y
370 Y 1.40 0.50 Y N N 0.10 45 Y
371 Y 1.50 0.35 Y N N 0.10 50 Y
372 Y 1.00 0.80 Y N N 0.15 85 Y
373 Y 0.90 1.00 Y N N 0.30 90 Y
374 Y 1.20 0.40 Y N N 0.10 30 Y
375 Y 0.80 0.90 Y N N 0.20 70 Y
376 Y 1.00 0.80 Y N N 0.10 30 Y
377 Y 1.40 0.40 Y N N 0.10 60 Y
378 Y 1.20 0.40 Y N N 0.10 90 Y
379 Y 1.35 0.60 Y N N 0.10 90 Y
380 Y 1.30 0.70 Y N N 0.10 70 Y
381 Y 1.50 0.40 Y N N 0.10 70 Y
382 Y 1.10 0.50 Y N N 0.15 100 Y
383 Y 1.50 0.50 Y N N 0.10 60 Y
384 Y 1.50 0.40 Y N N 0.10 70 Y
385 Y 1.15 0.65 Y N N 0.10 90 Y
386 Y 0.90 1.30 Y Y * Y 0.40 100 Y
387 Y 1.10 0.80 Y N N 0.10 60 Y
388 Y 0.70 0.90 Y N N 0.10 90 Y
389 Y 1.20 0.80 Y N N 0.15 100 Y
390 Y 1.40 0.60 Y N N 0.20 90 Y
391 Y 1.75 0.15 Y N N 0.10 90 Y
392 Y 1.30 0.55 Y N N 0.10 95 Y
393 Y 1.50 0.30 Y N N 0.10 75 Y
394 Y 1.20 0.60 Y N N 0.10 100 Y
395 Y 0.80 0.90 Y N N 0.10 80 Y
396 Y 0.90 0.80 Y N N 0.20 100 Y
397 Y 1.20 0.70 Y N N 0.10 75 Y
421 Y 1.60 0.40 Y N N 0.10 60 Y
422 Y 1.40 0.20 Y N N 0.10 50 Y
423 Y 1.30 0.60 Y N N 0.10 60 Y
424 Y 1.50 0.40 Y N N 0.10 70 Y
425 Y 1.50 0.40 Y N N 0.10 70 Y
426 Y 1.50 0.40 Y N N 0.10 70 Y
427 Y 1.30 0.20 Y N N 0.10 40 Y
428 Y 1.10 0.50 Y N N 0.10 90 Y
429 Y 1.75 0.25 Y N N 0.10 80 Y
430 Y 1.55 0.35 Y N N 0.15 90 Y

* Water in Sand Chamber

386=0.8




Kennett Pike DSF Dry Weather Observation

August 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 N 0.00 0.00 N N N 0.15 100 Y
365 Y 0.02 0.00 Y N N 0.15 100 Y
366 N 0.00 0.00 N N N 0.15 100 Y
367 N 0.00 0.00 N N N 0.10 50 Y
368 N 0.00 0.00 N N N 0.10 100 Y
369 Y 1.55 0.00 Y N N 0.10 30 Y
370 Y 1.95 0.00 Y N N 0.10 70 Y
371 Y 1.60 0.00 Y N N 0.00 0 N
372 Y 1.90 0.00 Y N N 0.25 100 Y
373 Y 2.00 0.00 Y N N 0.00 0 N
374 Y 2.00 0.00 Y N N 0.10 70 Y
375 Y 1.80 0.00 Y N N 0.40 100 Y
376 Y 1.95 0.00 Y N N 0.10 30 Y
377 Y 1.90 0.00 Y N N 0.10 50 Y
378 Y 1.85 0.00 Y N N 0.20 100 Y
379 Y 2.00 0.00 Y N N 0.20 100 Y
380 Y 2.05 0.00 Y N N 0.10 100 Y
381 Y 2.00 0.00 Y N N 0.10 100 Y
382 Y 1.70 0.00 Y N N 0.10 100 Y
383 Y 2.00 0.00 Y N N 0.15 100 Y
384 Y 1.95 0.00 Y N N 0.10 100 Y
385 Y 1.85 0.00 Y N N 0.10 100 Y
386 Y 2.10 0.00 Y Y * Y 0.10 100 Y
387 Y 1.55 0.00 Y N N 0.10 100 Y
388 Y 1.55 0.00 Y N N 0.15 100 Y
389 Y 2.00 0.00 Y N N 0.10 100 Y
390 Y 1.95 0.00 Y N N 0.30 100 Y
391 Y 2.00 0.00 Y N N 0.10 100 Y
392 Y 2.00 0.00 Y N N 0.10 100 Y
393 Y 2.00 0.00 Y N N 0.10 100 Y
394 Y 1.70 0.00 Y N N 0.10 100 Y
395 Y 2.05 0.00 Y N N 0.20 100 Y
396 Y 2.00 0.00 Y N N 0.30 100 Y
397 Y 1.95 0.00 Y N N 0.10 60 Y
421 Y 1.95 0.00 Y N N 0.15 100 Y
422 Y 1.60 0.00 Y N N 0.10 70 Y
423 Y 1.70 0.00 Y N N 0.20 100 Y
424 Y 1.90 0.00 Y N N 0.20 100 Y
425 Y 1.90 0.00 Y N N 0.10 100 Y
426 Y 1.90 0.00 Y N N 0.10 100 Y
427 Y 1.70 0.00 Y N N 0.10 90 Y
428 Y 0.05 0.00 Y N N 0.10 100 Y
429 Y 0.05 0.00 Y N N 0.10 100 Y
430 Y 0.05 0.00 Y N N 0.15 100 Y

August 2011 WWO: DSFs had been maintained after the July 2011 DWO Inspection.

* Water in Sand Chamber

386=0.8




Kennett Pike DSF Dry Weather Observation

Se|

ptember 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.75 0.10 Y N N 0.10 100 Y
365 Y 1.60 0.10 Y N N 0.10 100 Y
366 Y 1.50 0.10 Y N N 0.10 100 Y
367 Y 1.65 0.10 Y N N 0.10 70 Y
368 Y 2.00 0.10 Y N N 0.10 100 Y
369 Y 1.55 0.10 Y N N 0.10 10 Y
370 Y 1.95 0.10 Y N N 0.10 100 Y
371 Y 1.60 0.10 Y N N 0.10 10 N
372 Y 1.90 0.10 Y N N 0.15 100 Y
373 Y 2.00 0.10 Y N N 0.10 10 N
374 Y 1.60 0.10 Y N N 0.10 80 Y
375 Y 1.90 0.10 Y N N 0.35 100 Y
376 Y 1.95 0.10 Y N N 0.10 10 Y
377 Y 1.95 0.10 Y N N 0.10 60 Y
378 Y 1.95 0.10 Y N N 0.15 100 Y
379 Y 2.00 0.10 Y N N 0.15 100 Y
380 Y 2.05 0.10 Y N N 0.10 100 Y
381 Y 2.00 0.10 Y N N 0.15 100 Y
382 Y 1.50 0.10 Y N N 0.25 100 Y
383 Y 2.00 0.10 Y N N 0.10 100 Y
384 Y 2.00 0.10 Y N N 0.15 100 Y
385 Y 2.00 0.10 Y N N 0.10 100 Y
386 Y 1.80 0.10 Y N Y 0.20 100 Y
387 Y 1.50 0.10 Y N N 0.10 100 Y
388 Y 1.55 0.10 Y N N 0.10 100 Y
389 Y 2.00 0.10 Y N N 0.10 100 Y
390 Y 2.00 0.10 Y N N 0.30 100 Y
391 Y 1.95 0.10 Y N N 0.10 100 Y
392 Y 2.00 0.10 Y N N 0.10 100 Y
393 Y 1.75 0.10 Y N N 0.10 100 Y
394 Y 1.75 0.10 Y N N 0.10 100 Y
395 Y 2.05 0.10 Y N N 0.30 100 Y
396 Y 1.55 0.10 Y N N 0.30 100 Y
397 Y 2.00 0.10 Y N N 0.10 80 Y
421 Y 1.95 0.10 Y N N 0.10 100 Y
422 Y 1.65 0.10 Y N N 0.10 80 Y
423 Y 1.70 0.10 Y N N 0.10 100 Y
424 Y 1.90 0.10 Y N N 0.10 100 Y
425 Y 1.95 0.10 Y N N 0.10 100 Y
426 Y 1.90 0.10 Y N N 0.10 100 Y
427 Y 1.80 0.10 Y N N 0.10 100 Y
428 Y 1.75 0.10 Y N N 0.10 100 Y
429 Y 1.90 0.10 Y N N 0.10 100 Y
430 Y 1.45 0.10 Y N N 0.10 100 Y

August 2011 WWO: DSFs had been maintained after the July 2011 DWO Inspection.




Kennett Pike DSF Dry Weather Observation
October 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.70 0.10 Y N N 0.10 50 N
365 Y 1.60 0.10 Y N N 0.10 90 N
366 Y 1.50 0.10 Y N N 0.10 100 N
367 Y 1.40 0.10 Y N N 0.10 70 N
368 Y 1.70 0.10 N N N 0.10 100 N
369 Y 1.60 0.10 Y N N 0.10 100 N
370 Y 1.50 0.10 Y N N 0.10 100 N
371 Y 1.60 0.10 Y N N 0.10 30 N
372 Y 1.80 0.10 Y N N 0.10 50 N
373 Y 2.00 0.00 Y N N 0.10 100 Y
374 Y 1.60 0.00 Y N N 0.00 90 Y
375 Y 1.90 0.00 Y N N 0.30 100 Y
376 Y 2.00 0.00 Y N N 0.00 20 Y
377 Y 2.00 0.00 Y N N 0.00 50 Y
378 Y 1.80 0.10 Y N N 0.10 100 Y
379 Y 2.00 0.00 Y N N 0.10 100 Y
380 Y 2.05 0.00 Y N N 0.00 100 Y
381 Y 1.90 0.00 Y N N 0.00 100 Y
382 Y 1.50 0.00 Y N N 0.15 100 Y
383 Y 2.00 0.00 Y N N 0.10 100 Y
384 Y 2.00 0.00 Y N N 0.00 100 Y
385 Y 2.00 0.00 Y N N 0.10 100 Y
386 Y 1.80 0.00 Y N N 0.30 100 Y
387 Y 1.50 0.00 Y N N 0.10 100 Y
388 Y 1.50 0.00 Y N N 0.00 100 Y
389 Y 2.00 0.00 Y N N 0.10 100 Y
390 Y 2.00 0.00 Y N N 0.10 100 Y
391 Y 2.00 0.00 Y N N 0.00 100 Y
392 Y 2.00 0.00 Y N N 0.00 100 Y
393 Y 1.80 0.00 Y N N 0.10 100 Y
394 Y 2.00 0.00 Y N N 0.10 100 Y
395 Y 2.00 0.00 Y N N 0.00 100 Y
396 Y 1.85 0.00 Y N N 0.20 100 Y
397 Y 2.10 0.00 Y N N 0.00 50 Y
421 Y 2.05 0.00 Y N N 0.00 100 Y
422 Y 1.60 0.00 Y N N 0.00 50 Y
423 Y 1.90 0.00 Y N N 0.00 100 Y
424 Y 1.90 0.00 Y N N 0.00 100 Y
425 Y 1.85 0.10 Y N N 0.00 70 Y
426 Y 1.90 0.00 Y N N 0.10 100 Y
427 Y 1.55 0.00 Y N N 0.00 100 Y
428 Y 1.75 0.00 Y N N 0.00 100 Y
429 Y 1.90 0.00 Y N N 0.10 100 Y
430 Y 1.40 0.00 Y N N 0.15 100 Y

August 2011 WWO: DSFs had been maintained after the July 2011 DWO Inspection.




