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Executive Summary

This is the final annual report for the
Maryland State Highway Administration
(SHA) National Pollution Discharge
Elimination System (NPDES) Phase |
Municipal Separate Storm Sewer System
(M$4) permit issued in October 2005 and
Phase Il M34 Permit issued in November
2004 by the Maryland Department of the
Environment (MDE) Water Management
Adminigtration (WMA). MDE issued
SHA a new Phase | M3 permit that is
effective beginning October 9, 2015
through October 8, 2020 and the next
annual report will discuss compliance
under the new permit authority. SHA
properties in Phase | and Il jurisdictions
are combined under this new permit.

This report covers the time period of
October 1, 2014 to September 30, 2015.
The following is a general overview and
highlights significant achievements during
the reporting period.

Source Identification

Impervious accounting and 25 project
restoration requirements under the expired
permit have been completed for the eleven
Phase | and 11 counties and the three Phase
Il municipalities. The MDE document
entitled Accounting for Stormwater
Wasteload Allocations and Impervious
Acres Treated was issued in August 2014
and SHA has worked to adjust our
accounting to meet these new guidelines.

GIS data for both the SHA storm drain
systems and stormwater management
facilities was completed under the expired
permit term and regular schedules for
updating asset data are included here.
Restoration project data has been added to
our overal GIS system as well in

anticipation of increased restoration
requirements with the new permit.

On March 19, 2015, MDE issued a new
geodatabase design and User’'s Guide.
SHA is working towards compliance with
these new data reporting standards and
they will be incorporated into the next
annual report.

Discharge Characterization

SHA continues to investigate and research
topics to maximize water quality in our
construction methods, permanent
stormwater runoff controls, decisions in
design, and maintenance techniques. SHA
is conducting additional research activities
related to meeting the anticipated waste
load allocations for designated watersheds
with a Tota Maximum Daily Load
(TMDL). Current research studies
include: Management of Nitrogen in
Stormwater Runoff Using a Modified
Conventional Sand Filter; Enhancements
for N and P Removal from Stormwater
Management Facilities for Multi-Modal
Transportation Infrastructure in Maryland:
Multi-Criteria  Plant  Selection  for
Vegetated Stormwater Control Measures;
Evaluation of Compost Addition to
Stormwater Control Measure
Performance; NASA Satellite Imagery for
Highway Runoff Stormwater Management
Potential; Street Cleaning Research;
Outfall Stabilization Sediment Reduction
Credit Analysis;, and Bioretention Soil
Assessment.

Management Program

The SHA NPDES program continues to
effectively  incorporate al  permit
components. We have successfully
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integrated the stormwater environmental
site design (ESD) regulations into roadway
design and construction projects. SHA
continues to measure and improve our
performance in the areas of erosion and
sediment control (ESC) during
construction. Internal business goals to
decrease pollutant discharges to the
Chesapeake Bay and maximize the
number of  functionally  adequate
stormwater facilities statewide continue to
be measured and reported.

SHA and MDE have entered into an
agreement for delegated authority of SWM
and ESC permitting. This agreement was
implemented over the past year and
required reporting is included here.

Watershed Assessment

SHA has incorporated watershed assessment
efforts as described by the permit in the
overall business process by continuing to
evaluate highway drainage areas for
stormwater management retrofit
opportunities and coordinate with local
jurisdictions on watershed restoration
plans to maximize water quality benefits.

SHA exchanges the latest available
geographic information system (GIS)
highway data with permitted NPDES
municipalities and provides the most
recent spatial database of drainage assets
and stormwater infrastructure to MDE.
SHA completed the impervious surface
accounting by the fourth annual report and
continues systematically updating this
dynamic layer. In preparation for
increased restoration requirements under
the new permit, SHA has been assessing
aress that lack highway runoff control and
treatment and implementing water quality
improvement projects to maximize water
quality benefits.

SHA also participates in a number of
endeavors to expand and maximize
watershed assessment initiatives and build
partnerships with Federal, State, and local
agencies.

Watershed Restoration

SHA continues to construct stormwater
management retrofits to increase pollutant
control associated with highway runoff.
Requirements for this permit condition to
implement twenty-five significant
stormwater management retrofit projects
to improve water quality of highway
runoff has been met. Watershed
restoration projects include functional
enhancements and upgrades of stormwater
facilities that do not meet current design
standards as well as construction of
additional stormwater BMPs to treat
currently untreated impervious surfaces.
Stream restoration and stabilization
projects have also been implemented.

