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Mr. Brian Clevenger
Sediment, Stormwater and Dam Safety Program
Water Management Administration
Maryland Department of the Environment
1800 Washington Blvd., Suite 440
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Brisre
Dear Mr. Clevenger:

We are pleased to submit this annual report for the third year of the current NPDES Phase 1
MS4 permit. This work represents the commitment and hard work of many individuals within
our organization and the consultant community. It also represents the SHA commitment to an
environmental ethic within our organization as we seek not only to remain in compliance with
this important program and permit, but to further efforts to restore Maryland’s waterways and the
Chesapeake Bay.

We look forward to the coming year and continued growth of our program as well as the
partnership between our two agencies. Should you have questions or require additional
information, please contact me at (410) 545-8390 or our NPDES coordinator, Ms. Karen
Coffman, at (410) 545-8407.

Singerely,

M vla }/Lm

Karuna Pujara, Chief
Highway Hydraulics Division
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CC: Ms. Dana Havlik
Mr. Brandon Scott
Mr. Michael Stewart
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Executive Summary

The Maryland State Highway Administration
(SHA) is submitting this third annual report for
the NPDES Phase | Municipal Separate Storm
Sewer System (MS4) permit that was issued in
October 2005 by the Maryland Department of
the Environment (MDE) Water Management
Administration (WMA). This annual report
covers the time period October 2007 to
September 2008. A summary of the permit
conditions and our work toward meeting them is
provided below as a general overview of SHA
permit activities for this report period.

Source ldentification — Work on the last
two Phase | counties, Carroll and Charles, was
completed. This completes our source
identification requirement for this permit term, a
full year prior to the deadline. Work also
continues on our NPDES GIS viewer tool that
will enable all users to access the data.
Impervious accounting efforts also continue with
four more counties completed, Anne Arundel,
Carroll, Frederick and Montgomery.

Discharge Characterization - We
continue to investigate and research topics in
order to maximize water quality in our
construction methods, permanent stormwater
runoff controls, decisions in design, and location
of roadways and maintenance techniques. We
have extended the grass swale study for another
year. This study seeks to evaluate the affects of
native grass check dams on pollutant removal.
Two new studies have also been initiated. One
seeks to optimize our bioretention soil media and
the second looks at the functioning of infiltration
facilities that have transitioned to wetlands in
terms of quality and quantity stormwater
treatment.

Management Program - Our program
continues to effectively incorporate the many
permit components. While we have kept our
sights on the development of the new
environmental site design regulations, we have
continued to measure our performance in areas
of erosion and sediment control during

construction. We are also continuing to work
towards our internal business goal of maximizing
the number of functionally adequate stormwater
facilities statewide.

Our many training programs have been
augmented with several new initiates including
an environmental ethic project that has been
undertaken by the Advanced Leadership
Program Class of 2009. This project seeks to
instill an environmental ethic within SHA both
organizationally and for individual employees.
Other new initiatives include the formation of a
high-level environmental advisory committee
that meets with SHA senior managers several
times a yea, a new SHA Recycles campaign and
participation in the annual SHA Performance
Excellence Training Conference (PETC).

Another important initiative is a pilot to place the
operations and maintenance responsibilities for
permanent stormwater management facilities
with a private company. A design build
operations and maintenance (DBOM) contract
was let for bid for facilities within Charles
County.

Watershed Assessment - Coordination
with local NPDES jurisdictions continues. We
are also moving forward with water quality sites
within the Patuxent River Watershed. In
partnership  with the Green  Highways
Partnership and the Conservation Fund’s Green
Infrastructure Initiative, we have developed a
stormwater watershed study for the US 301
project that seeks to predict water quality affects
of the proposed alternates on sensitive
watersheds in Prince George’s and Charles
Counties. Work continues on the EPA Green
Highway grant in developing an implementation
framework for watershed-based stormwater
design within SHA.

Watershed Restoration - Of the fifty-two
retrofit sites SHA has developed, ten have been
completed, twenty-eight are in construction and
fourteen are in design. Overall, 453 acres of
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impervious surfaces are treated by these retrofit
projects that include upgrading stormwater
facilities and stream stabilization or restoration
efforts.

Assessment of Controls - Despite
unwavering support from the City of
Gaithersburg and the local community, the Long
Draught Branch stream restoration project had to
be cancelled because we were unable to obtain
support from various environmental agencies. A
detail of events and the final monitoring report
are included. We have replaced this effort with
the infiltration basin transitional study mentioned
under discharge characterization, above.

Program Funding — Our NPDES program
remains a fully funded.

Total Maximum Daily Loads - By
remaining in compliance with this permit, SHA
is controlling stormwater pollution to the
maximum extent practicable. SHA is also
developing an implementation strategy to
address inclusion of pollutant loadings and waste
load reductions into future permit requirements.
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PART ONE

Standard Permit Conditions and Responses

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 one 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
current permit (99-DP-3313, MD0068276,
issued October 2005) focuses on improving
water quality benefits and developing a
watershed-based  outlook  for  stormwater
management and NPDES program elements.

This is the third annual report for the re-issued
permit. Part One of the report lists the permit
conditions and explains SHA activities over the
last year in compliance with each condition.
Wherever possible, future activities and
schedules for completion are provided. In depth
discussions for some of the major program
components follow this section.

A Administration of Permit

Administration responsibilities of the NPDES
MS4 permit for SHA is listed below and an
organizational chart is attached as Figure 1-1.

Ms. Karen Coffman

SHA NPDES Coordinator
Highway Hydraulics Division
(410) 545-8407
kcoffman@sha.state.md.us

NPDES Industrial Permits and associated
activities are coordinated by:

Ms. Sonal Sanghavi

Director

Office of Environmental Design
(410) 545-8640
ssanghavi@sha.state.md.us

B Legal Authority

A description of the legal authority maintained
by SHA was restated in the first annual report
dated October 21, 2006.

C Source Identification

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 | MS4 counties. The
geodatabase containing all our hydraulic assets
within theses counties as well as inspection data
for stormwater management facilities and
outfalls is included on the attached CD. Our
source identification effort is now focused on
periodically updating our geodatabase.

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. SHA is
continuing to pursue evaluating our impact on
waterways in terms of roadway functional
classification and traffic volumes. We are also
actively pursuing ways to predict our pollutant
loadings.

10/21/2008
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Organizational Chart

Governor of

- i Maryland
Showing Responsibility for the Storm Water NPDES Program y
OCtOber 2007 Secratary of Transportation
x State Highway Administrator State Roads
Chiet Gounsel, | —&—H Neil Pedersen |~~~ 7 Commission
COrffice of Office of Equal Office of Policy & o cEphultsrr édrrlinish'af(t:r." Deputy Administrator! Deputy Administrator for Finance,
Communications Opportunity Research P'IanrlIIE ;%neﬁf o Chief Enginear for Information Technology &
Dor:.lgg Sirrr;?'loss na Operations Administration
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Scnal Sanghavi Highway Hydraulics Division |+ Audits
Karuna Pujara
| + Engineering Districts (7)
NPDES Program Manager * Maintenance
e Loy * Materials & Technology
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| | | | « Construction
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Figure 1-1 Organizational Chart for NPDES Permit Administration
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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.l.a Complete Source Identification

SHA has completed the identification and GIS
development for our storm drain systems and
stormwater management facilities, well before
the October 21, 2009 deadline. Figure 1-2
summarizes the status of the source identification
effort by SHA. Specific information for Carroll
and Charles county efforts is included below.
Information on source ID updates for the
remaining counties is included under section
C.1l.c, Update Source ID Data.

Carroll County — The GIS development for this
county was completed in May 2008. The
number of post-construction stormwater facilities
identified is 41. The number of major outfalls
for illicit discharge screening is 104.

Phase of Source ID % Complete

Office Research 100
Field Research 100
GIS Development 100

Charles County — The GIS development for this
county was completed in May 2008. The
number of post-construction stormwater facilities
identified is 100. The number of major outfalls
for illicit discharge screening is 85.

Phase of Source ID % Complete

Office Research 100
Field Research 100
GIS Development 100

C.1.b Data Compatibility

SHA continues to provide data to the other
NPDES jurisdictions as well as acquire data
from them. The NPDES data generated by SHA
is in standard ESRI Geodatabase format and is
either  natively  compatible  with  other
jurisdictions, or can be exported to ESRI shape
file format.

Geospatial Database Development

SHA has developed a geospatial database for the
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. The
geospatial database is deployed using the ESRI
Geodatabase data format in an ArcSDE
enterprise environment. All of the SHA NPDES
data including source identification, BMP
inspections, outfall screening, outfall
inspections, and impervious area are currently
housed in the database.

Updates to the data continue to be performed on
a county or district wide basis. The data
management and update process is performed
using ESRI technology and custom developed
applications specific to the SHA data model.
SHA has focused on developing a simple data
management architecture that allows for the
checking out of versioned databases to NPDES
team members for updates. The versioned
database can be either edited by a custom office
editing application, or, deployed to the field with
a custom field editing application.  Draft
documentation for the update process and user
guides for the applications can be found in
Appendix C.

1-4
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NPDES GIS Viewer Application

A GIS viewer application tool is being
developed to utilize the power of the enterprise
GIS server and allow SHA to manage these
assets effectively. It will consist of a number of
modules and is being developed, a module at a
time, according to the list below. Table 1-1 lists
percent complete for each module.

o GIS Viewer — web-based application that
will allow SHA personnel, NPDES
jurisdictions and other users to access our
data. The viewer application will allow SHA
staff to view, analyze, and query the storm
drain, cross culvert and stormwater facility
GIS data as well as manage updates. Access
to the viewer from outside jurisdictions may
not be immediately available as we work
through firewall issues.

e Stormwater Facility Program Module —
facilitates the management of the BMP
inspections, maintenance, remediation or
enhancement.

e BMP Numbering Module - facilitates
generating and maintaining unique BMP
numbers in a secure, automated manner.
Unique BMP numbers are generated
individually or en-mass depending on the
end-users needs.

o |IDDE Module - allows tracking of NPDES
outfall screening, illicit discharges, reporting
and elimination efforts.

o Water Quality Bank/ Impervious Account-
ing Module - tracks the impervious
accounting by SHA district and 6-digit
watersheds and  facilitates  updating
impervious layers as new projects and
stormwater management facilities are built.

e OQutfall & Storm Drain Inspection &
Remediation (SOIRP) Program Module -
facilitates the management of the storm drain
and outfall inspection data, maintenance,
remediation or enhancements.