Kennett Pike DSF Dry Weather Observation

November 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.70 0.10 Y N N 0.10 100 Y
365 Y 1.60 0.10 Y N N 0.10 100 Y
366 Y 1.50 0.10 Y N N 0.10 100 Y
367 Y 1.40 0.10 Y N N 0.10 100 Y
368 Y 1.60 0.10 Y N N 0.10 100 Y
369 Y 1.50 0.10 Y N N 0.00 10 Y
370 Y 1.80 0.10 Y N N 0.10 100 Y
371 Y 1.60 0.10 Y N N 0.10 50 Y
372 Y 1.70 0.10 Y N N 0.10 100 Y
373 Y 1.90 0.10 Y N N 0.10 100 Y
374 Y 1.60 0.10 Y N N 0.10 100 Y
375 Y 1.80 0.10 Y N N 0.40 100 Y
376 Y 1.80 0.10 Y N N 0.10 50 Y
377 Y 1.90 0.10 Y N N 0.20 100 Y
378 Y 1.70 0.10 Y N N 0.10 100 Y
379 Y 1.90 0.10 Y N N 0.10 100 Y
380 Y 1.90 0.10 Y N N 0.10 100 Y
381 Y 1.80 0.10 Y N N 0.10 100 Y
382 Y 1.50 0.10 Y N N 0.10 100 Y
383 Y 1.90 0.10 Y N N 0.10 100 Y
384 Y 1.80 0.10 Y N N 0.10 100 Y
385 Y 1.80 0.10 Y N N 0.10 100 Y
386 Y 1.80 0.10 Y N N 0.30 100 Y
387 Y 1.30 0.20 Y N N 0.10 100 Y
388 Y 1.50 0.10 Y N N 0.10 100 Y
389 Y 1.90 0.10 Y N N 0.10 100 Y
390 Y 1.80 0.10 Y N N 0.20 100 Y
391 Y 1.90 0.10 Y N N 0.10 100 Y
392 Y 1.90 0.10 Y N N 0.10 100 Y
393 Y 1.80 0.10 Y N N 0.10 100 Y
394 Y 1.90 0.10 Y N N 0.10 100 Y
395 Y 1.90 0.10 Y N N 0.10 100 Y
396 Y 1.90 0.10 Y N N 0.20 100 Y
397 Y 2.00 0.10 Y N N 0.10 70 Y
421 Y 2.00 0.10 Y N N 0.30 100 Y
422 Y 1.60 0.10 Y N N 0.10 70 Y
423 Y 1.80 0.10 Y N N 0.10 100 Y
424 Y 1.90 0.10 Y N N 0.10 100 Y
425 Y 1.90 0.10 Y N N 0.10 100 Y
426 Y 1.90 0.10 Y N N 0.10 100 Y
427 Y 1.50 0.10 Y N N 0.10 100 Y
428 Y 1.60 0.10 Y N N 0.10 100 Y
429 Y 1.90 0.10 Y N N 0.10 100 Y
430 Y 1.50 0.10 Y N N 0.10 100 Y

August 2011 WWO: DSFs had been maintained after the July 2011 DWO Inspection.




Kennett Pike DSF Dry Weather Observation

December 2011

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sed. Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

Sand Chamber

BMP # Water Present Water Depth | Sediment Depth Oil or Grease | Water Present | Clogging Evidence Debris Depth | Debris Coverage Oil or Grease
(ft) (ft) (ft) (%)
364 Y 1.70 0.10 Y N N 0.10 100 Y
365 Y 1.80 0.10 Y N N 0.10 100 Y
366 Y 1.20 0.20 Y N N 0.10 100 Y
367 Y 1.50 0.10 Y N N 0.10 100 Y
368 Y 1.90 0.10 Y N N 0.10 100 Y
369 Y 1.50 0.10 Y N N 0.10 100 Y
370 Y 1.90 0.10 Y N N 0.10 100 Y
371 Y 1.60 0.10 Y N N 0.10 100 Y
372 Y 1.70 0.10 Y N N 0.10 100 Y
373 Y 1.50 0.30 Y N N 0.10 100 Y
374 Y 2.00 0.10 Y N N 0.10 100 Y
375 Y 1.60 0.20 Y N N 0.10 100 Y
376 Y 1.90 0.10 Y N N 0.10 20 Y
377 Y 1.70 0.10 Y N N 0.10 100 Y
378 Y 1.80 0.10 Y N N 0.10 100 Y
379 Y 1.80 0.10 Y N N 0.10 100 Y
380 Y 2.00 0.10 Y N N 0.10 100 Y
381 Y 1.70 0.10 Y N N 0.10 100 Y
382 Y 1.60 0.10 Y N N 0.10 100 Y
383 Y 1.70 0.10 Y N N 0.10 100 Y
384 Y 1.80 0.10 Y N N 0.10 100 Y
385 Y 1.90 0.10 Y N N 0.10 100 Y
386 Y 2.00 1.50 Y Y Y 0.20 100 Y
387 Y 1.50 0.10 Y N N 0.10 100 Y
388 Y 1.60 0.10 Y N N 0.10 100 Y
389 Y 2.00 0.20 Y N N 0.10 100 Y
390 Y 2.00 0.10 Y N N 0.10 100 Y
391 Y 2.00 0.10 Y N N 0.10 100 Y
392 Y 1.90 0.10 Y N N 0.10 100 Y
393 Y 1.80 0.10 Y N N 0.10 100 Y
394 Y 1.90 0.10 Y N N 0.10 100 Y
395 Y 2.00 0.10 Y N N 0.10 100 Y
396 Y 1.80 0.10 Y N N 0.20 100 Y
397 Y 2.00 0.30 Y N N 0.10 100 Y
421 Y 2.00 0.20 Y N N 0.20 100 Y
422 Y 1.60 0.10 Y N N 0.10 50 Y
423 Y 2.00 0.10 Y N N 0.10 100 Y
424 Y 1.90 0.10 Y N N 0.10 100 Y
425 Y 1.90 0.30 Y N N 0.10 100 Y
426 Y 1.90 0.10 Y N N 0.10 100 Y
427 Y 1.60 0.10 Y N N 0.10 100 Y
428 Y 1.60 0.10 Y N N 0.10 100 Y
429 Y 1.90 0.10 Y N N 0.10 100 Y
430 Y 1.50 0.10 Y N N 0.30 100 Y

August 2011 WWO: DSFs had been maintained after the July 2011 DWO Inspection.







Kennett Pike DSF WET Weather Observation

April 2011
BMP # Sed. Chamber Sed. Chamber Water | Sed. Chamber Oil or | Sand Chamber Water Sand Chamber Sand Chamber Oil or
Water Present Depth (ft) Grease Present Clogging Evidence Grease
364 Y 0.70 Y N N Y
365 Y 0.90 Y N N Y
366 Y 0.70 Y N N Y
367 Y 1.30 Y N N Y
368 Y 1.70 Y Y Y Y
369 Y 1.00 Y N N Y
370 Y 1.65 Y N N Y
371 Y 1.70 Y N N Y
372 Y 1.35 Y N N Y
373 Y 1.20 Y N N Y
374 Y 2.00 Y N N Y
375 Y 1.20 Y N N Y
376 Y 1.95 Y N N Y
377 Y 1.80 Y N N Y
378 Y 1.80 Y N N Y
379 Y 1.75 Y N N Y
380 Y 1.80 Y N N Y
381 Y 1.80 Y N N Y
382 Y 1.70 Y N N Y
383 Y 1.50 Y N N Y
384 Y 1.30 Y N N Y
385 Y 1.50 Y N N Y
386 Y 1.20 Y Y Y Y
387 Y 0.30 Y N N Y
388 Y 1.00 Y Y Y Y
389 Y 1.30 Y N N Y
390 Y 0.60 Y N N Y
391 Y 1.90 Y N N Y
392 Y 1.90 Y Y Y Y
393 Y 1.95 Y Y Y Y
394 Y 1.50 Y Y Y Y
395 Y 1.30 Y N N Y
396 Y 1.30 Y Y Y Y
397 Y 1.10 Y N N Y
421 Y 1.80 Y N N Y
422 Y 1.50 Y N N Y
423 Y 1.50 Y N N Y
424 Y 1.50 Y N N Y
425 Y 1.20 Y Y Y Y
426 Y 1.50 Y N N Y
427 Y 1.50 Y N N Y
428 Y 1.60 Y N N Y
429 Y 1.50 Y Y Y Y
430 Y 1.50 Y N N Y

Water in Sand Chamber

368=0.8'
386=0.9'
388=0.3'
392 =1.05'
393=0.8'
394=0.8'

396 =0.85'
425=0.3'
429=0.2'




Kennett Pike DSF WET Weather Observation

September 2011
BMP # Sed. Chamber Sed. Chamber Water | Sed. Chamber Oil or | Sand Chamber Water Sand Chamber Sand Chamber Oil or
Water Present Depth (ft) Grease Present Clogging Evidence Grease
364 Y 2.00 Y Y Y Y
365 Y 2.00 Y N N Y
366 Y 1.55 Y N N Y
367 Y 1.75 Y N N Y
368 Y 2.05 Y Y Y Y
369 Y 1.60 Y N N Y
370 Y 2.00 Y N N Y
371 Y 2.00 Y N N Y
372 Y 2.00 Y N N Y
373 Y 2.05 Y Y N Y
374 Y 2.05 Y N N Y
375 Y 2.00 Y N N Y
376 Y 2.00 Y N N Y
377 Y 2.00 Y N N Y
378 Y 2.05 Y N N Y
379 Y 2.05 Y N N Y
380 Y 2.05 Y N N Y
381 Y 2.05 Y N N Y
382 Y 1.95 Y N N Y
383 Y 2.00 Y N N Y
384 Y 2.00 Y Y N Y
385 Y 2.00 Y N N Y
386 Y 2.35 Y Y Y Y
387 Y 1.85 Y N N Y
388 Y 1.80 Y Y Y Y
389 Y 2.05 Y Y N Y
390 Y 2.00 Y N N Y
391 Y 2.05 Y N N Y
392 Y 2.00 Y Y N Y
393 Y 1.95 Y Y N Y
394 Y 2.05 Y N N Y
395 Y 2.05 Y N N Y
396 Y 1.95 Y N N Y
397 Y 2.10 Y N N Y
421 Y 2.10 Y N N Y
422 Y 1.95 Y N N Y
423 Y 2.00 Y N N Y
424 Y 2.05 Y Y N Y
425 Y 2.00 Y N N Y
426 Y 1.95 Y N N Y
427 Y 2.00 Y N N Y
428 Y 2.00 Y N N Y
429 Y 1.90 Y N N Y
430 Y 1.80 Y N N Y

Water in Sand Chamber

364=0.5'
368 =0.6'
373=0.25'
384 =0.25'
386=1.0'
388=0.7'

389=0.2'
392=0.1'
393=0.2"
424=04"




Appendix H. KCI Technologies sand filter study, 2006 to 2011 summary report.