Assessment of Controls

The Long Draught Branch stream
restoration project was designated early in
the permit term as the watershed
restoration project for assessing pre- and
post-  construction  controls. Pre-
construction  monitoring  has  been
completed. The original project design did
not receive Wetland and Waterways
approval and the project has been
redesigned to address agency comments.
SHA will proceed with the joint permit
application and advertise for construction
in February 2017, so the project can be
constructed in 2017-2018. For the new
permit requirement, SHA will develop a
new watershed project for monitoring.

Program Funding

SHA’s NPDES program remains fully
funded, and is a priority. SHA and MDOT

ii Maryland State Highway Administration
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have begun funding Bay TMDL efforts
and also supported procurement of
NPDES engineering contracts.

Total Maximum Daily Loads

The SHA M$4 Phase | permit for this
reporting period states that owners of
storm drain systems that implement the
requirements of the permit will be
controlling stormwater pollution to the

maximum extent practicable. However,
the current mandate to restore the
Chesapeake Bay by 2025 and the recently
issued M$4 Phase | permit requirement for
20% impervious restoration by 2020 are
significant  efforts that SHA has
anticipated. We have increased our
funding, staffing and program initiativesin
order to meet these deadlines.
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PART ONE

Standard Permit Conditions and Responses

1 Introduction

The Maryland State Highway Administration
(SHA) is committed to continuing our National
Pollutant Discharge Elimination  System
(NPDES) Program efforts, and is pleased to
partner with the Maryland Department of the
Environment (MDE), the Environmental
Protection Agency (EPA) and other NPDES
jurisdictions in order to achieve the program
goals.

The original NPDES Phase | and Il permit
guided SHA through establishing our NPDES
program.  (The permit, MS-SH-99-011, was
issued on January 8, 1999 and expired in 2004.)
The next permit (99-DP-3313, MD0068276,
issued October 21, 2005 and expired on October
21, 2010) focused on improving water quality
benefits, developing an impervious accounting
database and developing a watershed-based
outlook for stormwater management and NPDES
program elements.  SHA submitted a re
application for the NPDES Phase | Municipal
Separate Storm Sewer System (MS4) permit on
October 21, 2009 and a new permit was recently
issued to SHA on October 9, 2015. This report
covers compliance with the expired permit that
was issued in 2005.

This is the fifth and final annual update to the
final annual report that was submitted October
21, 2010 for the expired permit. This report
covers the period from October 1, 2014 through
September 30, 2015, and combines reporting for
both - Phase | and Il  jurisdictions.
Geographically, this report covers SHA
compliance for storm drain systems, industrial
shops and management programs within Anne
Arundel, Batimore Carroll, Cecil, Charles,
Frederick, Harford, Howard, Montgomery,
Prince Georges and Washington Counties as well
as Cumberland, Cambridge and Salisbury

municipalities. (See Figure 1-1 on the following
page)

Part One lists permit conditions and explains
SHA activities over the last year to comply with
each one. Wherever possible, future activities
and schedules for completion are provided. Part
Two of this report discusses the SHA
Stormwater Management (SWM)  Facility
Program in depth. Appendices are included at
the end of the report that contain information on
data, research, and monitoring reports.

A CD is included that contains portable
document format (PDF) files of the report,
database tables and GIS spatial data. The SHA
storm drain and stormwater management data
included is an update only from last year's
delivery.  The entire geodatabase will be
delivered next year when we have achieved
compliance with the new MDE geodatabase
design delivered to the M$4 jurisdictions on
March 19, 2015.

A Administration of Permit

Administration coordinator for the NPDES
Program is listed below and an organizational
chart detailing personnel responsible for major
program components is included on page 1-3 as
Figure 1-2.

Mr. Robert Shreeve

Deputy Director

Office of Environmental Design
(410) 545-8644
rshreeve@sha.state md.us

The SHA coordinator for the M4 permit is:

Ms. Karen Coffman

Chief, Water Programs Division
Office of Environmental Design
(410) 545-8407

kcoff man@sha.state.md.us
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Figure 1-1: NPDES Municipal Separate Storm Sewer System (MS4) Jurisdictions
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Figure 1-2: 2015 Organizational Chart for SHA NPDES MS4 Permit Administration
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B Legal Authority

A description of the legal authority maintained
by SHA was restated in the fourth annual report
dated October 21, 2009 and remains unchanged.

C Source ldentification

According to the permit language, source
identification deals with identifying sources of
pollutants and linking those sources to specific
water quality impacts on a highway district basis.
Source identification is also tied to impervious
surfaces and land uses.

For this permit term, MDE has defined the
source identification effort as completing the
description of the SHA storm drain and BMP
system, submitting BMP data to MDE, and
creating an impervious surface account.