Table 1-1 NPDES GIS Viewer
Development Progress

Phase of Development % Complete

NPDES GIS Viewer Platform 80
SWM Program Module 5
BMP Numbering Module 80
IDDE Module 0
WQ Bank/Imp. Accounting 30
Module

Qutfall Program Module 0

GIS Standard Procedures Manual

We are continuing to develop our standard
procedures which document data collection,
inspection and data management standards for
our NPDES data. The outline for the standard
procedures is as follows:

Chapter 1: Introduction

Chapter 2:  Source Identification & Inventory

Chapter 3: BMP Field Inspections & Data
Collection Procedures

Chapter 4: Storm Drain & Outfall Inspection
Procedures

Chapter 5: Illicit Discharge, Detection &
Elimination Procedures

Chapter 6: Data Management

Chapter 7: BMP Assessment Guidelines for

Maintenance & Remediation

The focus over the last year was to update the
source identification (Chapter 2), and illicit
discharge, detection and elimination standards
(Chapter 5). We also focused on beginning to
draft the data management standards (Chapter 6)
and the BMP remediation standards (Chapter 7).
Drafts of each of these chapters are included in
the appendices.

GIS Development Workshops

Over the last year upgraded our workshops for
training our GIS developers and inspectors on
SHA NPDES GIS standards and MS4 permit
conditions.  Our next step in improving the
training is to develop self-training tools that will
enable the field and office personnel to view
training material on their own without the need
for formal workshops.

10/21/2008
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The modules that have been developed include:

Source 1D procedures

IDDE Field training

Outfall stability inspection

BMP inspection

GIS Data Management and Geodatabase.

Workshops were held February 27 and 28, 2008
that included source identification and GIS data
management. Workshops were held December
11 and 12, 2007 for IDDE field training, outfall
stability and stormwater BMP inspections.

C.lc

Since the initial source identification is complete
for all the NPDES MS4 Phase | counties, the
permit activity for this condition will focus on
updating the source data. Source identification
updates are performed on completed counties
every three years or once the maintenance and
remediation efforts are complete. Additional
storm drain infrastructure and BMPs are
identified and added to the databases. Future
updates will be performed according to Table 1-
2. The following county database updates are in
progress:

Update Source ldentification Data

e Prince George’s,
e Anne Arundel.

Table 1-2. Source ID Update Schedule

Source ID 2
County Complete | 1% Update Update
Howard 01/2001-C  01/2005-C ~ 11/2008
Montgomery 01/2001-C  09/2006-C 09/2009
Anne Arundel 08/2003-C  8/2008-I
Prince George’s  03/2003-C  9/2008-1
Baltimore 03/2004-C 11/2008
Harford 08/2005-C 01/2009
Frederick 09/2006-C ~ 09/2009
Carroll 05/2008-C
Charles 06/2008-C
Note:  Bold text is actual completion dates (-C) or

actual initiation dates (-1).
Italicized text is projected initiation dates.

Information for each county is listed below in the
order in which the original source identification
efforts were completed:

Howard County - The initial inventory,
database and GIS model of drainage features
were completed in January 2001. Updates to the
database and GIS model were completed in
January 2005. The current number of post-
construction BMPs identified for this county is
247.  Number of major outfalls for illicit
discharge screenings is 153.

Montgomery County - The initial inventory,
database and GIS model of drainage features
were completed in January 2001. Updates for
the database and GIS model were completed in
September 2006. The current number of post-
construction stormwater BMPs identified for this
county is 267. Number of major outfalls for
illicit discharge screenings is 194.

Anne Arundel County - The initial inventory,
database and GIS model of drainage features
were completed in August 2003.  Source
identification efforts to update our GIS
information have begun for this county. All
available as-built construction drawings were
researched and will be field verified.

An additional 189 stormwater management
facilities have been identified as being
constructed in the county since August 2003
bringing our current estimate of BMPs to 613.

Phase of GIS Updates % Complete

Office Research 98
Field Research 5
GIS Development 1

The completed updated GIS development is
anticipated by December 2009.

Prince George’s County — The inventory,
database and GIS model of drainage features
were completed in March 2003.  Source
identification efforts to wupdate our GIS
information have begun for this county. All
available as-built construction drawings were
researched and will be field verified.

1-6
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An additional 82 stormwater management
facilities have been identified as being
constructed in the county since March 2003
bringing our current estimate of BMPs to 263.
Number of major outfalls for illicit discharge
screenings is 44.

Phase of GIS Updates % Complete

Office Research 98
Field Research 1
GIS Development 1

The completed updated GIS development is
anticipated by October 2009.

Baltimore County — The inventory, database
and GIS model of drainage features were
completed in March 2004. The current number
of post-construction BMPs identified for this
county is 167. Number of major outfalls for
illicit discharge screenings is 262.

Harford County — The inventory, database and
GIS model of drainage were completed in
August 2005. The current number of post-
construction stormwater BMPs identified for this
county 109. Number of major outfalls for illicit
discharge screenings is 48.

Frederick County — The inventory, database
and GIS model of drainage features were
completed in August 2006. The current number
of post-construction stormwater BMPs identified
is 75. Number of major outfalls for illicit
discharge screenings is 85.

Carroll County — The GIS development for this
county was completed in May 2008. The
number of post-construction stormwater facilities
identified is 41. The number of major outfalls
for illicit discharge screening is 104.

Charles County — The GIS development for this
county was completed in May 2008. The
number of post-construction stormwater facilities
identified is 100. The number of major outfalls
for illicit discharge screening is 85.

C.1.d Submit Source ldentification Data

Examples of the source identification data for
Charles and Carroll counties were included in the
2007 report and examples for the other counties
was included in the 2006 report.  Since
examples of our data for the nine counties have
been delivered previously, no examples of source
data are included in this report.

C.2 Submit BMP Data

Data is included on the enclosed CD for the
Urban BMP database (Table B) according to Part
IV and Attachment A of the permit. We have
also included a copy of our entire geodatabase
with complete data for all nine counties.

C.3 Create Impervious 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 have focused our efforts over the last year on
implementing the impervious area accounting
process using Feature Analyst. Of the nine
NPDES Phase | MS4 counties, all have been
completed with the exception of Prince George’s
county. Prince George’s county is anticipated to
be completed in May 2009.

Work Plan

The approach we have taken in meeting this
requirement is detailed below:

1. Pilot Studies — Completed. See the 2006
report for more information on these studies.

2. Impervious Layer Methodology Selection
— Completed. See the 2006 report for more
information on the feature analyst process.

3. Impervious Accounting Protocol — Under
development. See discussion below.

10/21/2008
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4. Schedule - Completed and successfully
executed.  One county remains to be
processed.

5. Implementation — Impervious surface layers
are currently being developed. See
discussion below.

6. Annual Reporting — We have provided
information here to track our progress.

Impervious Layers

IN 2007, we reported the completion of four of
the nine impervious surface layers: Charles,
Howard, Harford, and Baltimore. This year, we
have developed an additional four layers: Anne
Arundel, Frederick, Carroll and Montgomery.
Maps of the new layers are included in Appendix
D. We also included a map of the Charles
county layer with BMP drainage areas since the
map in the 2007 report did not have the drainage
areas delineated. Prince George’s county is
under development.

We have also determined the amount of
impervious being treated by stormwater
management  structural  facilities for the
completed counties. Pavement being treated by

grass swales or other non-structural measures are
not accounted for at this time. Because these
layers are generated through a process that reads
the photogrammetry, there are inaccuracies. But
as a general quantity representing the amount
SHA owns within an entire county, we feel it is a
good estimate.

Figure 1-3, below illustrates the relationship
between SHA impervious surfaces along with
the amount that is being treated by structural
stormwater BMPs. Table 1-3 lists the actual
accounting numbers and percentages associated
with each county.

The challenge is to keep the impervious layers
and BMP treatment accounting updated as new
impervious areas and stormwater management
facilities are built.

Impervious Accounting Protocol

The impervious accounting protocol is the
methodology for developing impervious surface
layers and then accounting for the stormwater
treatment of the various categories of impervious
surfaces that SHA deals with. A draft protocol
has been developed and was included in the 2007
report.

1-8
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Figure 1-3 SHA-Owned Impervious Surface Treatment in 8 NPDES Counties

Table 1-3. SHA Impervious Accounting
Total SHA Percent SHA

Untreated SHA Treated SHA Impervious in Impervious

Impervious (AC) | Impervious (AC) County (AC) Treated
Charles 1364 57 1421 4.2%
Howard 1982 229 2211 11.6%
Harford 1949 129 2078 6.6%
Baltimore 3718 236 3954 6.3%
Frederick 2166 187 2353 8.6%
Anne Arundel 3162 633 3796 20%
Carroll 1286 44 1330 3.4%
Montgomery 2882 546 3428 18.9%

Prince George’s = S - -

Note: Numbers current to 10/2008. Treatment is by structural BMPs.

will allow us to track our progress in treating
The procedure for importing new impervious stormwater runoff from impervious surfaces
surface information from Microstation CADD  without having to rerun the Feature Analyst
files to the GIS layers is under development. models repeatedly.
Once complete and implemented, this process
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The final protocol will address these remaining
issues:

o Define ‘Stormwater Treatment’” — This
issue seeks to tie down what is meant by
stormwater treatment and the types of BMPs
that are recognized as providing treatment.
Specifically the questions of structural
versus non-structural BMPs and water
quality versus quantity will be addressed.

Because SHA often enters into agreements
with adjacent developers to share stormwater
facilities, impervious surfaces not owned by
SHA are often treated by SHA stormwater
BMPs. Also, SHA impervious may drain to
facilities owned by others without any
agreements. For this reason, we have added
two additional categories of impervious
surfaces to be considered in our impervious
accounting: non-SHA impervious treated by
SHA and SHA impervious treated by others.