DELDOT AGREEMENT 1495
WATER QUALITY MONITORING

DELAWARE SAND FILTER STUDY
SUMMARY REPORT: 2006-2011

As part of the Delaware Department of Transportation’s National Pollutant Discharge
Elimination System General Permit Program Regulations Governing Stormwater Discharge, KCI
Technologies Inc. was contracted to evaluate the functionality of the stormwater management
(SWM) device known as the Delaware Sand Filter (DSF). This was the sixth and final year of
the study. A history of the DSF Study is described below.

A. PROJECT HISTORY

The 2006 DSF Study Annual Report summarized the process of identifying DSFs (listed below)
to be included in the study. These DSFs were determined to be representative of a variety of
typical land use settings (roadways, transit facilities and park-and-ride lots) and different sand
chamber designs. A fourth DSF, located at the Chapman Maintenance Yard, was added to the
study in Summer 2008, when it was constructed as part of a BMP treatment train for a truck
wash area. This DSF was suspended from study in 2009 (Refer to the 2009 DSF Study Annual
Report for additional information). The fifth DSF, located at Kennett Pike, was added to the
study in 2010. Near the end of 2011, DelDOT and KCI decided to complete the DSF Study, as
the study goals (i.e., determine maintenance recommendations) had been formulated for each of
the DSFs. The wet weather sampling will continue at BMP 72 on Lancaster Pike, as the
performance of this DSF is an indicator of maintenance needs for the long series of DSFs along
Lancaster Pike. In addition, KCI plans to use the sampling test results to calculate potential
pollutant load reductions from this DSF. KCI will continue to perform periodic inspections of
DelDOT’s DSFs to ensure recommendations from this study remain valid.

» Chapman Maintenance Yard DSF (Stormceptor/DSF Treatment Train)
e Treats Truck Wash Wastewater at DelDOT Maintenance Yard
e Eliminated from Study in 2009

» Lancaster Pike DSF (BMP 72)
e Treats Roadway Runoff
e Stone/Sand/Geotextile Sand Chamber Design

> Route 273 / Route 7 Park-and-Ride Lot DSF (BMP 46)
e Treats Park and Ride Parking Lot Runoff
e Stone/Sand/Geotextile Sand Chamber Design

» Wilmington Delaware Transit Corporation (DTC) Bus Facility DSF
e Treats Commercial Vehicle Parking Lot Runoff
e Sand/Geotextile/Stone Sand Chamber Design

» Kennett Pike DSF (BMPs 364-430)
e Treats Roadway Runoff
e Uses Stone/Sand/Geotextile Sand Chamber Design



DELDOT AGREEMENT 1495 DELAWARE SAND FILTER STUDY
WATER QUALITY MONITORING SUMMARY REPORT: 2006-2011

The 2007 DSF Study Annual Report summarized the following:

» Initial DSF Full Maintenance/Cleaning

» Dry and Wet Weather Field Observation Methodology
» Dry and Wet Weather Field Observations

» Lancaster Pike DSF Sand Analysis Results

» Initial DSF Maintenance Recommendations.

The 2008 DSF Study Annual Report summarized the following:

» Dry and Wet Weather Field Observations
» Wilmington DTC DSF Sand Analyses

» DSF Study Methodologies Review

» Initial Maintenance Recommendations.

The 2009 DSF Study Annual Report summarized the following:

» Dry and Wet Weather Field Observations

» Lancaster Pike DSF and Wilmington DTC DSF Sand Analyses
» Wilmington DTC DSF Automated Wet Weather Monitoring

» Statewide Delaware Sand Filter Maintenance Recommendations
» Lancaster Pike DSF Detailed Maintenance Schedule.

The 2010 DSF Study Annual Report summarized the following:

Dry and Wet Weather Field Observations

Commenced Kennett Pike DSF DWO

Commenced WWO Water Quality Field Testing of DSF Inflow and Outflow

Continued Automated WWM at Wilmington DTC DSF

Installed Automated WWM at Lancaster Pike DSF

Submitted a Preliminary Alternate Sand Chamber Media Design for the Wilmington
DTC DSF in October 2010.

YVVVVYVYY

In Year 6 (2011), KCI conducted the following:

Dry and Wet Weather Field Observations

Kennett Pike DSF DWO

WWO Water Quality Field Testing of DSF Inflow and Outflow
Automated WWM at Wilmington DTC DSF

Automated WWM at Lancaster Pike DSF

YVVYYVYYV

The methodology for conducting DSF Dry Weather Observations (DWO), Wet Weather
Observations (WWO), WWO Water Quality Field Testing and Automated Wet Weather
Monitoring (WWM) is described in the 2011 DSF Study Annual Report.

B. DSF STUDY RESULTS — CONCLUSIONS - NEXT STEPS

Although the formal DSF Study was finalized at the end of 2011, there are long-term activities
that KCI will continue to perform at the DSFs in 2012 and beyond.



DELDOT AGREEMENT 1495 DELAWARE SAND FILTER STUDY
WATER QUALITY MONITORING SUMMARY REPORT: 2006-2011

Chapman Maintenance Yard DSF

The DSF at the Chapman Maintenance Yard is
connected downstream of the Stormceptor unit,
providing treatment of wastewater (in contrast to
stormwater for other DSFs) for DelDOT’s truck
wash pad after it is treated by the Stormceptor. The
sand chamber design is unique. It consists of sand at
the top and #57 stone at the bottom, with geotextile
separating the sand and stone. In addition, the
outflow is through two pipes rather than one single

perforated pipe.

Location: Chapman Maintenance Yard

Treatment Area: Truck Washing Activities

Results: Due to frequent clogging during truck wash operations; this DSF was
eliminated from the DSF Study in 2010.

Conclusions: The lesson learned is that a DSF is not a good BMP to treat truck washing
activities, which produce large amounts of heavy sediment-laden water.

Next Steps: There will be no further activities at this DSF in the future.
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Lancaster Pike DSF (BMPs 52, 54-73)

Located in Wilmington, this DSF consists of a
series of separate DSFs treating roadway runoff
along Lancaster Pike, only one of which, BMP 72,
is studied in detail.
vertical curves (with BMPs 72, 73, 52 and 54
located at the highest elevations and receiving the
first runoff), and is predominantly surrounded by
residential land use. Of these four DSFs, BMP 72
receives the highest volume of runoff. See the
aerial for the location and setting of this DSF.

Location:
Treatment Area:
Results:

Conclusions:

Maintenance:

Next Steps:

Lancaster Pike has multiple

Lancaster Pike

Roadway Stormwater Runoff.

The DSFs on Lancaster Pike are located on a stretch of roadway, such that
BMP 72 is at the top of slope and is the first to receive runoff. Since the
DSF study began, the DSFs located at the top of slope (i.e., 72, 73, 52 and
54) have shown signs of the earliest maintenance needs, compared to those

located further down slope.
KCI has observed a build-up
of leaf litter and organic
debris in the sediment and
sand chambers of BMP 72.
This is due to the large
amount of deciduous
vegetation in the surrounding
residential area, which
deposits leaf litter/organic
debris into the roadway
ultimately accumulating in

the DSF.

KCI believes more frequent maintenance at BMP 72 will increase the
performance of all Lancaster Pike DSFs. The water quality analyses will
be useful to verify that minimal maintenance is needed to keep these
residential filters functioning, in terms of water quality treatment, as
opposed to the Wilmington DTC DSF, which represents the worst-case
scenario in terms of contaminant load and maintenance needs.

DelDOT completed the DSF maintenance in 2011, according to
recommendations as described in the 2009 Annual BMP Report.

KCI will continue to perform WWM at BMP 72, which acts as an
indicator for maintenance. The results of the WWM will also be used
to calculate potential pollutant load reductions. Once a maintenance
frequency has been determined and an appropriate number of WWM
Events have been performed to develop pollutant loads, KCI will
discontinue WWM.
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Route 273/7 Park & Ride (BMP 46)

This DSF consists of a long, single set of
sedimentation and sand chambers. The sand
chamber design consists of two inches of #57
stone placed on top of 18 inches of sand, with a
single perforated effluent pipe wrapped with
geotextile fabric. The drainage area consists of
a large relatively flat paved parking area used as
a park-and-ride bus stop at the intersection of
Route 273 and Route 7 in Bear, Delaware. Cars
and trucks are routinely parked in the area.
There is also a public recycling center within
the park-and-ride lot. The Route 273/7 Park-
and-Ride Lot was last maintained in Spring
2007, in preparation for this DSF Study. See

the aerial for the location and setting of this DSF.

DELAWARE SAND FILTER STUDY
SUMMARY REPORT: 2006-2011

Location: Route 273 / Route 7 Park and Ride Lot
Treatment Area: Commuter Vehicle Parking Lot Stormwater Runoff.
Results: A black coating on the gravel in the sand chamber was observed

throughout the DSF Study; however, KCI has not observed any major
performance issues concerning this DSF throughout the DSF Study.

Conclusions: This DSF is not subject to a large amount of sediment-laden pollutants.

Maintenance: No maintenance has been performed since the initiation of the DSF Study
in 2006.