Maryland SHA has successfully completed the
GIS development of SHA storm drain systems
within the nine Phase | M$4 counties, two Phase
Il counties, and three Phase Il municipalities.
Maryland SHA has initiated identification of
SHA storm drain systems outside of the permit
areas. We are utilizing advances in technology
and software improvements to more effectively
and efficiently collect and maintain data sets.
These process improvements will enhance
communication between offices regarding the
goals and needs for NPDES.

C.1 Describe Storm Drain System
Requirements under this condition include:

a) Complete Source identification requirements
by October 21, 2009;

b) Address source identification data
compatibility issues with each jurisdiction
where data are collected. Data shall be
organized and stored in formats compatible
for use by all governmental entities involved;

c) Continually update its source identification
data for new projects and from data gathered
during routine inspection and repair of its
municipal separate storm sewer system; and

d) Submit an example of source identification
for each jurisdiction where source
identification is being compiled.

C.1.a Complete Source Identification

SHA completed the identification and GIS
development for our storm drain systems and
stormwater management facilities in 2008, well
before the October 21, 2009 deadline. Our focus
has shifted to updating our source identification
information for the Phase | and I M34
jurisdictions. We have also added in a similar
protocol for tracking the same information in
eleven additional counties and only exclude
Garrett County at this time from these efforts.
We are also preparing to update our current data
structure to integrate new data standards
provided in the final version 1.0 of MDE M$4
Geodatabase and documentation requirements in
the Accounting for Sormwater Wasteload
Allocations and Impervious Acres Treated
guidance published by MDE in August 2014.
Information on source identification updates and
updates to the data structure are included under
section C.1.c, Update Source | dentification Data.

C.1b DataCompatibility

SHA continues to share information with other
M$4 jurisdictions and MDE, specifically
providing and acquiring data to support
planning, management, and  monitoring
activities. The storm drain and restoration project
data generated by SHA is deployed using the
Esri geodatabase format in an ArcSDE enterprise
environment. It is ether natively compatible
with other jurisdictions, or can be exported to
Esri shapefile format.  The current SHA
geodatabase and data dictionary can be reviewed
in Appendix A and on the included CD.

SHA has supported MDE efforts to update their
NPDES data and reporting requirements by
coordinating with their consultant, Maryland
Environmental Services (MES), and providing
our TMDL data standards, NPDES Standard
Procedures, and geodatabase structure to them.
Since MDE has released the MS4 geodatabase
v1.0, SHA is adopting this structure and is
working to standardize our data to ensure
compliance.

1-4
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Geospatial Database Development

SHA has developed a geospatial database for our
source identification and inspection data. This
database will be expanded to include other
components of the program as they are brought
together and as we update our standard
procedures and inspection manuals. All of the
SHA M$4 data including source identification,
SWM facility inspections, outfall screening,
outfall inspections, and impervious area acre
amounts are currently housed in the database.

A SHA-wide web-based application, known as
Enterprise GIS (eGIS), was developed to display
content themes for decision making purposes.
Content themes allow the user to overlay
datasets without extensive knowledge of the Esri
tool sets. MS4 data has been included as a
content theme in eGIS.

Google Earth is an alternative method to present
and communicate storm drain asset information
to parties outside of the SHA firewall. It
provides a user-friendly framework for
information to be communicated to SHA
Districts and the consultant community through
the distribution of KML and KMZ files that open
directly in Google Earth (See Figure 1-3 below).

Figure 1-3: Google Earth Screenshot of SHA
NPDES Data Uploaded as KML
Softwar e Development

The 2010 Annual Report contains a description
of the SHA GIS field software application

Table 1-1: GIS Application Development

Phase of Development % Complete
SWM Program Module 100
SWM Facility Numbering 100
Module (eGIS)
eGIS Integration 100
eGIS IDDE Module Initiated

SHA Data Development Procedures and
Standards

SHA has available standard procedures for data
development, asset inspections, illicit discharge
investigations and  stormwater  facility
remediation. These are combined into the MD
SHA Sormwater NPDES Program Sandard
Procedures Manual. This manual will be

updated to include new  geodatabase
requirements, restoration asset management and
updates to illicit discharge compliance

procedures. The current manual includes the
following chapters:

1. Introduction

2. Source ldentification and Inventory

3. BMP Inspections

4. Storm Drain Outfall Inspection Program

5. llicit Discharge Detection and Elimination
Procedures

6. BMP Assessment Guidelines for

Maintenance and Remediation
7. Rapid Assessment Guidelines for Outfall
Channédls

A more recent addition to SHA standardized
procedures for the NPDES program is the
Maryland SHA Stormwater NPDES Program
Data Management and Editing Tools Manual.
This manual outlines the data management
workflow, discusses office and field editing
applications that are used to assist in data
collection, and discusses the procedures and
process for quality control of the stormwater
database. SHA data managers and editors utilize
the procedures outlined in the manual to manage

developed for gathering data to populate the  yaia and GIS needs for the SHA MS4
database.  Software application updates are  gormwater program.

peformed wusing available resources and

employing new technological advances as

needed. Table 1-1 represents the upgrade status.
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C.1.c Update Source ldentification Data

Since the initial source identification has been
completed for all the NPDES M4 Phase | and 11
counties, the permit activity requirement for this
condition now focuses on updating the storm
drain asset data.