Categories of impervious treatment include:
1. SHA Impervious Not Treated,
2. SHA Impervious Treated
a. Structural BMP Treatment
b. Non-structural Treatment (Not shown
on Figure 1-3 or Table 1-3.)

7. Non-SHA Impervious Treated by SHA
BMP. (Not shown on Figure 1-3 or Table 1-
3)

a. SHA Structural BMP Treatment
b. SHA Non-Structural Treatment

8. SHA Impervious Treated by Others (Not
shown on Figure 1-3 or Table 1-3.)

a. Other Structural BMP Treatment
b. Other Non-structural BMP Treatment

e Integrate into Water Quality Bank -
Impervious accounting will be integrated
with tools developed to track the current
SHA/MDE water quality banking agreement
and process.

e Standard Accounting Procedures — This
entails anticipating all contingencies and
identifying methods to address them. An
example of a contingency that falls outside
the defined standard condition is acres of

non-SHA owned impervious area treated by
SHA BMPs and SHA requests that credit be
allowed to offset SHA impervious that is not
treated. Another would be SHA impervious
that is treated by a facility owned by another
entity.

e Quality Assurance -
assurance mechanisms.

Develop quality

e User Documentation — Develop process,
database and GIS user documentation.

D Discharge Characterization

This current permit term looks at scrutinizing the
available MDE dataset compiled from eleven
NPDES jurisdictions and other research
performed nationally to improve stormwater
management programs and develop watershed
restoration projects. We are continuing our
efforts to understand stormwater runoff
associated with highways by reviewing available
literature and studies on the subject and by
conducting studies to further our understanding.

Current Studies by SHA

The following studies are currently under
progress by the University of Maryland,
Department of Civil Engineering, and progress
reports are contained in the appendices as noted:

e Grassed Swale Pollutant Removal Efficiency
Studies — Part Ill. This study looks at the
affect of installing check dams that are
composed of native warm season grasses
into the previously studied swales. Because
native grasses have extensive root systems
and encourage other soil processes, it was
deemed useful to analyze the affects these
grasses would have on our study swales and
pollutant removal. The latest progress report
is provided as Appendix E.

We encountered several problems with
sustaining the grasses. Because the grasses
have not had adequate time for their roots to
establish, we are extending this study into
summer 2009. We think this will give a
better understanding of the affects the
grasses have on the water quality removal
capabilities of these grass swales.

1-10
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Figure 1-4 Rooting Depths of Various Native Grasses

Two new studies are being undertaken.

Develop Optimum Mix for Bioretention Soil
Media — This study was initiated in August
2008. Although new research continues to
address arising challenges, bioretention is
still a very immature technology and a
number of problems and questions remain.
One focal point of several questions
concerns the media employed in the
bioretention facility. The media controls
many of the critical performance functions in
bioretention (filtration, infiltration,
adsorption, microbial substrate, vegetative
support), yet we are far from having a good
understanding about the critical design and
operation components of the media and the
resulting performance.

Currently, no universal bioretention soil
media (BSM) specification exists, even

Environment all have different requirements.
Yet none of these specifications are based on
direct performance information. This study
seeks to develop a BSM mix that can be
utilized by all jurisdictions.

Because this study was recently initiated, no
progress report is included at this time.

Wet  Infiltration  Basin  Transitional
Performance Studies — This study was
initiated in August 2008. One particular
practice of interest to SHA is the infiltration
basin.  Over the past few decades, a
multitude of infiltration basins have been
constructed for stormwater management.
Inspections have shown that these infiltration
basins are no longer functioning as originally
intended and designed and that a separate
ecological function appears to have
developed. These practices have gradually
transformed into wetland-like practices that

throughout the state of Maryland. SHA, appear to have both water quality and
Prince Georges County, Montgomery hydrologic management functions.
County, and the Maryland Department of the
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Therefore, rather than a failure, these sites
should be classified as functioning,
stormwater management practices and this
study seeks to develop evidence to this end.

As the Stormwater Act of 2007 encourages
Environmental Site Design (ESD), it can be
expected that use of infiltration trenches and
basins may increase. Because this study was
recently initiated, no progress report is
included at this time.

Previously Completed Studies by SHA

The following studies have been completed by
SHA and were included in previous annual
reports:

e Literature Review: BMP Efficiencies for
Highway and Urban Stormwater Runoff — A
progress report is provided was as Appendix
F of the 2007 report. This literature search
looked at current available resources for
evaluating the effectiveness of stormwater
management technologies in removing
pollutants and methodologies for evaluating
this effectiveness.  The report included
information on reporting parameters of

BMPs, grass swale, bioretention, basins,
vegetated buffer strips, sand filters and
wetlands.

e Low Impact Development Implementation
Studies at Mt. Rainier, MD, October 2006.

o Grass Swale Study — Part 11, October 2006.

The following studies were completed by SHA
during the previous permit term:

e Annual Report: Pindell School Road Storm
Sampling, KCI, March 7, 2000;

e National Highway Runoff Study:
Comparison to MSHA Sampling Results,
KCI, December 2001;

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

Additional Resources

The following additional resources were listed in
the 2007 report and SHA is continuing to review
and digest the information contained in them in
order to improve our processes and to
strategically move our program forward:

Highway Runoff Discharge Characterization

e The National Runoff Data and Methodology
Synthesis, Publication No FHWA-EP-03-
054 -055, -056, 2003.

Stormwater Best Management Practices

e Evaluation of Best Management Practices
for Highway Runoff Control, NCHRP Report
565.

e Controlling Urban Runoff: Practical
Manual for Planning and Designing Urban
BMPs, Metropolitan Washington Council of
Governments, 1987.

Deicing Materials

e Guidelines for Selection of Snow and Ice
Control Materials to Mitigate Environmental
Impacts, NCHRP Report 577.

e Assessing the Role of Road Salt Run-off on
the Critical Ecological interactions that
Regulate Carbon Processing in Small,
Headwter Streams in the Chesapeake Bay
Watershed, Chris Swann, MWRRC, 2006.

e Pollutant Mass Flushing Characterization of
Highway Stormwater Runoff from an Ultra-
Urban Area, Flint and Davis, June 2007.

e Choosing Appropriate Vegetation for Salt-
Impacted Roadways, Center for Watershed
Protection Technical Note # 56.

e Rating Deicing Agents: Road Salt Stands
Firm, Center for Watershed Protection
Technical Note # 55.

e Increased Salinization of Fresh Water in the
Northeastern United States, Kaushal,
Groffman, Likens, Belt, Stack, Kelly, Band
and Fisher, August 2005.

1-12
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Total Maximum Daily Loads

e Maryland’s 2006 TMDL Implementation
Guidance for Local Governments, Maryland
Department of the Environment, 2006.

e Maryland’s Chesapeake Bay Tributary
Strategy Statewide Implementation Plan,
Watershed  Services Center, Maryland
Department of Natural Resources, August 2,
2007.

Illicit Discharges

e Methods for Detection of Inappropriate
Discharges to Storm Drainage Systems,

Robert  Pitt, University of Alabama,
November 2001.

o lllicit Discharge, Detection and Elimination:
A Guidance Manual for Program

Development and Technical Assessments,
Center for Watershed Protection, October
2004.

Watershed-Based Strategies

. N @Wg Water Quality Analyses for

NEPA Documents: Selecting Appropriate
Methodologies, AASHTO & NCHRP, July
2008

e A User’s Guide to Watershed Planning in
Maryland, Center for Watershed Protection,
December 2005.

e \Watershed-Based National Pollutant
Discharge Elimination System (NPDES)

Permitting  Implementation  Guidance,
Environmental Protection Agency,
December 2003.

Using the literature and research documented
above, we are pursuing further understanding of
the pollutant removal capabilities of the various
BMPs discussed in the 2000 Maryland
Stormwater Design Manual as well as other
innovative stormwater management techniques.
We are also pursuing understanding of pollutants
and their transport and uptake mechanisms,
watershed based emphasis to stormwater and the
efforts by Maryland to achieve watershed level
restoration.

Projact No. 2525 Task 15 CapyNa

Final Report

Water Quality Analyses
for NEPA Documents:
Selecting Appropriate Methodologies

Frepared for
Trangportation Research Board
and
National Cooperative Highway Research Program
Prepared by

Parsons Brinckerhoff

Chin Lien, P.E.
Jason Yazawa, AICP
Regina Williams

July 2008

Study Utilized in Developing US 301
Analyses Methodologies

E Management Program

A management program is required to limit the
discharge of stormwater pollutants to the
maximum extent practicable. The idea is to
eliminate pollutants before they enter the
waterways. This program includes provisions
for environmental design, erosion and sediment
control, stormwater management, industrial
facility maintenance, illicit connection detection
and elimination, and personnel and citizen
education concerning stormwater and pollutant
minimization.

E.1 Environmental Design Practices

The Maryland State Highway Administration has
a strong environmental commitment that will
only increase as the new Stormwater
Management Act of 2007 is implemented.
Through this legislation, emphasis will be placed
on the use of environmental site design (ESD)
techniques. We are actively participating in

10/21/2008

1-13



focus groups organized to develop regulations
and guidelines for implementing this law.

SHA also continues to adhere to processes that
ensure that environmental and cultural resources
are evaluated in the planning, design,
construction and maintenance of our roadway
network. This includes providing opportunity
for public involvement and incorporating context
sensitive design and solution principles. We also
ensure that all environmental permitting
requirements are met by providing training to
our personnel (see E.6.b below) and creating and
utilizing software to track permitting needs on
projects as they move through the design,
advertisement and construction processes.

NEPA/MEPA Process
Our National Environmental Policy Act/
Maryland Environmental Policy Act

(NEPA/MEPA) design and planning process,
includes environmental assessments for any
project proposed within SHA right-of-way or
utilizing state or federal funding. This includes
projects granted Transportation Enhancement
Program funds that are carried out by other
jurisdictions.  The environmental assessments
determine  the  direction  environmental
documentation must take, whether Categorical
Exclusion (CE), Finding of No Significant

Impact (FONSI) or Environmental Impact
Statement (EIS). Environmental assessments
include landuse considerations, water use

considerations, air use considerations, plants and
animals, socio-economic, and other
considerations.