Next Steps: KCI will continue to perform DWO and WWO on a bi-yearly basis (1

between January-June; 1 between July-December) starting in 2012,
until it is determined that the BMP needs to be maintained. This will
provide DelDOT with an approximate maintenance frequency for this

DSF.
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Wilmington DTC DSF

This DSF consists of a series of chambers
connected with overflow openings. The
surrounding area is commercial land use, which
is entirely paved and sloped at the Wilmington
Delaware Transit Corporation (DTC) facility
on Monroe Street. The DTC parking facility is
used for parking mass transit buses, and has
daily bus traffic. The sand chamber design
consists of 12 inches of sand over six inches of
#57 stone, with geotextile between the sand and
stone. The perforated outflow pipe lies in the
stone layer. See the aerial for the location and
setting of this DSF.

DELAWARE SAND FILTER STUDY
SUMMARY REPORT: 2006-2011

Location: Wilmington DTC
Treatment Area: Roadway Stormwater Runoff.
Results: In 2009 and 2010, DWO and WWO indicated a black residue containing

oily waste accumulating on the top layer of sand. This black residue clogs
the top of the sand, which impedes the water flow through the sand media.

Conclusions: KCI has learned that DSFs treating parking areas for Diesel Transit
Vehicles need frequent maintenance, as the top layer of the sand chamber
becomes clogged with fine particulate matter.

Maintenance: The DTC has a contractor that routinely monitors the DSF condition. KCI
has observed that the DSF is being maintained at an appropriate
frequency.

Next Steps: There will be no further activities at this DSF in the future.
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Kennett Pike DSF (BMPs 364-430)

The Kennett Pike DSFs were not included in the
initial DSF Study because it was assumed that
the Lancaster Pike DSFs would be an adequate
indicator of maintenance requirements for the
Kennett Pike DSFs, since both include a long
series of DSFs that treat roadway runoff.
Whereas Lancaster Pike has a distinct vertical
alignment that places several DSFs at the top of
the DSF series, the Kennett Pike DSFs tend to
individually treat runoff along the roadway,
which has an undulating vertical alignment.
The Kennett Pike DSFs were added to the DSF
Study in 2010. See the aerial for the location
and setting of this DSF.

Location: Kennett Pike

DELAWARE SAND FILTER STUDY
SUMMARY REPORT: 2006-2011

Treatment Area:

Results:

Conclusions:

Maintenance:

Next Steps:

Roadway Stormwater Runoff.

In 2010, KCI noted no significant increase in debris depth in the sand
chamber for the majority of sand filters. A heavy thick black residue was
observed accumulating on the stone in the sand chambers; however it does
not seem to be affecting the functionality of the sand filters. There were
no other potential maintenance issues identified by the DWO field crew.

KCI has yet to develop specific conclusions related to the Kennett Pike
DSFs.

DelDOT completed the maintenance of this DSF in 2011, according to
recommendations as described in the 2009 Annual BMP Report.

KCI will continue to perform DWO and WWO at this BMP on a bi-
yearly basis (1 between January-June; 1 between July-December)
starting in 2012, until it is determined when the BMP needs to be
maintained. This will provide DelDOT with an approximate maintenance
frequency for this DSF.

10
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Appendix I. KCI Technologies Green Technology BMP Study, 2011 Annual Report.
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During dry periods between storm events, the base flow that occurs through the bioswale is
monitored and recorded, applying the same methods utilized during storm events. Field crews
visit the site approximately once a week to download the recorded base flow data. While on site,
crews inspect the site and equipment for any potential issues and confirm the equipment is
properly calibrated. If the water level and flow readings are not representative of the true
conditions, the equipment is re-calibrated. The base flow data is then uploaded using the
FlowLink software. Weekly base flow graphs and reports are generated documenting any issues
or equipment down time that may have occurred during each weekly monitoring period.

The following information is recorded on the BMP 104 IN and OUT field data sheets:

e Time: Determined from FlowLink
e Flow: Determined from FlowLink
e Volume: Determined from FlowLink
e Total Precipitation Determined from FlowLink
e Air Temperature: Measured during retrieval of samples
e Water Temperature: Measured during retrieval of samples
e pH: Measured during retrieval of samples
e Turbidity: Measured during retrieval of samples

The samples are analyzed for the following parameters by Atlantic Coast Laboratory:

e Total Suspended Solids (TSS)
e Total Dissolved Solids (TDS)
e Chemical Oxygen Demand (COD)
¢ Biological Oxygen Demand (BOD)

e Chloride
e Oil & Grease (O & G)
° pH

e Total Kjeldahl Nitrogen (TKN)
e Ammonia

e Total Phosphorus

¢ Dissolved Phosphorus

e Ortho-Phosphate

e Total Cadmium

e Total Copper

e Total Lead

e Total Zinc
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3. WWM Event History

WWM Event Memorandums, FlowLink Graphs, Field Data Sheets, and Laboratory Data for
each sampling event are located in the Project’s Technical Files. Six WWM Events were
conducted at BMP 104 on the following dates in 2011:

e August 25 Test Run - Incomplete flow data

e September 23 Test Run - Incomplete flow data

e November 16 Successful Automated Event at IN/OUT

e November 20 Successful Automated Event at IN/OUT

e December 6 Successful Automated Event at IN/OUT

e December 27 Successful Automated Event at IN (equipment malfunction OUT)

There were four False Starts at BMP 104 on the following dates in 2011:

e October 12
e October 19
¢ November 29

e December 23

4. WWM Laboratory Data and Statistical Results

The 2011 WWM data and statistical results are located in Appendix A. WWM Event-specific
laboratory data for all parameters at each sample site is located in Appendix A, Tables 1A-B.
The Mean and Standard Deviation Summary Table is located in Appendix A, Table 2.

5. BMP Efficiency Evaluation

The performance of BMP 104 was evaluated based on the successful automated WWM Events
through the use of Efficiency Ratios (ER) and Efficiency of Individual Storm Load calculations.
Of the five successful WWM Events, only three were suitable for performing Individual Storm
Load calculations. Therefore, an in-depth statistical analysis was not feasible due to the limited
number of sample points.

Issues that contributed to the limited number of 2011 successful WWM Events included the
following:

e Retrofit of BMP 104 for automated sampling was more time consuming then planned.
¢ First two WWM Events were used to adjust placement and calibration of equipment
e Equipment malfunction at IN prevented 12/27/11 WWM Event sample collection.

¢ Sediment/debris accumulation leading to erroneous readings
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The individual storm event Storm Loads and Event Mean Concentrations (EMC) at the IN and
OUT were calculated for certain parameters and are provided in Appendix B, Table 3. A
summary of the Pollutant Removal Efficiency Ratios based on the IN and OUT EMC for certain
parameters is provided in Appendix B, Table 4. The Sum of Loads Efficiency for certain
parameters is provided in Appendix B, Table 5.

» Nine of the 16 parameters were included in the BMP Efficiency Evaluation:

e Total Suspended Solids
e Total Dissolved Solids
e Chloride

e Total Kjeldahl Nitrogen
e Total Phosphorus

e Dissolved Phosphorus

e Ortho-Phosphate

e Total Copper

e Total Zinc

» Ammonia, Total Cadmium, Total Lead, and Oil & Grease: All levels were below
Reporting Limit.

» Chemical Oxygen Demand, Biological Oxygen Demand and pH: The analysis was not
applicable; therefore they were not evaluated.

The results of the analysis appear to show a significant Load Reduction in Total Suspended
Solids, Total Kjeldahl Nitrogen, Total Copper and Total Zinc, while minor or even a negative
Load Reduction are shown for Total Dissolved Solids, Chloride, Total Phosphorus, Dissolved
Phosphorus and Ortho-Phosphate.

Although it appears BMP 104 is effective for some parameters, it cannot be concluded that the
Load Reduction values shown in Appendix B, Table 5 are an accurate evaluation for BMP 104,
due to possible influence of the sampling methodology during the 2011 monitoring period. The
sampling methodology for 2011 and previous years included collecting a first flush and initial
composite then collecting a sample thereafter every 20 minutes for three hours. This presents 2
potential issues: (1) A storm event lasting longer than three hours or (2) A storm event duration
much shorter than three hours; which in either case the essence of the storm is not sampled.
Therefore, the EMCs and Load calculations are not truly representative of the actual storm event.

To improve upon the analysis for the effectiveness of BMP 104 in 2012, KCI is altering the
sampling methodology from the current time-weighted sampling to flow-weighted sampling.
This should result in two enhancements:

1 A more representative EMC, and,

2) Increase the number of successful events.
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The flow-weighted sampling method consists of the Isco 6712 sampler collecting a discrete
amount of sample into one sample jar each time a pre-determined volume of water passes
through the system for the duration of a storm event. Therefore, the EMC provided by ACL for
each parameter will be representative of the whole storm event.

In addition, there will only be one composited sample to collect, thereby reducing the amount of
time required to collect the sample and deliver it to ACL, which should increase the amount of
obtainable sampled storm events. As a result of these two enhancements, a full year worth of
accurate base flow and complete storm flow data will be available to perform more precise
Storm Load calculations and provide a more meaningful statistical analysis of the 2012
monitoring period.