Source identification updates are performed with
the goal to meet the required threeyear
inspection cycle and we have improved our
processes in order to meet this timeframe.
Future updates have been scheduled to meet this
goa once the maintenance and remediation
efforts have been completed for SHA assets in a
particular county. The process for performing
GIS data updating has been revised and will be
performed in four phases for each county.

e SWM Featuress This phase includes
verification, inspection, and updating data

attributes for existing SHA stormwater
facilities

o |IDDE Update — This phase includes the
verification and inspection of all major and
minor outfalls within SHA right-of-way to
meet requirements of Illicit Discharge
Detection and Elimination (IDDE).

e Data Quality - This additional step was
recently added to the process due to the
overall scale to the information. The phase
includes quality control and assurance for the
data set.

e New Feature Update- This phase includes
the inputting, verification, and inspection of
newly constructed SWM and drainage assets.

The schedule for initiation of these phases and
future updates are specified in Table 1-2. The
latest data collected is as follows:

Table 1-2: Source ID Schedule

Jurisdiction SWM Feature IDDE Update Data Quality Update | New Feature Update
Annéz Arundel July-16 August-14 November-14 December-14
ounty
Baltimore County July-16 February-12 February-15 May-15
City of Cambridge April-14 December-14 August-17 December-16
Carroll County July-16 March-12 July-15 July-15
Cecil County July-16 October-14 January-15 May-15
Charles County July-16 March-12 July-15 September-15
City of Cumberland September-14 January-15 September-17 May-17
Frederick County July-16 September-15 May-18 August-17
Harford County July-16 September-14 May-17 May-17
Howard County July-16 February-12 March-15 June-15
Montgomery County October-15 December-14 November-14 December-14
Princg George's July-14 October-14 November-14 December-14
ounty
City of Salisbury April-14 December-14 August-17 December-16
Washington County July-16 April-12 April-15 June-15
Phase | Inspections within this county are underway and

Anne Arunddl County — Updated identifications
of the separate storm water system and outfall
and BMP inspections were completed during this
reporting period and areincluded in this report.

will be completed during spring 2016.

Baltimore County — Updated identifications of
the separate storm water system and outfall and
BMP inspections were completed in 2012
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Inspections within this county are kicking off
and will be completed during spring 2016.

Carrall County — Updated identifications of the
Separate storm water system and outfall and
BMP inspections were completed in 2012.

Charles County — Updated identifications of the
Sseparate storm water system and outfall and
BMP inspections were completed in 2012
Inspections within this county are kicking off
and will be completed during spring 2016.

Frederick County — Updated identifications of
the separate storm water system and outfall and
BMP inspections were completed and included
in the 2011 Report. Inspections within this
county are kicking off and will be completed
during spring 2016.

Harford County — Updated identifications of the
Separate storm water system and outfall and
BMP inspections were completed and included
in the 2011 Report. Inspections within this
county were started in September 2015 and will
be completed during early 2016.

Howard County — Updated identifications of the
Separate storm water system and outfall and
BMP inspections were completed in 2012
Inspections within this county are kicking off
and will be completed during spring 2016.

Montgomery County — Updated identifications
of the separate storm water system and outfall
and BMP inspections were included in the 2011
Report. IDDE screenings were completed in
December 2014. Inspections within this county
are underway and will be completed in October
2015.

Prince George' s County — Updated
identifications of the separate storm water
system and outfall and BM P inspections were
completed during this reporting period and are
included in this report. Inspections within this
county were completed in October 2014.

Phasell

Cambridge, Cumberland and Salisbury Cities —
Thisoriginal inventory work was completed in
2014.

Cecil County — The GIS inventory of SHA storm
drain, BMP and outfall information, and
inspections in Cecil County was completed in
2008. Inspections within this county were
completed in October 2014.

Washington County —The GIS inventory of SHA
storm drain, BMP and outfall data and
inspections in Washington County were
completed in 2012.

C.2 Submit BMP Data

Database tables are included on the attached CD
as noted in the Introduction.

C.3 Create |l mpervious Surface Account

This condition requires that SHA provide a
detailed account of impervious surfaces owned
by SHA and an account of those acres of
impervious surface controlled by stormwater
management, broken out by SHA engineering
district. This account will be used to identify
potential areas for implementing restoration
activities.