Increasingly, SHA is evaluating stormwater
needs during the NEPA process. This movement
to timing stormwater concepts in planning has
affected our development process in several
ways. Beginning the stormwater process earlier
allows us to present more realistic concepts
during public meetings and allows us to more
accurately assess right-of-way needs.  The
drawback to this approach, however, can be that
assumptions made in terms of the stormwater
requirements may not be the final approved
requirements. This last affect can have negative
impacts on our permit approval process, public

expectations, right-of-way acquisitions and
design schedules. SHA encourages the
stormwater regulatory reviewers to participate in
the planning process by attending interagency
meetings, reviewing concept plans and providing
valid comments and concept approvals at the
planning stage in the design.

Effort is made to avoid or minimize
environmental  impacts. If impacts are
unavoidable, however, mitigation is provided
and monitored per regulatory requirements.

Environmental Research

In addition to the research studies mentioned
above in Section D, Discharge Characterization,
SHA is also pursuing research and development
studies to improve our understanding of the
impacts certain BMPs have on the environment.
The current study is:

e Thermal Impact of Underground Stormwater
Management Storage Facilities on Highway
Stormwater Runoff — The goal of the study is
to identify and document the thermal
reduction effects on stormwater in
underground storage facilities. Three sites
have been identified and monitoring
equipment has been installed at two of the
sites along 1-83 in Baltimore County.
Instrumentation has been installed to
measure temperature at the inflow and
outflow. Development of a predictive model
will be investigated. Additional information
for this study will be provided as it
progresses. A progress report is included in
Appendix F.

Completed Studies by SHA

e Mosquito Surveillance/Control Program -
This  three-year study conducted by
Millersville University for Maryland SHA
and the final report and conclusions were
included in the 2006 annual report. In this
study, SHA investigated the connection
between  West Nile  Virus (WNV)
transmission and stormwater management
facilities. West Nile viral encephalitis is a
zoonosis in which people and horses are
incidentally infected by mosquitoes that feed
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on both bird and mammalian hosts. No
further work on mosquito issues is planned at
this time as we are referencing the MD
Department of Agriculture site for additional
information and have consulted with them for
eradication efforts. The final report was
included as Appendix E of the 2006 annual
report.

e Prediction of Temperature at the Outlet of
Stormwater Sand Filters — This study was
begun in 2003 and the intent was to create a
computer model or a sand filter BMP that
will allow prediction of outlet temperature as
a function of time. The approach is physics
based, depending on energy and mass
balances, and heat and mass transfer
predictions. Rather than uniform flow, water
tends to flow in channels or fingers through
sand and other soils and this flow type is
called preferential flow. This preferential
flow resulted in less contact with sand
particles and less transference of heat from
the water to the sand. No further work on this
predictive model is planned at this time. The
final progress report was included as
Appendix H in the 2007 report.

E.2 Erosion and Sediment Control

Requirements under this condition include:

a) Use MDE's 1994 Standards and
Specifications for Soil Erosion and
Sediment Control, or any subsequent
revisions, evaluate new products for
erosion and sediment control, and assist
MDE in developing new standards; and

b) Perform responsible personnel (“green
card”) certification classes to educate
highway construction contractors
regarding erosion and sediment control
requirements. Program activity shall be
recorded on MDE's “green card” database
and submitted as required in Part IV of this
permit.

E.2a MDE ESC Standards
SHA continues to comply with Maryland State

requirements for permitting.  This includes
implementing the 1994  Standards and
Specifications for Soil Erosion for all projects.
We also comply with Federal NPDES
construction ESC requirements by continuing to
submit Notification of Intent (NOI) forms to
MDE for all projects that disturb one acre or
greater and by posting the resulting NPDES
Construction Permits at construction sites.

SHA has partnered with MDE in developing the
revised details and revisions to the ESC
standards document. We are actively providing
technical and CADD support and envision
publication in 2009 or 2010 for these revised
standards.

SHA ESC Quality Assurance Ratings

SHA continues to use our improved Quality
Assurance rating system for ESC on all roadway
projects. This effort improves field
implementation of ESC measures by including
an incentive payment to the contractor for
excellent ESC performance or imposes
liquidated damages on the contractor for poor
ESC performance.

SHA tracks QA inspections and ratings for
reporting to our business plan (see Figure 1-5).
Increased numbers of inspections and better
documentation have improved the overall
performance of our ESC program. Incentive
payments are made when the contractor receives
an ESC rating score of 85 or greater. This
incentive payment can be made quarterly (every
3 months) for projects that continue to receive 85
or greater ratings.

Liquidated damages are imposed on the
contractor if the project receives a ‘D’ or ‘F’
rating. If two ratings of ‘F’ are received on a
project, the ESC certification issued by SHA will
be revoked from the contractor’s project
superintendent and the ESC manager for a period
of six months and until they complete and pass
the certification training.  This system of
rewarding good performance and penalizing poor
performance is expected to greatly improve
contractor responsibility for ESC practices and

and Federal laws and regulations for erosion and impr:)vet_ Watte_r it quality  associated  with
sediment control (ESC) as well as MDE construction activities.
10/21/2008 1-15



. . . [ Avg Inspections/Project/Month B
SHA Business Plan Objective 5.4 Inspections Performed

Goal Avg. Inspections

800

250 +
g 20
$
] 2
5 S
x ©
[N
& 150 2
= “n
=] =
7] <
@
- g
£ 45 46 E
& 100 474 o~
o 41 417 3
w0 394 w
w
o 37 gl 6
>
=4

0.50

0.00

o1|caz!m3!cm m!cz!oamm @ o3 |o4| ot |2 | a3 |04 |Q | 2| a3 o4
FY 04 | FY 05 FY 06 FY 07 FY 08

Figure 1-5 Average ESC QA Inspections

1-16 Maryland State Highway Administration 10/21/2008
NPDES MS4 Phase I Annual Report



Limit of Disturbance (LOD) Stationing
Another improvement to our ESC efforts is that
we are now requiring designers to provide offsets
and stationing on the limit of disturbance (LOD)
on ESC design plans. This will give the
construction contractor information in order to
accurately stake out and place the LOD in the
field. Ultimately, this will provide better control
of project disturbance.

Quality Turf Improves Soil Retention

Turf Acceptance Standard

In order to ensure that quality turf is established
along SHA rights-of-way and thereby reduce
erosion and improve slope stability, the SHA
Landscape Operations Division (LOD) has
developed a turf inspection and acceptance
process. This process requires contractors to
meet minimum turf coverage percentages in
order to secure final release of the project for
maintenance and final payment to the contractor

At the time of semi-final inspection the turf on
the construction project is evaluated according to
the criteria below.

Areas flatter than 4:1 should exhibit;

- 95% coverage of Permanent Seed Mix or
Sericea lespedeza or Special Purpose
Seed Mix; and

- Dark green color

Areas 4:1 and steeper (tracked with a
bulldozer) should exhibit:

- 95% coverage of vegetation with 50%
coverage of Permanent Seed Mix or
Sericea lespedeza or Special Purpose
Seed Mix; and

- Dark green color

SHA ESC Field Guide

The SHA Field Guide to Erosion and Sediment
Control was completed and is being distributed
to construction engineers, certified ESC
managers and inspectors, and ESC designers.
This field guide provides essential information in
a manner that is easy to access and carry.

E.2.b Responsible Personnel Certification
Classes (Green Card Training)

SHA continued to sponsor and perform training
for ESC Responsible Personnel Certification
Classes over the past year. This training is
conducted by SHA for SHA personnel,
consultants and contractors.

A copy of the database of trained personnel
(MDE Table H, Responsible Personnel
Certification Information) is included on the CD
included as an attachment.

SHA Basic Erosion and Sediment Control
Training (BEST)

In addition to Green Card Training classes, SHA
developed and implemented its own ESC
Certification Program at two levels. Level I is
known as BEST (Basic Erosion and Sediment
Control Training). This day and a half training is
aimed at contractors and field personnel and

10/21/2008
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focuses on in-depth discussions of ESC design,
construction and permitting requirements. This
is also a prerequisite for Level Il training.

The Level Il training is intended for ESC design
professionals and course material has been
developed. The Level Il training began in June
2007.

Table 1-5 ESC Training Held by SHA
(10/2007 to 9/2008)

No. of
Type of Training Participants
Responsible Personnel (Green Card) 763
BEST Level | (Yellow Card) 542
BEST Level Il (Designer’s Training) 65

E.3 Stormwater Management

The continuance of an effective stormwater
management program is emphasis of this permit
condition. Requirements under this condition
include:

a) Implement the stormwater management
design principles, methods, and practices
found in the 2000 Maryland Stormwater
Design Manual and COMAR,;

b) Implement a BMP inspection and
maintenance program to inspect all
stormwater management facilities at least
once every three years and perform all
routine maintenance (e.g., mowing, trash
removal, tarring risers, etc.) within one
year of the inspection; and

c) Document BMPs in need of significant
maintenance work and prioritize these
facilities for repair. The SHA shall provide
in its annual reports detailed schedules for
performing all significant BMP repair work.

E.3.a Implement SWM Design Manual and

Regulations

SHA continues to comply with Maryland State
and Federal laws and regulations for stormwater
management (SWM) as well as MDE
requirements for permitting. We also continue to
implement the practices found in the 2000
Maryland Stormwater Design Manual and
Maryland Stormwater Management Guidelines

for State and Federal Projects, July 2001 for all
projects.  Permitting needs are tracked for
projects statewide through our Permit Tracker
software tool.

E.3.b Implement BMP Inspection &

Maintenance Program

Our continuing Stormwater Facility Program
(managed by Ms. Dana Havlik) inspects,
evaluates, maintains, remediates and enhances
SHA BMP assets to maintain and improve water
quality and protect sensitive water resources.
Inspections are conducted every three years as
part of the NPDES source identification and
update effort (see Section C, above).
Maintenance and remediation efforts are
accomplished after the inspection data has been
evaluated and ranked according to SHA rating
criteria.

Details of the Stormwater Facility Program are
included as Part 3 of this document. Discussion
of inspection results and maintenance,
remediation, retrofit and enhancement efforts
undertaken over the past year is included in that
section.