6. Box and Whisker Plots

The laboratory data collected in 2011 was also organized into Box and Whisker Plots (Appendix
C). In descriptive statistics, a Box and Whisker Plot is a convenient way to graphically depict
groups of numerical data through their five-number summaries (the smallest observation, lower
quartile (Q1), median (Q2), upper quartile (Q3), and largest observation). These plots are useful
to display differences between populations without making any assumptions of the underlying
statistical distribution. The spacings between the different parts of the box help to indicate the
degree of dispersion (spread) and skewness in the data, and to identify outliers.
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APPENDIX A
BIOSWALE 104 STUDY

WWM LABORATORY DATA & STATISTICAL SUMMARY

» Table 1A — Bioswale 104 IN WWM Laboratory Data
» Table 1B — Bioswale 104 OUT WWM Laboratory Data

> Table 2 —Bioswale 104 WWM Mean and Standard Deviation



TABLE 1A
WWM LABORATORY RESULTS

BIOSWALE 104 IN

PARAMETER Units FF08/25/1(;OMP FF09/23/1(;OMP FF11/16/1(;OMP FF11/20/1(;OMP FF12/06/1(;OMP F;2/2|7/(;(1)MP
TOTAL SUSPENDED SOLIDS mg/L 10.4 10 14.0 8 212.0 33.8 72.0 16.8 94.0 32.6
TOTAL DISSOLVED SOLIDS mg/L 87 107 49 53 510 315 150 112 119 147
CHEMICAL OXYGEN DEMAND mg/L 25 32 41 34 1108 133 114 76 62 41
BIOLOGICAL OXYGEN DEMAND mg/L <4 5 <4 6 29.3 9.0 29.9 10.0 13.1 <4
CHLORIDE mg/L 7.63 10.70 3.58 4.29 108.00 66.20 39.70 28.40 16.10 23.60
OIL & GREASE mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
pH units 7.16 7.27 6.85 7.01 6.76 6.95 8.83 6.92 7.14 7.33
TOTAL KJELDAHL NITROGEN | mg/L as N 1.64 1.25 1.21 0.67 5.99 1.51 1.54 1.83 2.29 5.41
AMMONIA mg/L as N 0.27 <0.2 <0.2 <0.2 0.38 <0.2 <0.2 <0.2 <0.2 <0.2
TOTAL PHOSPHORUS mg/L as P 0.25 0.23 0.27 0.17 0.96 0.40 0.37 0.30 0.45 0.14
DISSOLVED PHOSPHORUS mg/L as P 0.20 0.19 0.16 0.13 0.23 0.26 0.22 0.18 0.05 0.05
ORTHO-PHOSPHATE mg/L 0.16 0.15 0.13 0.12 0.19 0.22 0.22 0.16 0.05 0.05
TOTAL CADMIUM mg/L <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 NO IN DATA
TOTAL COPPER mg/L 0.009 0.012 0.016 0.007 0.055 0.016 0.021 0.012 0.038 0.015
TOTAL LEAD mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.013 <0.01
TOTAL ZINC mg/L 0.018 0.026 0.028 0.017 0.170 0.038 0.043 0.021 0.146 0.039
FIELD TURBIDITY:
FF/C1 NTU 15.54 15.54 23.98 23.98 38.90 38.90 37.06 37.06 94.89 94.89
c2 NTU 11.82 15.98 65.73 17.05 46.61
c3 NTU 10.01 17.51 21.04 12.76 33.74
c4 NTU 8.85 9.51 13.45 9.14 21.76
c5 NTU 7.22 17.06 8.09 7.56 13.88
cé6 NTU 5.54 14.92 8.24 6.00 8.51
c7 NTU 4.63 32.89 9.79 5.54 5.83
cs8 NTU 45.85 14.55 8.13 5.70 3.70
c9 NTU 27.79 5.29 12.16 6.41 5.46

11/16/11: BOD FF & COMP - Laboratory Control sample outside acceptance criteria - biased low.
11/20/11: BOD FF & COMP - Analyte detected in laboratory blank. Result may be biased high.




TABLE 1B
WWM LABORATORY RESULTS

BIOSWALE 104 OUT

PARAMETER Units FFOSIZSIEOMP FF09123I1(;OMP FFﬁ“G“(;OMP FFHIZOH(;OMP FF12/06/1(;OMP FF12/06/1(;OMP
TOTAL SUSPENDED SOLIDS mg/L 8 10 54.0 14.8 296 12.8 9.0 8.0 20.8 8.0 39.7 62.0
TOTAL DISSOLVED SOLIDS mg/L 124 136 65 76 370 299 202 133 176 123 226 67
CHEMICAL OXYGEN DEMAND mg/L 28 19 43 36 402 27 490 457 29 15 32 21
BIOLOGICAL OXYGEN DEMAND mg/L 6 6 34 16.9 <4 7 9.0 7.0 <4 <4 5.0 <4
CHLORIDE mg/L 8.95 9.72 6.90 7.34 88.30 75.00 43.20 31.50 33.00 24.50 41.60 8.51
OIL & GREASE mg/L <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
pH units 7.40 7.55 6.68 7.08 7.53 7.32 717 7.32 7.45 7.41 7.56 7.35
TOTAL KJELDAHL NITROGEN | mg/L as N 1.43 1.22 0.86 0.85 0.37 1.22 0.99 0.74 0.72 0.50 0.94 0.88
AMMONIA mg/L as N <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
TOTAL PHOSPHORUS mg/L as P 0.22 0.16 0.25 0.21 0.37 0.38 0.24 0.22 0.11 0.09 0.19 0.16
DISSOLVED PHOSPHORUS mg/L as P 0.13 0.1 0.18 0.15 0.29 0.31 0.18 0.17 <0.05 <0.05 0.06 0.05
ORTHO-PHOSPHATE mg/L 0.10 0.08 0.14 0.12 017 0.28 0.18 0.17 <0.05 <0.05 0.06 0.08
TOTAL CADMIUM mg/L <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004
TOTAL COPPER mg/L 0.008 0.008 <0.005 0.008 0.007 0.012 0.013 0.010 0.009 0.008 0.011 0.012
TOTAL LEAD mg/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 < 0.01 <0.01 <0.01
TOTAL ZINC mg/L 0.010 0.012 0.012 0.014 0.021 0.015 0.013 0.010 0.018 0.012 0.031 0.038
FIELD TURBIDITY:
FF/C1 NTU 7.99 7.99 109.90 109.90 3.59 3.59 6.18 6.18 35.44 35.44 30.46 30.46
c2 NTU 5.22 15.41 15.23 7.38 32.49 31.36
c3 NTU 5.74 12.64 10.15 7.20 17.01 25.88
c4 NTU 4.83 22.24 6.12 4.33 16.85 16.96
C5 NTU 4.30 18.14 4.08 2.86 6.52 14.01
Ccé6 NTU 4.54 10.55 5.02 2.26 4.21 42.87
c7 NTU 4.55 12.67 4.14 1.33 6.99 18.29
c8 NTU 12.26 11.50 3.10 2.55 1.83 16.86
c9 NTU 9.81 8.54 3.61 5.88 241 63.30

11/16/11: BOD FF & COMP - Laboratory Control sample outside acceptance criteria - biased low.
11/20/11: BOD FF & COMP - Analyte detected in laboratory blank. Result may be biased high.
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APPENDIX B

BIOSWALE 104 STUDY
POLLUTANT LOAD REDUCTION

» Table 3 — Bioswale 104 Individual Storm Event Storm Loads/Event Mean Concentrations
» Table 4 — Bioswale 104 Pollutant Removal Efficiency Ratios

» Table 5 — Bioswale 104 Sum of Loads Efficiency






TABLE 4
BIOSWALE 104 POLLUTANT REMOVAL EFFICIENCY RATIOS

Average Inlet EMC Average Outlet EMC .. .
Parameter Efficiency Ratio
{mg/L) (mg/L)
TSS 20.24 10.72 47%
TDS 146.80 153.40 -4%
Chloride 26.64 29.61 -11%
TKN 2.13 0.91 58%
Total P 0.25 0.21 15%
Dissolved P 0.162 0.153 6%
Ortho-P 0.140 0.135 4%
Copper 0.012 0.009 26%
Zinc 0.028 0.013 55%

Note: Ammonia, Cadmium & Lead not included because all samples below MDL

TABLE 5

BIOSWALE 104 SUM OF LOADS EFFICIENCY

Sum of Outlet Loads

SOL Efficiency

Parameter Sum of Inlet Loads {lbs) (Ibs)
TSS 2 0.75 69%
TDS 19.39 14.82 24%
Chloride 4.04 3.57 12%
TKN 0.18 0.07 64%
Total P 0.03 0.02 26%
Dissolved P 0.016 0.015 8%
Ortho-P 0.014 0.014 0%
Copper 0.001 0.001 34%
Zinc 0.003 0.001 66%

Note: Ammonia, Cadmium & Lead not included because all samples below MDL
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APPENDIX C

BIOSWALE 104 STUDY
BOX & WHISKER PLOTS POLLUTANT REMOVAL EFFICIENCY

Total Suspended Solids, Total Dissolved Solids, Chemical Oxygen Demand, Chloride

Oil & Grease, pH, Turbidity

Total Kjeldahl Nitrogen, Ammonia, Total Phosphorus, Dissolved Phosphorus,
Ortho-Phosphate

Total Cadmium, Total Copper, Total Lead, Total Zinc















Appendix J. KCI Technologies Continuous Stream Monitoring, 2011 Annual
Report.
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As part of the Delaware Department of Transportation’s National Pollutant Discharge
Elimination System General Permit Program Regulations Governing Stormwater Discharge, KCI
Technologies, Inc. was contracted to administer continuous water quality monitoring of
Leatherman’s Run (during the reconstruction of the 1-95 Service Plaza), and Christina River
(during the reconstruction of Elkton Road). The purpose of this monitoring is to evaluate the
effect of construction activity on Leatherman’s Run and Christina River, respectively.

KCI installed and maintains the
monitoring  equipment at  both
locations, in addition to continually
evaluating the water quality data. The
upstream and downstream  solar
powered YSI water quality data loggers
are equipped to monitor the following

parameters: dissolved oxygen,
turbidity, pH, temperature, and
conductivity.

The water quality data loggers are each
hard-wired to a separate docking
station by a field cable protected by a
1.25 inch electrical conduit buried in Water Quality Data Loggers
the ground. The docking stations are

each equipped with a 20-watt solar

panel, antenna and EcoNet Data
Logger/ Transmitter that transfers real-
time data to an EcoNet Data
Acquisition System, which can be
viewed through the YSI EcoNet
Website.

EcoNet provides automated data
reports, and real time alarming and
alerting when parameters exceed user-
defined thresholds. KCI monitors the
data collected from the water quality
loggers and  prepares  weekly
memorandums and graphs (see pages
2-3) summarizing data observations. YSI EcoNet Server
DelDOT is notified of unusual

parameter levels or other equipment issues.
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TYPICAL WEEKLY MEMORANDUM
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Each YSI continuous monitoring site
employs a fully self-contained data
logging rain gauge that is hard-wired
into the YSI docking stations. The
rain gauge uses a tipping-bucket
mechanism, which is designed to
record 0.01” of rainfall for each tip of
the bucket. Bucket tips are detected
when a magnet attached to the tipping
bucket actuates a magnetic switch as
the bucket tips. Since the rain gauge is
connected to the YSI EcoNet Server,
each bucket tip is recorded with a date
and time stamp. Therefore, real time
precipitation accumulation totals are
viewable through the same YSI

Data Logging Rain Gauge

EcoNet website.

A. LEATHERMAN’S RUN: 1-95 SERVICE PLAZA

The continuous monitoring equipment was
installed on the southbound (upstream) and
northbound (downstream) slopes of I-95,
where Leatherman’s Run crosses under the
[-95 Service Plaza in New Castle County
(see Location Map).