We completed the impervious accounting
requirement and the baseline accounting
numbers were reflected in the 2010 report. Table
1-3 (on the following page) displays the basdine
untreated impervious numbers for SHA by
county and progress of the restoration based on
the requirement for twenty-five restoration
projects (permit condition G.1). Figure 1-4 (on
the following page) provides a graphic
illustration of the progress.

Our impervious accounting is currently being
updated based on the August 2014 MDE NPDES
Accounting Guidance.  Restoration projects
identified in this report as complying with the
expired permit requirements will be placed in the
basdine ‘treated’ accounting for the new permit
term.
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Table 1-3: SHA Impervious Restoration Accounting by County

Impervious Impervious
Baseline Baseline Res?g:ztsi by ReAsctroerSed Sr?tj:j:;g:i ImpTe?':/eillous
Baseline Untree}ted Treat_ed Perr_n_it by Pe_r_mit Impervious Treated
Total Impervious | Impervious Condition Condition
County Impervious (AC) (AC) (AC) (%) (AC) (%)
Anne
Arundel 3979 3096 883 67 2.2% 3029 23.9%
Baltimore 4140 3790 350 460 12.1% 3330 19.6%
Carrall 1312 1198 114 0% 1198 8.7%
Cecil 1189 1174 15 0 0% 1174 1.3%
Charles 1323 1156 167 0.2% 1154 12.8%
Frederick 2396 2091 305 2 0.1% 2089 12.8%
Harford 1665 1487 178 21 1.4% 1466 12.0%
Howard 2144 1729 415 15 0.9% 1714 20.1%
Montgomery 3686 3058 628 8 0.3% 3050 17.3%
Prince
George's 4535 4001 534 26 0.6% 3975 12.3%
Washington 2168 2073 95 0 0% 2073 4.4%
Totals 28,537 24,853 3,684 601 2% 24,252 15.0%
100%
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -
e A\ o ) 16
Q’?Sé\b Q)%‘Q @ok . %éo (,Qz d\ Q}\% (( g Q}\O \2@{\0 Q\oq@ r Qeog‘?oz ‘;Q\Q%
& ®o° & N
\a &
B Untreated  ® Pre-2005 Treated Restored by Permit Condition
Figure 1-4: SHA Impervious Restoration Progress by County
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I mpervious Layer Updates

The GIS gpatial layer delineating and quantifying
impervious surfaces owned and treated by SHA
has been updated during the past reporting cycle.
Over the past year, a number of adjustments
were made to the impervious data to improve
both the spatial and reporting accuracy. These
efforts will continue as we finalize our
impervious accounting under the new permit and
include;

e Research has been performed to verify that
only SHA roads are included in the data and
to identify SHA owned roads that were not
originally collected. Also, roadways
discovered not to be owned by SHA were
removed.

e Howard County data was updated using
2011 orthophotos to be consistent with data
developed for SHA properties in the other
Phase | counties.

e SHA-owned  stormwater  management
facility data and associated drainage areas
were updated. This allowed for a more
precise assessment of treated and untreated
impervious surfaces. Updates for drainage
areas in Howard, Montgomery, Prince
Georges and Anne Arundel counties are
under devel opment.

e The datawas reviewed and corrected for any
additional anomalies and automated tools
were used to eliminate data overlaps and
slivers.

During this reporting period, SHA has initiated
updates in Anne Arundel, Howard, Montgomery
and Prince Georg€e' s counties.

In accordance with the August 2014 MDE
Accounting Guidance, SHA has initiated efforts
to research documentation for existing
stormwater facilities such as permits and
stormwater reports. This information allows us
to verify the impervious surfaces treated and
quantify the amount and type of water quality
treatment provided. The result will be updated
numbers for pavement treated against which new
basdine treatment requirements can be
calculated for the next permit term.

Table 1-4 indicates the current status of
impervious layer updates in each Phase | and 11
M$4 County.

Table 1-4: Impervious Layer Update Status

Impervious Layer

County Update Status
Anne Arundel In Progress
Baltimore Complete
Carroll Complete
Cecil Complete
Charles Complete
Frederick Complete
Harford Complete
Howard In Progress
Montgomery In Progress
Prince George’s In Progress
Washington Complete
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D Discharge Characterization

SHA continues to research the impacts of
various controls on highway stormwater runoff.
Discharges to and from stormwater control
measures (SCMs) and other trestment methods
are measured and analyzed. Over the permit
term, we have investigated several areas of
concern including:

e Crassswales
Thermal impacts
Pollutant removal efficiencies
Urban runoff
Wet infiltration
Bioretention soil
Sand filters
Outfall Stabilization

Typically, the pollutants measured include:
° pH
Temperature
Total suspended solids (TSS)
Nutrients
0 Total phosphorus (TP)
0 Total Kjeldahl nitrogen (TKN)
0 Oxidized nitrogen
Heavy metals (total)
0 Copper (Cu)
0 Lead (Pb)
0 Zinc(Zn)
e Chlorides

In some instances, other monitored parameters
include oil, grease, peroleum, and other
hydrocarbons; turbidity; and fecal coliforms.