As-Built Certification Process

SHA continues with our SWM facility as-built
certification process. This process requires the
design engineer to coordinate with MDE on the
completion of as-built checklists and tabulations.
The contractor is then required to inspect and
certify the facility construction according to the
approved design plans. Additional requirements
are imposed upon the contractor by SHA that go
above and beyond the certification required by
MDE. This includes certification of facility
plantings and permanent turf establishment.
SHA has made the delivery of this certification a
separate pay item. A copy of the revised As-

Built Certification special provision was
included the 2006 annual report.
Copies of the final approved as-built

certifications are retained by SHA and integrated
into the storm drain and BMP GIlS/database.
This information is then used as source
identification updates are planned and assigned.
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E.3.c Document Significant BMP

Maintenance

See Part 3 for SWM Facility Program updates on
major maintenance, remediation and retrofits.

E.4 Highway Maintenance
Requirements under this condition include:

a) Clean inlets and sweep streets;

b) Reduce the use of pesticides, herbicides,
and fertilizers through the use of integrated
pest management (IPM);

c) Manage winter weather deicing operations
trough continual improvement of materials
and effective decision making;

d) Ensure that all SHA facilities identified by
the Clean Water Act (CWA) as being
industrial activities have NPDES industrial
general permit coverage; and

e) Develop a “Statewide Shop Improvement
Plan” for SHA vehicle maintenance
facilities to address pollution prevention
and treatment requirements.

E4da

Mechanical sweeping of the roadway is essential
in the collection and disposal of loose material,
debris and litter into approved landfills. This
material, such as dirt and sand, collects along
curbs and gutters, bridge parapets/curbs, inlets
and outlet pipes. Sweeping prevents buildup
along sections of roadway and allows for the free
flow of water from the highway, to enter into the
highway drainage system.

Inlet Cleaning and Street Sweeping

SHA sweeping standard is to ensure 95% of the
traveled roadway is clear of loose material, with
less than 1 inch in depth along curb and gutter of
closed sections of roadways. In addition, our
standard is also to ensure 90% of buildup of lose
material along open sections of roadways does
not exceed 1 % inches in depth along the
shoulder.

In addition to street sweeping, SHA owns and
operates four vacuum pump trucks that routinely
clean storm drain inlets along roadways.
Sediment and trash make up the majority of the

material that is removed. The vacuum trucks
operate in central Maryland, spanning the
following Counties: Anne Arundel, Baltimore,
Calvert, Carroll, Charles, Frederick, Harford,
Howard, Montgomery, Prince George's and St.
Mary's. This practice ensures safer roadways
through ensuring proper drainage and improves
water quality in Maryland's streams.

Vacuum Pump Truck

E.4b Reduction of Pesticides, Herbicides

and Fertilizers

SHA has standards for maintaining the highway
system. One of these standards is the SHA
Integrated Vegetation Management Manual for
Maryland Highways, October 2003 (IVMM).
This manual incorporates the major activities
involved in the management of roadside
vegetation including application of herbicides,
mowing and the management of woody
vegetation. In order to maximize the efficiency
of funds and to protect the roadside environment
an integration of these activities is employed.

Herbicide Application

Herbicides are selected based upon their safety to
the environment and personnel, as well as for
economical performance. In order to ensure that
herbicides are applied safely to roadside target
species, herbicide supervisory and application
personnel are thoroughly trained, registered
and/or certified by at least one of the following:

o University of Maryland
o Maryland Department of Agriculture
e SHA.
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Herbicide application equipment is routinely
inspected and calibrated to ensure that
applications are accurately applied in accordance
to the IVMM, Maryland State law and the
herbicide label.

Nutrient Management Plans

The need for Nutrient Management Plans (NMP)
is determined by SHA for all roadway projects
according to State law (COMAR 15.20.04-08 —
Nutrient Management Regulations). NMPs are
developed by the Landscape Operations Division
(LOD), Technical Resources Team (TRT) and
the need for a NMP is at the discretion of the
TRT.

The application of fertilizer is performed based
upon soil sampling and testing for major plant
nutrients such as phosphorus and potash. Once
these plant nutrient levels are determined, a
NMP is developed for both construction and
maintenance. Certain major fertilizer nutrients
are reduced due to adequate soil levels.

Mowing Reduction/Native Meadows

A major initiative at the SHA is to reduce the
extent of mowed areas within our right-of-way.
Along with this initiative, several pilot projects

Table 1-5

have been completed to install and maintain
native meadow areas. Ultimately this practice
will further reduce the need for fertilizer and
herbicide application.

E.d.c

SHA continues to test and evaluate new winter
materials, equipment and strategies in an on-
going effort to improve the level of service
provided to motorists during winter storms while
at the same time minimizing the impact of its
operations on the environment.

Winter Deicing Operations

One method employed to decrease the overall
application of deicing materials is to increase
application of deicing materials prior to and in
the early stages of a winter storm (anti-icing).
This prevents snow and ice from bonding to the
surface of roads and bridges and ultimately leads
to lower material usage at the conclusion of
storm events, thus lessening the overall usage of
deicers.In addition, SHA has expanded its
‘sensible salting’ training of State and hired
equipment operators in an on-going effort to
decrease the use of deicing materials without
jeopardizing the safety and mobility of motorists
during and after winter storms.

Winter Materials used by SHA

——

Sodium Chloride

(Rock and Solar Salt)  relatively inexpensive.

The principle winter material used by SHA. Effective down to 20° F and is

Abrasives

These include sand and crushed stone and are used to increase traction for

motorists during storms. Abrasives have no snow melting capability.

Calcium Chloride

A solid (flake) winter material used during extremely cold winter storms.

SHA uses limited amounts of calcium chloride.

Salt Brine

Liquid sodium chloride or liquefied salt is a solution that can be used as an

anti-icer on highways prior to the onset of storms, or as a deicer on
highways during a storm. Used extensively by SHA. Freeze point of

-6°F.

Magnesium Chloride

One of the primary liquid winter materials used by SHA for deicing

(Mag) operations. Freeze point of -26° F and proven cost-effective in the colder
regions (northern and western counties).
Caliber M-100 Magnesium chloride based deicer with a corrosion inhibiting additive.

Potassium Acetate

A costly, environmentally friendly, liquid material used at SHA’s two

automated bridge anti-icing system sites in Allegany County.
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Understanding Impacts of Deicing Chemicals

We are also pursuing research to understand the
impact deicing chemicals have on surrounding
ecosystems and organisms. See Section D,
Discharge Characterization, for a list of
resources we are studying.

E.4.d NPDES Industrial Permit Coverage

As discussed in previous annual reports, SHA
has initiated the development and
implementation of a Compliance Focused
Environmental Management System (CFEMS).
SHA continues to proceed with implementing
elements of the CFEMS and has recently
initiated a statewide training effort covering a
variety of media areas including stormwater
management. This effort will cover procedures
for management of environmental compliance
issues, including those related to Industrial
NPDES at maintenance facilities, such as spill
response, material storage and vehicle washing.

The CFEMS is being developed and
implemented in a phased approach and will span
a five-year period.  The initial phase of
environmental assessments at SHA’s primary
maintenance facilities was completed in the
spring of 2007. In addition to the initial
assessments, SHA's Environmental Compliance
Division (ECD) has implemented a routine
inspection program that began in May 2008.
Compliance inspections covering all media areas
are conducted at each primary maintenance
facility on a weekly basis by facility personnel
and on a monthly basis by SHA's District
Environmental Coordinators (DEC). The DECs
work directly for SHA's ECD and are
responsible for ensuring compliance with
applicable permits, plans and regulations at
facilities in their region.

Subsequent phases will expand the CFEMS to
other SHA facilities and operations. These
facilities will be assessed for stormwater
permitting needs at this time. Additional capital
improvements that relate to stormwater pollution
prevention will likely emerge from the CFEMS
development efforts described above. SHA's
Environmental Compliance  Division  also
continues to encourage maintenance facilities to
present funding requests for stormwater related

improvements such as erosion stabilization,
material storage improvements, and spill
prevention / containment devices.

E.d.e

As described above, SHA continues to maintain
an effective industrial stormwater NPDES
program through the Environmental Compliance
Division to insure pollution prevention and
permit requirements are being met at SHA
maintenance facilities. As stated in the previous
annual report, SHA performed detailed site
assessments at maintenance facilities covered
under an Industrial Discharge Permit in 2001 and
2005. Information gathered during these site
assessments was used to prepare (2001) and
update (2005) Stormwater Pollution Prevention
Plans (SWPPP) and Spill Prevention, Control,
and Countermeasure Plans (SPCCP) (2005).

Statewide Shop Improvement Plans

SHA initiated work in 2006 to upgrade both the
SWPPPs and SPCCPs; pilot assessments and
plans were development for the Frederick
maintenance facility. SHA has recently
completed draft versions of SPCCPs for the 15
primary maintenance facilities that exceed the
above ground petroleum product storage
threshold and has initiated the update of all
SWPPPs Statewide. Updates for both SPCCPs
and SWPPPs will be completed by February
2009.

SHA continued to develop BMPs by designing
and implementing capital improvements. BMPs
are identified as work progresses towards
updating relevant pollution prevention plans and
routine inspections continue to provide valuable
data. Appendix J summarizes the status of BMP
implementation  for maintenance facilities
Statewide. The following list details the major
pollution prevention efforts and maintenance
facility improvements since the last annual
report.
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Completed Projects:

Washbay  treatment  system  upgrade
completed for Leonardtown maintenance
facility

Draft SPCCPs completed at 15 primary
maintenance facilities

Sewer connection for Hanover Complex

vehicle maintenance and wash bays
advertised
Stormwater  management  BMP  re-

inspections completed for all maintenance
facilities

Battery Storage / Spill Kit procurement
complete for primary maintenance facilities

Re-vegetation test plots assessed, now
implementing  remediation phase of salt
contamination issue at Stevensville satellite
maintenance facility

Stormwater management retrofit design
complete for the Glen Burnie maintenance
facility

UST inspection / inventory completed for
maintenance facilities with vehicle fueling
stations

Ongoing Projects:

Statewide oil-water separator maintenance
program

Statewide discharge sampling and reporting
program for facilities with Individual
Discharge Permits

Routine compliance inspections at all
primary maintenance facilities on a weekly
and monthly basis

Erosion control design for eroded area at
Annapolis maintenance facility

Initiated Projects:

SWPPP updates initiated Statewide

Wetland / waterway delineations ongoing at
primary maintenance facilities

Multimedia training initiated Statewide

Grit Chamber assessment and upgrade
design at Prince Frederick and Marlboro
maintenance facilities

Oil/water evaluation
Statewide

Re-vegetation test plots constructed as the
initial phase of salt contamination
remediation for Stevensville maintenance

facility.

separator  upgrade

Stormwater management retrofit design
complete for the Glen Burnie maintenance
facility.