The equipment installation was completed
and logging data in June 2009. The initial
purpose of the monitoring was to evaluate
water quality during Service Plaza re-
construction. The equipment remained in-
stream to monitor water quality during the
Leatherman’s Run  Retrofit  Project,
occurring upstream of the [-95 Service Plaza
Upstream Y S site.

2011 Weekly Memorandums Summary

The EcoNet data from the upstream YSI
monitoring system is evaluated on a weekly
basis. A memorandum and graph depicting
turbidity versus rainfall is compiled each
week and submitted to DelDOT. The
downstream YSI sonde was removed

Continuous Monitoring Station

Leatherman’s Run
Upstream 1-95 Service Plaza
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February 8, 2011 as a result of a faulty
field cable. Weekly memorandums
and graphs for that time period are not
available.

Bench calibration is performed in the
office approximately every three
months (more often if readings seem
to fluctuate). DelDOT was notified of
unusual parameter levels or other
equipment issues as they occurred.
Highlights of the weekly memo-
randums/graphs are provided below.

In January and February 2011, the
downstream  sonde  experienced Leatherman’s Run
multiple power issues, which resulted Downstream of 1-95 Service Plaza
in the sonde draining the internal
batteries. Each time the sonde was removed for service, the batteries were replaced to perform a
diagnosis in the office. When the sonde was re-deployed each time, it would operate off the
internal batteries for approximately two weeks before the sonde would no longer log and
transmit data. It was determined that a faulty and erratic field cable was preventing the sonde
from operating continuously on the solar power charged external battery located at the docking
station. At that time, the frozen ground prevented KCI from properly installing and burying a
new field cable. KCI decided to wait until early spring when the ground thawed to install a new
cable. However, deterioration of the downstream stream bank created unsafe conditions to gain
access to the sonde from the usual locations. Other points of entry to the stream were not
conducive to accessing the sonde due to the stream depth. Therefore, since the re-construction of
the Plaza was completed, it was decided not to continue the monitoring of the downstream site
due to the time and cost of improving the downstream site conditions to permit a safe access
point to the sonde.

Also in January 2011, the upstream YSI sonde experienced elevated turbidity levels compared to
the downstream sonde. During initial and subsequent upstream site inspections to determine the
cause of elevated turbidity, it was concluded that low water levels at the upstream sonde resulted
in decreased flow through the sonde. The decreased flow allowed sediment and debris to easily
accumulate inside the sonde guard, resulting in a minor increase in turbidity compared to the
downstream sonde. To prevent the accumulation of debris, the maintenance frequency was
increased at the upstream site during low water levels.

Sediment accumulation continued to be an issue throughout the 2011 monitoring year, especially
during low water levels and after large storm events. Since the sediment transport within the
stream significantly increased during storm events, the sonde became inundated with sediment
resulting in erroneous readings for multiple sensors on the sonde. Low water levels decreased
the flow through the sonde allowing for the increased deposition of sediment and debris also
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resulting in erroneous sensor readings. KCI attempted multiple remedies for the sedimentation
issues, such as altering the placement (i.e. location/depth) of the sonde, wrapping the sonde with
large mesh screening, and increasing the maintenance frequency. It has been concluded that not
one solution works for all issues; therefore, KCI will continue to make the appropriate changes to
the monitoring equipment to ensure accurate and continuous water quality data.

Throughout 2011, elevated turbidity
levels would occur at the upstream site
during storm systems moving through
the area. Turbidity levels often
returned to normal within 24 hours of
the precipitation ceasing. Turbidity
levels also increased due to heavy
snow melt that occurred during the
winter months, when the daytime
temperatures rose above freezing.
However, when temperatures returned
to or dropped below freezing during
the night, turbidity levels would return
to normal. Occasionally, snow melt
was recorded by the on-site rain gauge
as precipitation, if significant snow Leatherman’s Run
accumulation occurred in the rain
gauge. Therefore, it is recommended
to clean out the rain gauge shortly
after snow, freezing rain or sleet occurs.

Upstream of 1-95 Service Plaza

The Leatherman’s Run upstream sonde experienced one major period of downtime, which began
on August 1, 2011. The upstream water level had significantly decreased over the summer
months, resulting in the sonde experiencing periods of dead zones, where minimal flow of water
occurred or the sonde was no longer submerged in water. To prevent possible damage occurring
due to the sensors drying out, KCI decided to remove the sonde from the stream. As a series of
large storm systems occurred over the next few months, including Hurricane Irene on August 26,
2011 when all equipment was removed from the stream, KCI monitored the upstream water
levels to determine when the stream was again suitable to monitor. After observing stream levels
remaining elevated, it was decided to deploy the sonde on November 7, 2011.

The upstream sonde was removed on December 22, 2011 due to erroneous readings with the
turbidity sensor and dissolved oxygen sensor. The sonde was bench-tested in the office to
determine the issues. As a result, a new turbidity probe was installed and the optical dissolved
oxygen membrane was replaced. The sonde was re-deployed on January 10, 2012.



DELDOT AGREEMENT 1495 CONTINUOUS STREAM MONITORING
WATER QUALITY MONITORING 2011 ANNUAL REPORT

LEATHERMAN’S RUN - 1-95 SERVICE PLAZA
CONTINUOUS STREAM MONITORING
LOCATION MAP
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B. CHRISTINA RIVER: ELKTON ROAD

Continuous stream monitoring

equipment was installed on the
westbound (upstream) and eastbound
(downstream) sides of the Elkton Road
overpass of the Christina River in New
Castle County in December 2010 (See
Location Map).

The purpose of the monitoring is to
evaluate water quality during the
Elkton Road construction project. The
project  includes  pavement re-
construction; additional turn lanes at
the intersection of Elkton Road and
Casho Mill and Apple Roads; reducing
Elkton Road between Apple Road and
Delaware Avenue from four to two
lanes with a two-way center turn lane
and a landscaped median just south of

Continuous Monitoring Station
Christina River
Upstream of Elkton Road

Amstel Avenue Intersection; new
sidewalks and curb ramps; bike lanes; and utility improvements. The project’s estimated
completion date is September 2012.

2011 Weekly Memorandums Summary

The EcoNet data from the two YSI
monitoring systems is evaluated on a
weekly  basis, and a  weekly
memorandum and graph depicting
turbidity versus rainfall is compiled each
week and submitted to DelDOT (see
Pages 2-3). Bench calibration is
performed in the office approximately
every four-five months, which is less
frequent than the Leatherman’s Run YSI,
due to more favorable site conditions at
Elkton Road resulting in less sensor drift.

DelDOT was notified of wunusual
parameter levels or other equipment o ]
issues as they occur. Highlights of the Christina River

weekly =~ memorandums/graphs  are Upstream of Elkton Road

provided below.
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Throughout 2011, elevated turbidity levels
occurred at the upstream and downstream
sites, all of which coincided with storm
systems moving through the area. Turbidity
levels regularly returned to normal within 24
hours of the precipitation ceasing.

Turbidity levels also increased due to heavy
snow melt that occurred during the winter
months, when the daytime temperatures rose
above  freezing. However, = when
temperatures returned to or dropped below
freezing during the night, turbidity levels
would return to normal. Occasionally snow Continuous Monitoring Station

melt was recorded by the on-site rain gauge Downstream of Elkton Road
as precipitation, if significant snow

accumulation occurred in the rain gauge. Therefore, it is recommended to clean out the rain
gauge shortly after snow, freezing rain or sleet occurs.

Sediment accumulation was also an issue at the Elkton Road YSI monitoring site following
storm events throughout the 2011 monitoring year. The upstream YSI sonde experienced
occasional minor sediment accumulation following storm events; however, the downstream
sonde tended to accumulate significantly more sediment and debris on a much higher frequency.
KCI attributed the downstream sonde’s vulnerability of sediment issues to a large sand bar that

significantly narrowed the stream channel.
Since sediment transport within the stream
significantly increases during storm events,
the sonde becomes inundated with sediment,
resulting in erroneous readings for multiple
sensors on the sonde.

On one occasion, following a storm system
on November 21, 2011 that resulted in
approximately 2.0” of precipitation over a 3-
day period, the downstream sonde and cable
became entirely buried in approximately two
feet of sediment and debris. KCI attempted
multiple remedies for the sedimentation
issues, such as altering the placement (i.e.
location/depth) of the sonde, wrapping the

Christina River
Downstream of Elkton Road

sonde with large mesh screening, and increasing the maintenance frequency. The sonde location
is limited to its current placement due to three factors: (1) Length of cable, (2) Location of
underground gas line, and, (3) Outfall pipe discharging further downstream. KCI has concluded
that not one solution works for all issues; therefore, KCI will continue to make the appropriate
changes to the monitoring equipment to ensure accurate and continuous water quality data.
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Additional noteworthy field observations included the following:

March 4, 2011: Tipping bucket rain gauge was installed and fully operational.

June 6, 2011: Sondes removed for calibration.

August 26, 2011: All equipment was removed from the stream due to Hurricane Irene.
October 24, 2011: Sondes removed for calibration. Sondes were not re-installed until

November 2, 2011 due to compatibility issues between the calibration software and the
recent update to Windows 7.

Roadway Paint Run-off Event — November 29, 2011

On November 29, 2011, a KCI field crew inspecting the YSI at the Elkton Rd downstream site
observed a cloudy discharge from the downstream bridge culvert. Upon further inspection to
determine the source, KCI observed fresh road paint leaching from roadway lane lines and
turning arrows on Elkton Rd as a result of a thunderstorm system moving through the area. KCI
notified the DelDOT NPDES Section, who then forwarded the issue to the Area Engineer
overseeing the Elkton Road Project. KCI believes this was an isolated incident and has not
observed the same issue occur during a storm event when KCI was on-site.

Elkton Road Paint Run-off Elkton Road Paint Run-off

Elkton Road Paint Run-off Elkton Road Paint Run-off

10
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CHRISTINA RIVER - ELKTON ROAD
CONTINUOUS STREAM MONITORING
LOCATION MAP

C. NEXT STEPS

KCI will continue to monitoring Leatherman’s Run and Christina River, and respond to DelDOT
needs for additional monitoring.

11



Appendix K. University of Delaware studies of mowing height practices and
guardrail vegetation management alternatives: Summary of 2011
results



Summary of 2011 Study Results

I. Mowing Height Practices

I1. Guardrail Vegetation Management Alternatives

Submitted by:

Susan Barton, PhD

Associate Professor and Extension Specialist
140 Townsend Hall

University of Delaware

Newark, DE 19716



2011 Mowing Study

The DelDOT mowing specifications are to maintain routinely mowed roadside turf to a
height of six inches. However in actuality, roadside turf is often mowed to a height of
approximately 2 inches throughout the state. This study is observing and collecting data of turf
grass condition and weed content of routinely mowed turf at the recommended six inch height and
at the current two inch height. Plots are maintained in two locations—Milford bypass (6 plots) and
195 medians (6 plots). Each plot is approximately 200 feet. At each location, three plots are being
mowed to a height of 6 inches and three plots mowed to a height of 2 inches.