To ensure consistency, test methods adhere to
standards specified by Federal Regulations under
CFR 136. Auto-samplers are used as much as
possible since it is difficult to determine exactly
when and where precipitation events will occur
and to allow sufficient travel time to sampling
locations..

The data from our research efforts and discharge
characterization activities may be used towards
new designs and evaluations of both existing and
proposed SCMs. The information is also used to
assess the effectiveness of current SWM  asset

function and can inform future implementation
strategies and long-term decisions..

Characterization of SHA highway runoff was
completed in the previous permit term (1999 to
2004) and results were reported in the following
documents.

Annual Report: Pindell School
Sampling, KCI, March 7, 2000.

Road Storm

National Highway Runoff Sudy: Comparison to
MSHA Sampling Results, KCI, December 2001.

Dulaney Valley Road 1-695 Interchange Stream
Monitoring at the Tributary to Hampton Branch,
KCI, Annual Reports dating 2000 to 2003.

Research activities that were completed during
this permit term (2005-2010/15) and reported in
previous annual reports include the following.

First Annual Report (October 2006):

Low Impact Development [mplementation
Sudies in Mt. Rainier, MD, University of
Maryland, December 2005.

Grassed Swale Pollutant Removal Efficiency
Sudies (Part I — MDE/SHA Swale
Comparison), University of Maryland, October
2006.

Mosquito Surveillance/Control  Program  for
SWM  Facilities in Baltimore, Howard,
Montgomery and Prince Georges Counties
(2003-2005), Millersville University, October
2006.

Second Annual Report (October 2007):

Grassed Swale Pollutant Removal Efficiency
Sudies (Part 1l — Grass Check Dams),
University of Maryland, August 2007.

Literature Reviev: BMP Efficiencies for
Highway and Urban Sormwater Runoff,
Progress Report, University of Maryland,
September 2007.
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Underground SWVM Thermal Mitigation Studies,
Progress Report, University of Maryland, August
2007.

Prediction of Temperature at the Outlet of
Sormwater Sand Filters, Progress Report,
University of Maryland, August 26, 2007.

Third Annual Report (October 2008):

Grassed Swale Pollutant Removal Efficiency
Sudies: Field Evaluation of Hydrologic and
Water Quality Benefits of Grass Swales with
Check Dams for Managing Highway Runoff
(Part 1l continuation), Progress Report,
University of Maryland, October 2008.

Thermal Impact of Underground Stormwater
Management Storage Facilities on Highway
Sormwater Runoff, Progress Report, University
of Maryland, October 2008.

Fourth Annual Report (October 2009):

Field Evaluation of Water Quality Benefits of
Grass Swnale for Managing Highway Runoff
(Part 1l — Grass Check Dams), Progress Report,
University of Maryland, July 2009.

Nutrient Removal Optimization of Bioretention
Soil Media, Progress Report, University of
Maryland, August 2009.

Field Evaluation of Wet Infiltration Basin
Transitional Performance, Progress Report,
University of Maryland, August 2009.

Fifth Annual Report (January 2010):

Field Evaluation of Water Quality Benefits of
Grass Swale for Managing Highway Runoff,
Progress Report, University of Maryland, July
2009.

Field Evaluation of Wet Infiltration Basin
Transitional Performance, Progress Report,
University of Maryland, August 2009.

Nutrient Removal Optimization of Bioretention
Soil Media, Final Report, University of
Maryland, September 2010.

Annual Report Update (October 2011):

Although there were no reports or findings that
were included, new studies on enhancing
nitrogen and phosphorus removal in existing and
proposed SWM facilities wereinitiated and work
on the field evaluation of wet infiltration basin
transitional performance continued.

Annual Report Update (October 2012):

Field Evaluation of Wet Infiltration Basin
Transitional Performance, Progress Report,
University of Maryland, July 2012.

Management of Nitrogen in Sormwater Runoff
Using a Modified Conventional Sand Filter,
University of Maryland, August 2012.

Denitrification Optimization in Bioretention
Using Woodchips as a Primary Organic Carbon
Source, First Year Progress Report, University of
Maryland, July 2012.