UST inspection / inventory completed for
maintenance facilities with vehicle fueling
stations.

On-Going Projects:

Statewide oil-water separator maintenance
program.

Statewide discharge sampling and reporting

program for facilities with Individual
Discharge Permits.

Initiated Projects:
Stormwater ~ management  BMP  re-
inspections underway for maintenance
facilities

Battery  Storage/Spill  Kit procurement
underway at maintenance facilities.

3rd round of SWPPP updates / Statewide
Shop Improvement Plan under development.

Washbay treatment system upgrade desing
underway at Hereford maintenance facility.

Erosion control design for eroded area at
Annapolis maintenance facility.

Grit Chamber assessment and upgrade
design at Prince Frederick and Marlboro
maintenance facilities.
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Table 1-6 Industrial NPDES Permit Table 1-7 shows SHA’s capital expenditures
Status towards industrial pollution prevention BMPs

from the current and past four fiscal years.

District Maintenance Facilit Permit Type
Berlin General . .
Cambridge General Table 1-7 Capital Expenditures for
- Pollution Prevention BMPs
1 Princess Anne General
Salibury Generd
Snow Hill General 2005 $ 613,210 - actual
Centreville Individual — SW
2006 $ 592,873 - actual
Chestertown General
5 Denton General 2007 $ 450,608 - actual
Eqsion GEnera! 2008 $ 590,704 - actual
Elkton General 2009 $ 500,000 . q
Millington General L0 - G
Fairland General
Gaithersburg General E.5 |lllicit Discharge Detection and
Kensington General Elimination
CalliE] SEEIH] Requirements under this condition include:
Marlboro General
Metro/Landover General a) Conduct visual inspections of stormwater
Churchville Individual — SW outfalls as part qf its source identification
Golden Ring ol and BMP inspection protocols
Hereford Individual — SW b) Document each outfall's structural,
Owings Mills General environmental and functional attributes;
Annapolis General c) Investigate outfalls suspected of having
- illicit connections by using storm drain
Glen Burnie General . - .
maps, chemical screening, dye testing,
5 La Plata General and other viable means;
Le_onardtown_ VRIS Y d) Use appropriate enforcement procedures
Prince Frederick General for eliminating illicit connections or refer
Frostburg General violators to MDE for enforcement and
Hagerstown General permitting.
6 Hancock General e) Coordinate with surrounding jurisdictions
Keyser’s Ridge Individual — GW when illicit cqnnections originate from
Laval General beyond SHA's rights-of-way; and
Oakland General f) Annually report illicit discharge detection
Davion ndividual — SW and elimination activities as specified in
Y - Part IV of this permit. Annual reports shall
7 Frederick General include any requests and accompanying
Thurmont General justifications for proposed modifications to
Westminster General the detection and elimination program.

Offices/ Brooklandville
Other Complex

Facilities  Hanover Complex Individual — SW
Note: SW = Surface Water, GW = Groundwater

General

E.5.a Visual Inspections of Outfalls

The Storm Drain and Outfall Inspection and
Remediation Program (SOIRP) is headed by Mr.
Brandon Scott. This program focuses on the
physical conditions and structural functionality
of SHA’s drainage systems. As discussed in the
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previous annual report, the Illicit Discharge
Detection and Elimination inspections are now
handled as a separate entity in the NPDES
Program (see Section E.5.c).

As part of the source identification training and
workshops  (see  Section C.1.b, Data
Compatibility) there are now separate chapters
for the IDDE and the SOIRP inspections in the
NPDES Standard Procedures manual. We have
also developed distinct training modules for each
of these programs.

Inspections for the SOIRP program will result in
developing strategies for maintaining, repairing
or otherwise remediating storm drain and outfall
stabilization projects. The resulting remediation

Table 1-8

actions can be constructed through our open-end

construction contracts, transportation
enhancement fund projects or advertised
projects.

The inspection standards for illicit discharge,
detection and elimination have been developed
as draft Chapter 5 that is included as Appendix
B. The workshop module incorporates video
clips of acquired from EPA demonstrating field
procedures for illicit discharge screenings and
sampling.

As mentioned above under Section C.1.b, Data
Compatibility, SHA will be investigating
converting our training modules into self-
learning tools.

Outfall Inspection Ratings

Qutfall Inspection Ratings

No Total Number of
Count: Rating Inspected Pipes

Montgomery® 1,090 16,589
Frederick 1,079 2,894 340 161 139 12 4,625 9,092
Baltimore! 672 1,652 38 23 24 2 2,411 14,306
Harford 103 277 291 130 46 5 852 4,140
Howard 373 287 138 119 14 1 932 3,980
Charles® 3 36 4 3 1 2 49 7,380
Carroll® 141 1,293 143 117 71 23 1,788 4,629
Anne Arundel’ - - - - - - - 8,073
Prince George’s* - - - - - - - 14,916
Totals 2,727 7,121 962 572 317 48 11,747 83,105
Notes: 1.  The outfall inspection program began halfway through the Baltimore Co. MS4 inventory and inspections.

Therefore, approximately 50% of the pipes and outfalls were inspected for Baltimore Co.
2. Outfall inspections performed on pipes in Montgomery Co. addressed updates only, not all possible pipes.
3. Numbers for Charles and Carroll Counties have been updated since the last annual report.
4. PG and AA county updates are in progress. This information is not yet available.
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Table 1-9 Harfard County Outfall Stabilization Project
HA3565174

Map No. Location Pipe Size
7 MD 543 Approximately 45' North of Old Pylesville Road 18" CMP
32 MD 543 Approximately 420" Southeast of Doyle Road 18" CMP
25 MD 543 Approximately 820" Southwest of Chestnut Hill Road 15" CMP
26 MD 136 350' Southeast of Poplar Grove Road 18" CMP
22 MD 136 150" North of E Medical Hall Road 18" CMP
16 MD 146 @ MD 152 30" RCP
19 MD 136 Approximately 100" West of Carea Rd. 12" RCP
21 MD 136 - 500" North of MD 543 12" PVC
37 MD 924 100' South of Victory Lane 30" CMP
5 MD 165 Approximately 4000" West of Rocks Road 24" CMP
6 MD 165 300" Northwest of Old Pylesville Road 30" RCP
8 MD 165 Approximately 1200" North of Ady Road 30" RCP
40 MD 156 Approximately 2165' Southwest of Timothy Road 12" CMP
43 MD 646 Approximately 730" South of Whiteford Road 36" RCP
44 MD 646 Approximately 1300' Northeast of Bay Drive 18" RCP
9 US 40 Approximately 1200' Northeast of Old Post Split 15" CMP
51 US 40 Approximately 4000" Southwest of Otter Point Road 24" RCP
49 US 40 Approximately 640" Northeast of Long Bar Harbor Road 18" RCP
48 US 40 Approximately 1000' Southwest of Spesutia Road 15" RCP
50 US 40 Southwest of Otsego Street 18" RCP

Note:  For map numbers, see Appendix G

Table 1-10  Baltimore County Outfall Stabilization Project
(Construction Contract Number TBD)

Map No.‘ Location Pipe Size
8 1-83 SBL at Baltimore City/County line 24" RCP
9 US 1 at 695 Ramp 24" RCP
13 MD41 18" RCP
17 1-695/ 1-95 Interchange 18" CMP
19 MD41 north of Satyr Hill Rd. 30" CMP

Note:  For map numbers, see Appendix G.

E.5.b Document each Outfall’s Attributes

SOIRP outfall inspections have been conducted
on the outfalls in Carroll and Charles Counties
and the ratings have been evaluated. Also, Anne
Arundel and Prince George’s County updates are
in progress.

Inspections using the SHA SOIRP Program
outfall inspection protocol were previously
conducted on seven of the counties listed in

Table 1-8, Montgomery, Baltimore, Carroll,
Charles, Frederick, Harford and Howard. Based
on the needs determined from the inspections,
SHA is currently in the design phase for
Baltimore and Harford County sites. Maps of
the 20 sites in Baltimore County and 52 sites in
Harford County that are being targeted along
with a list of the sites are included in Appendix
G. The current plan is for SHA to construct a
select number of repairs in Baltimore County as
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an advertised construction contract. The method
of construction for the Harford County sites will
be determined once a more defined scope is
generated for the sites. SHA has initiated the

evaluation and design phase for 20 poorly rated
sites in Harford County.

- il :_ " =t
Site 43 in Harford County

Failed Outfall at

E.5.c

During the last reporting period, Charles and
Carroll county storm drain systems were
evaluated for illicit discharges. There was one
report generated for Carroll County that
contained seven suspected illicit connections.
This report was forwarded to Carroll county
NPDES coordinator for follow up. The Carroll
county report is attached as Appendix H.

llicit Connection Investigations

Charles county investigations resulted in no
suspected illicit discharge connections being
identified and therefore, no report was generated.

. . J . b

An lllicit Connection at MD 140 in Carroll County

E.5.d Use Appropriate Enforcement
Procedures

We followed up with the findings by sending the
Carroll county report to the Carroll county
NPDES contact, James Slater, who agreed to
follow up with the connections.

Table 1-11 below details the past and current
illicit detections.

Table 1-11 |lllicit Discharge Screenings
Outfalls lllicit
Outfalls w/ Flow Discharge
Screened  Observed Reports
Frederick 39 46 16
Harford 53 16 1
Howard 209 172 2
Montgomery 217 26 3
Charles' 85 27 0
Carroll* 104 84 7
Totals 707 371 29
Notes: 1. GIS development was completed in these counties

over the last reporting period and the current
numbers are reflected in the table.