In 2011, 195 plots were mowed 7 times and Milford plots were mowed six times during the
growing season. The mowing sites were visited three or four times (195 — 3 and Milford -4) to
collect data. Each treatment was documented with photographs. Notations were made on weeds
present, clippings and level of turf decline. Photographs were taken documenting that matted
clippings often lay on the closely mowed treatment plots, excluding light and causing turf grass
injury. This injury often results in dead patches that allow weed incursion. The final result is a
degraded turf grass condition.

It is still difficult to see species composition changes in the amount of time this turf has been
managed with 2 inch mowing and 6 inch mowing. There was already a significant weed population
in the turf (at the start of the experiment) so it will be hard to document increased weeds with the 2”
mowing. It would be better to start with newly planted turf and monitor the effects of close
cropping and 6” mowing.

2011 Mow Dates

Wimington Milford

5/2/2011 5/2/2011
6/13/2011 6/13/2011
6/22/2011

7/7/2011 7/6/2011
8/23/2011 8/24/2011
9/28/2011 9/29/2011
10/31/2011  10/31/2011

1-95 Site

5-5-11
2” plots — clumps of clippings present, wide variety of weeds present, very uneven cut
6” plots - no clippings, weeds present, grass is much taller than 6”

6-15-11
2” plots — long clippings on surface, cut recently but recommend recut, clippings
accumulated in swale, wide variety of weeds present, very uneven cut
6” plots - some clippings present, grass is 8-12”, recommend recut

10-31-11
2” plots — consistent layer of clippings on surface, bare patches present
6” plots - no clippings, few weeds, grass is flattened down, especially in swale



Milford Site

5-13-11
2” plots — clippings on surface, sometimes in large clump; side variety of weeds
6” plots - no clippings, wide variety of weeds, several weeds are flowering

6-21-11
2” plots — some matted areas of grass, clippings on surface, matted clippings (especially in
swale), extremely dry, half the blades are tan
6” plots — no clippings, very tall turf, less brown in turf

8-17-11
2” plots — green vegetation, tall flowering grass and flowering weeds
6” plots — green vegetation, tall flowering grass and flowering weeds

10-31-11
2” plots — clippings covering most of surface, thicker in some places, a few dead areas in
center of swale, no grass under thick patches of clippings
6” plots — almost no clippings (grass cut same day), grass is taller than 6



2011 Guardrail Study

This project was initiated to investigate methods to reduce the use rates and toxicity of
pesticides and carriers used to treat guardrail vegetation without compromising safety and
aesthetics.

In April and May of 2008, twenty-four guardrail plots were established on Delaware
roadsides (Route 13 S between route 72 & Route 1, Route 7 near RR bridge, and Route 13 near
airport).

Treatments originally included three formulations of herbicide, two weed barriers, hand
trimming, pavement, low fescue turf and a control. There were three replications of most
treatments. Selected test locations are a representative subset of the types of roadway settings in
which guardrails are utilized. In Fall 2010 and Spring 2011, the herbicide treatments were
abandoned and focus shifted to evaluating low fescue turf, hand trimming and two types of weed
barriers, including a custom-cut/standard-cut variation of one barrier.

Test sites are monitored and data is taken throughout the growing seasons. We record on a
scale of 1-5 each plot’s compliance with DelDOT guardrail standards and the weed level present.
We also record predominant weed species. Each plot is photographed with each data collection
visit. In 2011, test sites were monitored and data was taken five times.

Weed barriers

Treatments:
e U-Teck standard installation — 4’ standard width - installed 6/23/08 (plots — 1a, 10a, 18a)
e U-Teck custom cut — width varies to reach road edge and accommodate variance in post
width — installed 5/5/11 (plots — 1c, 10c, 16a)
e TrafFix — rubber mat with 3 punched guardrail cutouts for flexible installation- installed 5/6
and 5/7/2011 (plots — 1b, 10b, 18b)

Site preparation for barrier installation was conducted in Fall 2010 (herbicide treatments 9/23/10)
through Spring 2011(Universal barriers removed and areas raked and leveled).

e U-Teck standard — vegetation growing between barrier and road surface; wiregrass
breakthrough observed at seams (continued from previous years). Wiregrass and crabgrass
growing over surface of barrier. DelDOT standard avg. = 3.67; Weeds avg. rating = 2.93

e U-Teck custom cut — installation process much easier with custom cut product therefore less
labor expenditure; U-Teck support staff was present for installation and used crack sealer for
seam with road edge; road edge varies enough to allow small weed growth between barrier
and road first observed on 6/8/11. By late summer stakes were starting to heave out of
ground (potential snow plow problem); Very minor breakthrough of wiregrass at guardrail
post seams. DelDOT standard avg. = 5.0; Weeds avg. rating = 4.85

e TrafFix — Space between barrier and road due to installation (used incorrect punch out for
guardrail post); wiregrass growing over barrier surface; a few instances of wiregrass
growing through seam at standard. This product does not use a sealer at guard rail post
seams making it vulnerable for weed penetration (will be monitored in 2012). DelDOT
standard avg. = 4.33; Weeds avg. rating = 4.0



Low fescue turf

Plots seeded in May 2008 and reseeded in August 2008 with new topsoil (plots 3, 19, 20).
Original low fescue plot reseeded in Fall 2010 with added topsoil (plot 20). Two new low fescue
plots prepped with topsoil and seeded in Fall 2010 (9, 14). Some weed incursion. Low fescue plots
treated with broadleaf herbicide (3, 9). Low fescue plots treated with broadleaf herbicide and annual
grass postemergent herbicide (14, 20). Plot 9 has thick stand of low fescue under guard rail; was
drought stressed in mid-summer (7/25/11). Thick, lush low fescue on plot 14, but some problems
with thistle in patches. Plot 3 has very sparse low fescue only present in shady areas. DelIDOT
standard avg. = 4.04; Weeds avg. rating = 3.54

Hand trim

Plots 2, 4, 5, 6, 7, 8, 11, 15 16b, 17. All plots except 11 and 6 (former herbicide plots with
gravel surfaces) were hand trimmed on 6/21 and 6/22/11. In September, plots 17 and 16b (Route 13
site) were hand trimmed. DelDOT standard avg. = 3.82; Weeds avg. rating = 3.08

Hand trimmed once in 2011 - Plots 2, 4, 11,5, 7, 8, 15
Hand trimmed twice in 2011 — Plots 17, 16b
No hand trimming in 2011 — Plot 6

Treatment DelDOT Weeds
standard

U-Teck standard 3.67 2.93

U-Teck custom 5.0 4.85

TrafFix 4.33 4.0

Low fescue 4.04 3.54

Hand trim 3.82 3.08

Questions to answer:

—  Will low fescue become thick enough to out-compete annual grass weeds, broadleaf weeds
and noxious weeds (i.e. Canada thistle)?

—  Will low fescue stay low enough to eliminate or greatly reduce need for hand trimming?

— Will U-Teck custom prevent excessive weed growth between barrier and road surface?

— What is U-Teck fabric durability?

—  Will heaved pins in U-Teck become a problem?

— What is the TrafFix durability?

—  Will weeds begin to grow around unsealed guard rail standard seams?

— Will erosion occur under impermeable TrafFix barrier?

— What is the frequency of hand trimming required in an average year and manhours required?
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PROJECT LETTER 11A01466

FOR
“INTEGRATING ZERO-VALENT IRON AND BIOCHAR AMENDMENTS IN GREEN STORMWATER
MANAGEMENT SYSTEMS FOR ENHANCED TREATMENT OF ROADWAY RUNOFF”
UNDER PARTNERSHIP AGREEMENT 1490
BETWEEN
STATE OF DELAWARE, DEPARTMENT OF TRANSPORTATION

AND

UNIVERSITY OF DELAWARE

DelDOT Task Order Number:

Partnership Agreement 1490, establishes a generai framework for interactions and cooperation in
research, service and educational activities between the State of Delaware, Department of
Transportation (DEPARTMENT) and the University of Delaware (UNIVERSITY), and allows for the
addition of Project Letters.

Project Letter 11A01466 details work to be performed under the proposal entitied, “Integrating Zero-
valent Iron and Biochar Amendments in Green Stormwater Management Systems for Enhanced
Treatment of Roadway Runoff,” as described in the Task Description.

The anticipated period of performance is September 1, 2011 to August 31, 2012 in the amount of
$55,677. UNIVERSITY shall send itemized quarterly invoices accompanied by a quarterly project
report in accordance with the terms and conditions of Partnership Agreement 1490 hereby incorporated
by reference. No work shall begin on this Task without a Nofice to Proceed from DelDOT.

Type of Project {check one}: Federal Fiow-Through Funding:
Research X Yes X
Service o No
Training 0
Approved:
e é i -
0/ 7 Gfeg/ls
Dariie! Cha Date Mérianne Walch * Date
Civil and Environmental Engineering DelDOT Project Manager
. Shenton, ! Date’ 2 \ &fesf1,
Civil &nd Environmenial Engineering /ﬂ ' Date

(g l nterim Director of Planning
@WW 2. 754* é"éﬁ /11 Delaware Depariment of Transportation

Geraldine E. Hobbs Date
Research Office
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Integrating Zero-valent Iron and Biochar Amendments in Green Stormwater Management Systems fox
Enhanced Treatment of Roadway Runoff

Submitted for consideration by the
Delaware Department of Transportation (DelDOT)

By

Daniel K. Cha', Paul T. Imhoff', Pei Chiu', Julia A. Maresca', and Mingxin Guo®
'Department of Civil and Environmental Engineering, University of Delaware
2Departmen’t of Agriculiure and Natural Resources, Delaware State University

Propesal Summary: In order for DelDOT to minimize environmental impacts and comply with Total Maximum
Daily Load regulations, stormwater management systems must remove nutrients. Unfortunately, to obtain
sufficient nutrient removal current systems require substantial land area and may not work effectively during
winter months. We will evaluate two promising technologies involving the addition of biochar and/or zero-valent
iron to existing and new stormwater facilities, which may dramatically reduce nutrients from DelDOT stormwater
discharges.

Problem Statement: Stormwater runoff from highways and roadways carries many pollutants such as sediment,
nutrients, bacteria, oil, metals, chemicals, road salt, pet droppings and litter. These pollutants, if runoff control
measures are not implemented, may have detrimental impact to surrounding water resources. This situation is
further compounded with global climate change, which has made severe storms and flooding more commonplace.