Annual Report Update (October 2013)

Final Report: Evaluation of Transtional
Performance of an Infiltration Basin Managing
Highway Runoff, University of Maryland, 2012

Final Report: Advanced Denitrification in
Bioretention Systems Using Woodchips as an
Organic Carbon Source, University of
Maryland, 2013

Management of Nitrogen in Sormwater Runoff
Using a Modified Conventional Sand Filter and
Enhancements for N and P Removal from
Sormwater Management Facilities for Multi-
Modal  Transportation Infrastructure in
Maryland, University of Maryland, 2013

Multi-Criteria Plant Selection for Vegetated
Sormwater Control Measures, University of
Maryland, 2013

Annual Report Update (October 2014)
Final Report: Recommendations for the Sate

Highway Administration on Sormwater Control
Measures and Research Efforts for Multimodal
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Transportation Infrastructure in Maryland that
Promote More Effective and Sustainable
Sormwater Runoff Management. University of
Maryland, 2014

Final Report: Advanced Denitrification in
Bioretention Systems using Woodchips as an
Organic Carbon Source. University of
Maryland, 2014

Ongoing Studies

Current research continues and progress is
discussed below.

Management of Nitrogen in Stor mwater
Runoff Using a M odified Conventional Sand
Filter

The surface sand filter is a common SWM
facility type that was frequently used between
2003 and 2010. They continue to be a popular
choice when conditions are appropriate for its
use, such as the means of SWM for salt barn
facilities. However, sand filters are not
necessarily an optimal choice for reducing
nutrient concentrations in stormwater runoff.
Because of the number of sand filtersin our asset
inventory, and because we are interested in
techniques to enhance existing facilities to
increase nitrogen and phosphorus removal
efficiencies, the University of Maryland has
continued to examine ways in which nitrogen
removal may be improved in sand filter facilities.

To reduce nitrogen loading, the proposed design
divides the sand filter into three zones to
promote ammonification, nitrification, and
denitrification.  Nitrification was observed to
automatically occur during low nitrogen loadings
and dry periods, without any modifications to
sand filter design. However, to achieve adequate
media contact time for key biological
denitrification processes to occur, sorptive
materials must be incorporated into the sand
filter bed.

The first phase of the project focused on the
selection of adsorbents to increase the uptake of
ammonium.  Clays, recycled materials, and
sands were selected for study. The time

necessary for sorption to reach equilibrium with
these materials was found to be 24 hours.
However, due to the low sorption capacity and
instability in the structure of clay agglomerates,
testing of Georgia attapulgite and brown
montmorillonite soils were abandoned. Sorption
tests continued with California aluminosilicate
(CA), crushed brick (BR), red montmorillonite
(MR), and clinoptilolite zeolite (ZT). The
sorption capacity of ZT was found to be the
greatest of all adsorbents, followed by MR.

The second phase focused on small scale column
studies for the sorption of ammonium to provide
more comprehensive  determinations  on
adsorbent performance. Based on the results, the
column studies were expanded for further study
in the third phase to better examine nitrification
and sorption simultaneously to quantify the rate
of nitrification and determine the optimum media
thickness.

In the third phase, it was found that zeolite added
to sand results in greater nitrogen removal.
However, the presence of road sdlts, often a
result of winter deicing operations, significantly
impairs and diminates the enhanced nitrogen
removal capacity of the zeolite Even without
the presence of road salts, the enhancement only
appearsto be viable for about 18 months.

In the fourth phase, it was found that the media
mix, depending on the additive used, may last
from 5 to 108 months. This estimated value also
depends on roadway deicing operations and the
amount of chlorides released. It may also be
possible for the media to regenerate itsef
depending on the viability and health of
denitrifying biota living in the sail. A fifth phase
was recommended, but we were unable to obtain
funding to continue this study.

Enhancements for N and P Removal from
Stormwater Management Facilities for Multi-
Modal Transportation Infrastructurein
Maryland: Multi-Criteria Plant Selection for
Vegetated Stormwater Control Measur es

The University of Maryland continues to
examine vegetation selection used in bioretention
and similarly-related vegetated SCMs (swales,
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bioswales, rain gardens, and planter boxes).
While current criteria for plant selection are
primarily based on survival, aesthetics and
context, there may be facility performance
benefits associated with specific plant species
that may be quantified.

In the relationship between plants and soils,
vegetation is known to help maintain soil
porosity through root building and decay,
promote nutrient extraction, and host beneficial
microbial consortia in the rizosphere. However,
we have found that during construction
activities, successful vegetation establishment
has also been a challenge, and we are concerned
that this may also affect facility performance as
well as aesthetic appeal and sustainability.