E.5.f Annual Report |lllicit Discharge
Detection and Elimination Activities

A summary of illicit discharge detection and
elimination activities for this report term is
provided above. The MDE database Table G for
Illicit Discharge Detection and Elimination is
included on the attached CD.
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E.6 Environmental Stewardship

Requirements under this condition include:

a) Environmental Stewardship by Motorists

Provide stream, river, lake, and
estuary name signs and environmental
stewardship messages where
appropriate and safe,

Create opportunities for volunteer
roadside litter control and native tree
plantings; and

Promote combined vehicle trips, ozone
alerts, fueling after dark, mass transit
and other pollution reduction actions
for motorist participation.

b) Environmental Stewardship by Employees

Vi,

Provide classes regarding stormwater
management and erosion and
sediment control;

Participate in  field trips that
demonstrate links between highway
runoff and stream, river, and
Chesapeake Bay health;

Provide an environmental awareness
training module for all areas of SHA;

Provide pollution prevention training

for vehicle maintenance  shop
personnel;

Ensure IPM instruction and
certification by the Maryland
Department  of  Agriculture  for
personnel responsible for roadside

vegetation maintenance; and

Promote pollution prevention by SHA
employees by encouraging combined
vehicle trips, carpooling, mass transit,
and compressed work weeks.

E.6.a Environmental Stewardship by

Motorists

SHA continues many initiatives that encourage
or target public involvement and participation in
water quality programs. These initiatives cover
the areas of litter control, watershed partnerships,
community planting efforts and public education.

SHA public

involvement and participation

initiatives for the past year include:

* Annual Earth Day Celebration — The SHA

Earth Day Team sponsored the Sixth Annual
Earth Day Celebration on Tuesday, April 24,
2008 at the SHA headquarters complex. The
SHA NPDES had two exhibits in this year’s
event: the NPDES Program and the Erosion
and Sediment Control Program. The programs
participated by preparing educational exhibits
and manning the booth to answer questions
(see Figure 1-6). This annual event organized
by the SHA Office of Environmental Design

brings many groups and environmental
organizations together to highlight
accomplishments and  initiatives  being

undertaken by SHA and others. Approximately
360 SHA employees and 100 students ranging
from 2" grade to high school attended the
event.

Distributing environmental literature and
brochures at this event is a key method of
disseminating information to the public. The
Earth Day celebration was also accompanied
by a clean up day on Saturday, April 5" to
remove litter and manage vegetation along the
Patuxent River at Governor’s Bridge Road.
SHA volunteers teamed up with other MDOT
volunteers for the clean up. People throughout
these organizations were encouraged to attend.
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Maryland SHA NPDES Program Improving Water Quality Stormwater Management
What is NPDES and What Does it Do? PORERE U licit Discharge Detection: - Bullds, Inspects/and Maintains a Variety of BMPs
. g L _ : o e

NPDES stancs.

Figure 1-6 Annual Earth Day Exhibit from Highway Hydraulics Division

enters into an agreement with a Maintenance

Table 1-12 Adopt-a-Highway Provider for litter and debris removal from the
Program sponsored segment.
No. Groups Miles _ AL
County Participated Adopted Table 1-13 Sponsor a nghway
. Programs
Prince George’s 1 25
Miles for

Harford = = Sponsorship WIES
Baltimore 73 148 County County Sponsored
Anne Arundel 10 43 Prince George’s 78.6 30.2
Charles 9 32 Baltimore 74.2 42.7
Howard 6 23 Anne Arundel 89.3 50.8
Frederick 16 35 Howard 35.6 15.5
Carroll 50 52 Queen Anne’s 29.2 12.0
Totals 200 433 Total Miles in

Program 306.9 151.2

« Adopt-a-Highway Program — This program
encourages volunteer groups (family, business, « partnership Planting Program - SHA
school or civic organizations) to pick up litter  develops partnerships with local governments,
along 1-3 mile stretches of non-interstate  community organizations and garden clubs for
roadways four times a year for a two year  the purpose of beautifying highways and
period as a community service. improving the environment.  Community
] gateway plantings, reforestation plantings,
* Sponsor-a-Highway Program — SHA has  streetscapes and  highway beautification
launched a two-year pilot program that allows  pjantings are examples of the types of projects

corporate sponsors to sponsor one-mile that have been completed within the
sections of Maryland roadways. The Sponsor
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Partnership Planting Program. Table 1-14 lists
the numbers of plants, counties of participation
and numbers of volunteers for the last
reporting period.

Table 1-14 Partnership Planting

Program
I
County Trees/Shrubs| | Volunteers
Charles 53 20
Frederick 15 10
Harford 172 50
Howard 100 20
Prince George’s 15 15
Totals 355 115

» Transportation Enhancement Program -
SHA Administers the Federal Highway
Transportation Enhancement Program (TEP)
for the State of Maryland. In this capacity,
SHA looks for opportunities to share the
potential benefits of applying for funding
under this program with projects that fall under
the eligible funding categories.

For potential projects that fall under the
funding category ‘Mitigation of Water
Pollution due to Highway Runoff’, SHA
Highway Hydraulics Division takes the
initiative  with  watershed groups, local
municipalities, community groups and counties
to encourage their participation in this
program. SHA provides assistance to potential
project sponsors by advising on proposal
content, reviewing drafts and then providing
guidance on Federal Aid requirements for
construction  document  preparation  and
advertisement process.

There were thirteen projects in 2007, including
four projects sponsored by SHA. Examples of
these projects were discussed in detail in the
2007 report. For this reason, we are not
including additional information here.

Roadside Debris/Safety Campaign TEP
Project — The litter campaign that was
developed and reported on in the previous
annual reports is completed. However, the

SHA Office of Communications is developing
another litter campaign to address concerns
from the Governor for litter along Maryland
Roadways. This new campaign will look at
performing research to develop the most
effective target audience and then develop a
plan for media coverage to reach that audience.
This effort was initiated in May 2008 and will
be pursued over the next few years.

e The 2008 Maryland Bay Game - SHA
participated as a contributor.

E.6.b Environmental Stewardship by
Employees

SHA continues to provide environmental
awareness training to its personnel and is
committed to continuing these efforts in the
future. We have provided updated statistics for
these efforts through the following training
programs below:

. N@@@g SHA Recycles Campaign — In

support of the SHA Business Plan, the
Environmental Compliance and Stewardship
Key Performance Area launched the SHA
Recycles Campaign on April 22, 2008 to raise
awareness and encourage change in consumer
culture throughout the organization. The goal
of this campaign is to reduce waste and litter
by making conservation a priority, reusing
what we previously discarded, and recycling as
much as possible. The SHA Recycles
Campaign is working to build a consortium of
stakeholders  across the entire  SHA
organization towards this collective goal. The
campaign encourages all employees to give
feedback on what can be done to save energy
and fuel, reduce or eliminate waste, improve
current recycling efforts, or change business
practices to conserve resources. It provides
education and outreach through displays and
presentations at SHA events such as the
Annual Earth Day Celebration, and office-
wide Training and Recognition Days.

A small wind energy pilot study was designed
and stakeholder buy in was obtained. A grant
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was received from the Maryland Energy
Administration to install a 1.7 KW wind
energy system at the Westminster Maintenance
Shop.

The Campaign is leading the effort with SHA
Office of Administration to provide employees
across the organization with networked access
to SHA Duplicating Services resources to
reduce paper waste and promote conservation
efforts in response to the SHA Bright Ideas
Program. A recycling survey was developed
and is being piloted by District 5 in
anticipation of statewide distribution to all
SHA facility Recycling Coordinators, and
subsequent outreach to all facilities.

M@W? SHA Environmental Ethic

Project — The Advanced Leadership Program
(ALP) Class of 2009 was enlisted to take on
the challenge of developing an SHA
Environmental Ethic initiative for the State
Highway Administration. An environmental
awareness survey has been developed and is
included in Appendix L.

N @W? Performance Excellence

Training Conference (PETC) — The Highway
Hydraulics Division’s (HHD) NPDES, Erosion
and Sediment Control (ESC) and Stormwater
Facility programs sponsored an exhibit at the
SHA  Performance Excellence  Training
Conference held December 7, 2007 in
Annapolis, Maryland. This conference is held
annually by SHA senior management and is
attended by hundreds of SHA employees from
all districts. The purpose of the conference is
to recognize areas of improvement in
processes that result in increased performance
excellence.

The HHD exhibit highlighted efforts by the
ESC and BMP programs to increase
performance in construction erosion and
sediment control and permanent BMP asset
management including: SHA ESC quality
assurance inspections and ratings
improvements, contractor ESC incentives and
liquidated damages, SHA Basic Erosion and
Sediment Training (BEST) Levels | and 1l
training courses, accurate Limit of Disturbance
(LOD) demarcation, research on coagulants
and flocculants in sediment control, BMP
functional adequacy business goal, improved
BMP inspection criteria and procedures
manual, innovative contracting (design-build-
maintain) for BMP lifecycle improvements,
initiation of BMP As-Built Certification
process, pursuit of alternative stormwater
practices such as stream  restoration,
implementation of stormwater site
development criteria guidance and review
process for improving sustainability of

stormwater BMPs.

e

HHD PETC NPDES Exhibit
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Erosion and Sediment Control (ESC) — Processes to ¥ Per t St Manag t —
Improving Results through Contractor Accountability, Training and Improve Water Quality b ﬂ'AB'::I‘Mn s Design and
mative nagaman rac

P o Fo- Sty Ao O By the Highway Hydraulics Division Evaliating Straam Restoration Sucoess issing

onitoring ESC Controls at MD 30— | ; : =
AP Sypese = = — B Site Development Criteria

Addis o SWM

Figure 1-7 HHD PETC Training Conference Exhibit

environmental permitting issues, including

. M@wg SHA Environmental Advisory ~ NPDES concems. The number of people

Committee — A committee was formed by trained during 2008 was 22.
SHA in order to seek expert Ilevel,
environmental advice from pronounced experts
and practitioners in various fields and

 Statewide Pesticide/Vegetation Management

Training (2008) — This training provides
‘ . . i annual  vegetation management updates
industries. ~ This committee meets several 01, 4ing pesticide training and certification.

times a year to advise SHA senior  1ah6 195 |ists the numbers of participants by
management on initiatives ranging from clean g/ yA district.

air, wind power, water quality and
recycle/reuse. Mr. Steve Pattison, of MDE,

sits on this committee. Table 1-15 2008 Pesticide Training
e Graduate Engineers Training Program
(GETP) — This program provides training to 1 o
all new SHA engineers and includes training 2 23
concerning the MEPA/NEPA, Environmental 3 7
Permitting, Stormwater Management, and 4* i
Erosion & Sediment Control. In 2008, 70
individuals attended these modules including ) 21
20 who graduated on August 2008. 6* -
e OHD University — This is an annual, internal L 2
training program for the Office of Highway Totals 66
Development that provides technical training * Numbers for Districts 4 and 6 were not
for new engineers and others who desire to available at time of reporting.
take refresher courses. In addition to highway
engineering and technical issues, detailed
information is presented for SWM, ESC and
10/21/2007 Maryland State Highway Administration 1-31
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e Annual

Vegetation Management
Conference (2007) — This annual conference
is sponsored by the Office of Environmental
Design and the Maryland SHA Statewide
Vegetation Management Team, and provides a
forum for disseminating current information on
topics such as invasive species eradication,
nutrient management, stormwater management
facility =~ vegetation = management,  turf
establishment, forest conservation, native
meadow  establishment, and  herbicide
application. Each SHA maintenance shop
sends people to these conferences. The 2007
conference was held on October 24 and
numbers of attendees were 105.