Stormwater discharges from Delaware roadways are considered point sources of pollution and thus subject to
regulation under the NPDES permitting program. As a co-permittee along with New Castle County and other
municipalities, the Delaware Department of Transportation (DelDOT) must comply with Total Maximum Daily
Load (TMDL) regulations for bacteria and nutrients and work towards achieving the prescribed waste load
allocations. TMDL is the maximum amount of a pollutant that a waterbody can receive without violating the
water quality standards. In Delaware, nutrient loading to surface waters is one of the leading causes of water
quality impairment, and in order to meet the water quality standards in the state’s nutrient impaired waterways the
TMDL regulations require the systematic reduction of all point source discharges of nitrogen and phosphorus into
these waterways. For example, the TMDL regulations for various watersheds in Delaware prescribe the reduction
of the nitrogen load by 35% to 60%, and DelDOT must follow the TMDL reduction limits as prescribed for each
watershed.

A bioretention system is one of the best management practices (BMPs) that is receiving increasing attention to
address both hydrologic and water quality issues of roadway stormwater runoff. Bioretention generally consists
of sand/native soil/organic compost media, a surface mulch layer, and a vegetative layer. Bioretention allows a
ponding of runoff during and after rainfall events for storage and gradual infiltration of stored water into the
media. Properly designed bioretention systems incorporate natural physical, chemical, and biological processes to
manage stormwater quantity and quality more efficiently than conventional end-of-pipe management practices.
On the other hand, nitrate removal by bioretention has been reported to be poor (Davis et al., 2009). In fact,
pitrate concentrations may increase in bioretention systems due to microbial nitrification of organic nitrogen and
ammonia often present in urban stormwater. Consequently, biorentention systems need to be better engineered
for more effective and complete removal of nutrients, especially if bioretention is to be employed in areas where
nutrient pollution is a major concern (e.g., Delaware).

Sand filters and bioswales are two other BMPs employed for reducing pollutants in stormwater. These BMPs
employ a filter medium, e.g., sand or soil, where pollutants are removed by filtration or biological and chemical
processes. Typically, water flow through these media is unsaturated resulting in oxic conditions. While nutrients
can be removed in sand filters and bioswales, removal rates are often low, particularly for nitrate.

Ohbjectives: The overall goal of this proposed work is to evaluate the feasibility of incorporating two treatment
systems into new and existing stormwater BMPs: biochar, which can be included as an amendment to sand filiers,
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bioswales, and the unsaturated zone of bioretention cells, and zero-valent iron (Z V1), which would be
incorporated as a continuously submerged anoxic zone at the bottom of bioretention cells.

The pyrolysis of biomass produces renewable energy in the form of heat and biofuels, and, as a byproduct,
biochar. For example, in Delaware pyrolysis of pouliry liter has been proposed to generate biofuel and biochar
that may enhance the fertility of agricultural soils. Biochar is a carbon-rich solid similar to charcoal that when
added to soils is believed to provide long-term sequestration of carbon, thus mitigating the effects of excess CO;
emissions in our carbon-based economy. Recently, 2 2010 study showed that adding biochar at 0.5% by mass to a
surface soil layer reduced leaching of ammonium nitrogen by 15% (Ding, et al., 2010). Another study in the
Midwest found that biochar-amended soils reduced total phosphorus and total nitrogen leaching by 69% and 11%,
respectively (Laird, et al., 2010). Reductions in phosphorus leaching were atributed to adsorption of
orthophosphate and organic phosphorus compounds by biochar. Reductions in total nitrogen and nitrate leaching
involve more complex processes and are not well understood. Reductions were attributed to biochar’s substantial
capacity to adsorb ammonium and organic nitrogen, thus limiting the mineralization of nitrogen and thus the
formation of mobile nitrate.

In a bioretention cell, ZVI would be contained in an anoxic zone. Here, ZVI granules are mixed with sand where
ZV1 produces hydrogen that facilitates microbial denitrification. A schematic diagram of the proposed system is
shown in Figure 1. The proposed ZVI-integrated bioretention system is an innovative process designed to
completely remove and transform nitrate in stormwater runoff to environmentally benign nitrogen gas.

The proposed approach is effective because
apaerobic corrosion of iron granules serves as

a continuous source of electron donors NH,*

(hydrogen gas) for autotrophic denitrification.

Unlike organic substrates that are commonly §

used to support heterotrophic denitrification, Nitrification Aerobic Soi
the ZV1 process does not produce excessive NH 3 NOS (unsaturated)

biomass or leave organic residuals. In
addition, iron granules are relatively
inexpensive and stable in the subsurface for an
extended period of time.

The specific objectives of this study are (1) to
establish the effectiveness of biochar and ZV]
for reducing nitrogen leaching in controlled
stormwater sysiems in the laboratory; (2)
based on these data, predicting the utility and
cost of using these amendments in field-scale
stormwater systems; and (3) to develop plans
for future field trials to test the applicability of
models developed in the laboratory on nutrient
removal in the field.

Approach and Methodolegies: In order to demonstrate the effectiveness of biochar-amended and ZVI-integrated
stormwater systems, laboratory-scale soil columns will be used. Biochar will be tested in unsaturated soil columns
intended to mimic the unsaturated portions of bioretention cells, sand filters, and bioswales. Biochar generated
from poultry litter, a common source material in Delaware, will be generated using a pyrolysis unit. The biochar
will be characterized using standard surface characterization technigues, added to two representative materials,
one representing a Delaware sand filter medium and a second representing the unsaturated zone of a bioretention
cell, and then loaded intermittently with synthetic stormwater with known amounts of nutrients. Nitrate,
ammonium, total nitrogen, and total phosphorus as well as other selected species will be measured in the infiuent
and effluent to quantify the removal efficiency and how this efficiency changes with time.

ator bacteria removal {sorgtmn destruc:tzen) :
SRR R 4‘3%%3 S e

Figure 1. Schematic Diagram of Proposed ZVI-
integrated Bioretention System

Similar experiments will be conducted with ZVI granules. Here, the laboratory-scale bioretention systems will
consist of an unsaturated soil column followed by an anoxic column containing iron-granule mixtures. In order to
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determine the optimum iron-to-sand ratio in the column for extended operations, we will test three iron contents
(volume basis): 30% iron:70% sand, 20% iron:80% sand, 10% iron:90% sand. The long-term performance of
iron granules and the loss of column porosity will be evaluated by monitoring (1) the effluent concentration of
target compounds (e.g. NOy, PO,”) and (2) the pressure drop along the length of the column. The optimum
operational parameters will be established based on residence time, iron content, and pH. The loading and
assessment of overall performance will be similar to that for the biochar experiments.

Benefits and Deliverables: An innovative feature of the proposed technology involves use of biochar to remove
nitrogen and phosphorus in the unsaturated portions of sand filters, bioswales, and bioretention cells, and zero-
valent iron to enhance the removal of nitrate in bioretention systems. As part of this one-year project, we will
produce data that will allow for an assessment of the potential of these two amendments for significantly reducing
nutrient loads from DelDOT stormwater faciltiies. This work will include a preliminary analysis of the costs and
associated benefits of these two technologies.

Representatives from DelDOT are welcome to visit our labs to view tests at any time. During the study, progress
reports will be provided approximately every 3 months. Upon completion of the study, a comprehensive final
report will be prepared. This report will include:

e Results and interpretation of denitrification in ZVI-sand columns associated with various ZV1/sand
mixtures.

» Similar results for nitrogen and phosphorus removal in biochar-amended media.
The influence of intermittent loadings on denitrification rates (ZV1) or nitrogen removal (biochar).
Suggestions for further work, which will include out outline for potential field tests in subsequent years.

Project Persounnel

Dr. Daniel K. Cha, Professor, Dept. of Civil and Environmental Engineering, University of Delaware

Dr. Paul T. Imhoff, Associate Professor, Dept. of Civil and Environ. Engineering, University of Delaware
Dr. Pei Chiu, Professor, Dept. of Civil and Environmental Engineering, University of Delaware

Dr. Julia Maresca, Assistant Professor, Civil and Environ. Engineering, University of Delaware

Dr. Mingxin Guo, Associate Professor, Department of Agriculture and Natural Resources, Delaware State
University

Contact Information

Dr. Daniel Cha, 301 DuPont Hall, University of Delaware, Newark, DE; (302)831-2435; cha(@udel edu.

b WAoo e b Roch vttt

Dr. Paul Imhoff, 301 DuPont Hall, University of Delaware, Newar, DE; (302)831-0541; imhoff@udel.edu.
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Agreement 1490

DELDOT TASK NUMBER:
Project Title: Integrating Zero-valent Iron and Biochar Amendments in Green
Stormwater Management Systems for Enhanced Treatment of Roadway Runoft
UD Project Letter Number: 11A01466
UD Principal Investigator(s) Dan Cha and Paul Imhoff
Period of Performance: 09/01/2011 - 08/31/2012
I SALARIES & WAGES
Personnel (Name of No. of
A. Person) Role Hourly Rate  hours
notation (+) 1. $0.00
2. $0.00
3 $0.00
4 $0.00
Total $0.00
Fringe Benefits @ 32.3% $0.00
B. Graduate Student(s) ( x ) 0.00 0 $17,100.00
Fringe Benefits Graduate Students at 6.1% $1,043.00
Undergraduate Support 0.00 0 $0.00
Administrative Support Staff 0.00 0 $0.00
Fringe Benefits @ 50.6% $0.00
E. Miscellaneous Wages 0.00 0 $0.00
Fringe Benefits @ 8% $0.00
Total Salaries & Fringe Benefits $18,143.00
1. SUPPLIES & EXPENSES
1. List type of supplies $15,906.00
$0.00
$0.00
TOTAL SUPPLIES & EXPENSES $15,906.00
R EQUIPMENT *
Laboratary-scale pyrolysis unit $8,000.00
TOTAL EQUIPMENT $8.000.00

Iv. TRAYEL
A. Domestic Travel
Trip 1 (# of people/# of days per person)
Trip 2 (# person for X days)
Trip 3 (# people/X days per person)

$0.00
B. Local Trips
Mileage 0.50 600 300
Tolls 0.00 0 200
Parking 0.00 0 0
TOTAL TRAVYEL $500.00
Y. MISC. EXPENSES
Posiage
Photography
Printing (Reports)
TOTAL MISC EXPENSES 0
TOTAL DIRECT COSTS $42,549.00
VI. Facilities & Administrative Cost Rates: 38% $13,129.00
R TOTAL PROJECT COSTS $55,678.00
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