In phase one of the study, a full literature
synthesis and review was completed and several

Figure 1-5: Eupatorim dubium (Joe Pye
Weed)

Figure 1-6: Iris versicolor (Blue Flag Iris)

plant species were identified that appear to better
remove nitrogen (and various forms thereof),
phosphorus, hydrocarbons, and heavy metals.
Vegetation appears to offer other benefits as
well, such as providing habitats within SWM
facilities along with shade, which may reduce
thermal impacts to waterways. However, some
vegetation may not meet expected aesthetic
appeal. Specifically, it appears that Eutrochium
(Joe Pye) species, Iris versicolor, Juncus effusus,
and Panicum virgatum are very hardy and
acceptable (see Figures 1-5 through 1-8.) Juncus
effusus tends to appear messy and may not be
suitable for high-visibility areas.  Panicum
virgatum may also get too tall and interfere with
sight-distance. Species that appear to
consistently fail to survive are llex verticillata
(winterberry), llex glabra ‘shamrock’, and
Onoclea sensibilis (sensitive fern)

Figure 1-7: Panicum virgatum (Switchgrass)

Figure 1-8: Juncus effusus (Soft Rush)
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The study continues its second phase, which was
extended a few more months to complete the
work.  Examination of plant species will
continue. The completion of a recommended
plant list, and possibly a recommended plants-to-
avoid list, is anticipated to be completed at the
end of phase two.

Evaluation of Compost Addition to
Stor mwater Control M easur e Per for mance

To simultaneously achieve the goals of greater
incorporation of recycled materials into our
projects as wdl as facilitate meeting new
requirements established by recent legislative
mandates, research continues with the University
of Maryland to examine how compost may be
used in SWM facilities.

Laboratory experiments to identify compost
leachate composition and concentrations were
performed, along with some initial experiments
to determine how the infiltration rate through
filter media may change with variable compost
concentrations that replace portions of the
shredded hardwood bark amounts. A final report
detailing findings and future research and study
needs will ultimately be generated. Preliminary
results indicate leachate in the forms of nitrogen
and phosphorus occurs, particularly in compost
derived from biosolids and manure.

NASA Satellite Imagery for Highway Runoff
Stormwater M anagement Potential

This Project utilizes geospatial technologies
(GST) with emphasis on Remote Sensing (RS) to
process and analyze images from the National
Aeronautics and Space Agency (NASA) Public
Domain databases to enhance stormwater
management (SWM) system for Maryland's
State Highway Administration (SHA). Through
this Project, GST methodologies will be
developed (a non-invasive technique) to optimize
the effectiveness of Highway Runoff Stormwater
Management Potential (HRSMP) systems
thereby reducing the negative environmental
impacts to properties and financial cost to SHA.

datasets will complement the remotely sensed
datasets in order to improve the accuracy and
integrity of the GST Methodologies. The
Environment for Visualizing Images (ENVI) will
form the major RS image processing software
(as shown in Figure 1-9), while ArcGIS will be
the core GIS software for this Project. Trimble's
Handheld DGPS will be used for field
verification activities (ground truthing) and other
related in Situ activities. Landsat Multispectral
Scanner (MSS), Thematic Mapper (TM), and
Enhanced TM will be utilized in this Research
because of their multispectral/multitemporal
characteristics. Finally, this Project will enable
SHA to realize substantial reductions in highway
project delivery time and meet its obligations to
both State and Federal agencies. The study isin
the final stages, and a final report is expected to
be complete within the next reporting period.

Figure 1-9: ENVI Software showing Visualizer
Feature Extraction

New Studies

New studies have also been initiated, or are
about to beinitiated, and are as follows.

Street Cleaning Resear ch

Both street sweeping and inlet cleaning
operations are credited by MDE for NPDES and
TMDL compliance as an alternative BMP.
Street sweeping credits are well defined;
however, inlet cleaning credit depends on an

Geographic Information System (GIS) and ; .
Differential Global Positioning System (DGPS)  &timate of the foad removed.  SHA s
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undertaking an assessment of its operations to
determine the appropriate level of credit from
this practice and to collect information that could
support enhancements to the existing credit
allowed by MDE.

A prime chalenge of meeting TMDL
requirements is the mandate to quantify the
pollutants captured and removed from inlets and
road surface. Defining the composition of those
captured solids is of major interest for SHA for
compliance planning, implementation, and
reporting. The results of this analysis will assess
and recommend how SHA can optimize their
inlet cleaning operations to maximize nutrient,
sediment, and trash load reduction credits under
MDE'’s current MS4 Guidelines.

Outfall Stabilization Sediment
Credit Analysis

SHA is currently studying an alternative outfall
credit protocol to more accurately predict TMDL
credit for outfall restoration projects, and will be
made available once complete. Outfall channels
arefirst order channels with direct infrastructure
interface. Previous studies found that a majority
of material eroded from first order streams is not
stored in the valley bottoms of second- to