Environmental Awareness Training (Chesa-
peake Bay Field Trips) — This training is
provided to all new employees. These field
trips demonstrate the link between highway
runoff and its impact on streams, rivers and on
the health of the Chesapeake Bay. During the
last reporting period, 7 classes were held with
125 people attending.

Maryland Department of Transportation
(MDOT) Water Quality Policies and Water
Quality Clearing House Web Page — This is
a continuing effort that provides information
on department-wide water quality policies and
other regulations applicable to transportation
projects. This webpage is periodically updated
with regulatory/policy changes and can be
accessed at www.mdot.state.md.us and
clicking on the Water Quality Clearinghouse
link toward the bottom of the page.

Environmental Permitting Training Tour —
Biennially the SHA headquarters
environmental offices including Environmental
Planning, Highway Hydraulics Division,
Environmental Programs Division, Landscape
Architecture Division, Landscape Operations
Division, and Cultural Resources Group,
provide training on environmental permitting
requirements. This training is given to all
levels of district office personnel including
maintenance, construction inspection and
special projects design. The training is also
given to headquarters’ personnel including
construction, right-of-way, design divisions,

access permits and project planning. It has
also been added as a module in the Office of
Highway Development University (OHDU)
series of training classes.

The goal of the training is to provide all SHA
personnel with an understanding of environ-
mental resources and requirements for
avoiding and minimizing impacts, mitigating
and obtaining permits. The training also
details procedures and provides contacts for
answering questions and  assisting in
processing information. Specific  topics
covered by the training are:

-  NEPA/MEPA Processes;

— Cultural Resources;

- Environmental Justice;

- Wetlands, Waterways, FEMA and other
water resources;

— NPDES Construction Permit, MS4 Phase |
and Phase Il Permits, Industrial Permits;

- SWM & ESC;

- Forest Conservation, Reforestation and
Roadside Tree Law;

- Scenic Highways Initiative;

- Environmental Compliance for
owned Facilities.

SHA-

Table 1-16 lists the number of people who
were trained over the last reporting period.

Table 1-16 Environmental Permits

Tour

1 53
2 61

3 -
4 63
5 36
6 14
7 47
Headquarters 32
Totals 306
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e Employee Commuter Reduction Incentives
— SHA offers several incentives to reduce the
number of drivers and/or number of commuter
days/miles per week by Administration
employees. Fewer commuter days and miles
mean less vehicle pollutants entering the
watershed.

Alternate work schedules include flexible work
hours allowing employees to work compressed
workweeks reducing the total number of
commuting days and miles.

Telecommuting allows employees to work
from a remote location (presumably at or close
to home) and also reduces the number of
commuting days and miles per week. Each
office has or is developing a teleworking

policy.

Car-pooling has been encouraged at SHA for
many years and reduces the number of
commuters on the road. SHA car-pooling
incentives include prioritizing parking space
allocation to those in a designated car pool and
Administration assistance in locating a carpool
within the employee’s residential area through
parking database.

Finally, employee ID badges allow free access
to MTA mass transit including the Baltimore
area subway, light rail and buses. This
encourages the use of mass transit by SHA
employees who live within the Baltimore area.

F Watershed Assessment

The watershed assessment effort described by
the permit includes continuing to provide
available geographic information system (GIS)
highway  data to  permitted NPDES
municipalities and MDE; completing the
impervious surface accounting by the fourth
annual report; retrofitting impervious areas with
poor or no control infrastructure; and working
with NPDES municipalities to maximize water
quality improvements in areas of local concern.

F.1 GIS Highway Data to NPDES
Jurisdictions and MDE

SHA continues to make all GIS highway data
available to NPDES jurisdictions and MDE.

F.2 Complete Impervious Accounting by
Fourth Annual Report

SHA will complete the Impervious Accounting
by the fourth annual report, October 2009. See
the work plan and schedule included in the
discussion in Section C.3, Impervious Surface
Account, above.

F.3 Impervious Area Retrofits

As we progress in the impervious area
accounting process described in Section C.3, we
will be identifying sites that prove suitable for
developing as stormwater facilities to treat
additional impervious surfaces in these counties.
These efforts will be coordinated within a
watershed, tributary strategy and TMDL
perspective.

Additionally, as part of our Water Quality
Banking Agreement with the MDE Sediment and
Stormwater Division, SHA is actively pursing
locating water quality retrofit sites in areas with
poor or no runoff control infrastructure. A site
search has been completed for the Patuxent River
Area (02-13-11) and fourteen sites in Howard
and Prince George’s Counties have been
identified. We are in the process of selecting
sites to place into a design project.

F.4 Maximize Water Quality Improvements
in Areas of Local Concern

Because SHA is not a land planning and zoning
entity, we do not have the authority or ability to
generate and carry out priorities for individual
watersheds. As part of this permit condition,
MDE is requiring that we not only implement
restoration efforts, but that we adhere to the
watershed restoration goals and priorities
established by local NPDES jurisdictions.

10/21/2007
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Maryland US 301 Corridor Improvement
Alternatives & Watersheds
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Presentation Slides from the US-301
Watershed Modeling Study

US-301 Watershed-Based SWM Assessment

A component of the Green Highways Initiative is
to develop US 301 as a green highway. This
entails assessing the watershed-level impacts of
the various alternatives.  Methodologies for
modeling water quality assessments for NEPA
reporting were investigated using NCHRP 25-25
Task 35, Water Quality Analyses for NEPA

Documents: Selecting Appropriate
Methodologies, and a model was developed for
the US 301 corridor alternatives.  Pollutant
loadings for existing and ultimate watershed
development conditions will be evaluated for
each alternate. Pollutants studied in the model
include:

- Nutrients

e Total Phosphorus (TP)
Ortho-Phosphorus (PO4)
Nitrite/Nitrate (NO2/NO3)
Total KjeldahINitrogen (TKN)
Ammonia (NH3)
Total Organic Nitrogen (TON)

- Metals

Copper
Zinc
Cadmium
Lead

- Bacteria
¢ Biochemical Oxygen Demand (BOD)
e Chemical Oxygen Demand (COD)
e Fecal Coliform

- Total Suspended Solids (TSS

The study is also taking into consideration
Maryland’s Green Infrastructure initiative. The
study is continuing and final results are not
currently available.

EPA Green Highways Grant — Framework
for Watershed Based SWM

During the last year, SHA continued work on the
grant from EPA to develop a framework to
implement a watershed-based approach to
stormwater management as part of the Green
Highways Partnership. The Green Highways
Partnership connects diverse partners from all
aspects of the infrastructure life cycle, from the
design, construction, and maintenance to the
governmental  regulation and  community
outreach, and includes the EPA, SHA, and
FHWA as key partners.

In the watershed-approach study, SHA will
examine ways to implement a watershed
decision-making process within SHA, local
jurisdictions, and regulatory agencies. The
primary focus of the study is from a
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transportation-centric  view, however it is
possible that the framework developed may have
a wider range of applicability as the basis of the
study is viewing the watershed holistically when
planning and implementing  stormwater
management. The study emphasizes watershed
restoration and preservation above-and-beyond
minimum regulatory and NPDES requirements
and promotes elements of green infrastructure.

Us 301 - Waldorf Area

Alternatives Retained for
Detailed Study
Date Crested: May 9. 2006
O e s oy v
ety By s mum e
0 St

—— St T e
o omey g s

S o
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Retained Alternatives for the US 301 Project

For the first year of the study, SHA completed a
literature and data review and compiled
summaries of each document. The literature
review was performed to determine how other
frameworks have been developed as well as to
determine if any previous work with watershed
management have been performed, to what
degree, and to what success level. A draft flow-
chart has also been developed, demonstrating the

stormwater management plans to work within
the context of the SHA process. This has
allowed SHA to examine items that may already
be in place to implement the framework as well
as areas which SHA must modify the internal
policy to adopt the framework.

During the first year of the study, SHA also
began an examination of four case studies.
These case studies involve partnerships between
SHA, local governments, and regulatory
agencies, to develop  watershed-based
management plans for several major highway
projects. The case studies will be further
examined to determine the effectiveness of the
trials and incorporate appropriate steps or
methods beneficial to the framework in
development. Two years remain of this three-
year study and the end product will be a
guideline document to implementing the
watershed-approach framework and will include
recommendations for future further studies, as
well as a complete explanation on how the
guidelines were developed.

During the second year of the study, SHA began
drafting the framework guidelines. The
document explains what the GHP is and the
purpose and goals of the GHP. It also explores
highway project needs as well as watershed
needs, and how to assemble the information.
Ranking of priorities, including associated cost-
benefit analyses are also illustrated. SHA also
began drafting a gap analysis to identify areas in
which  still  require further examination.
Examples include accountability tracking, credits
and trading, and ultimate ownership.

One year remains of this three-year study, and
the end product will be a guideline document for
implementing the watershed-approach
framework and will include recommendations
for future further studies, as well as a complete
summary on how the guidelines were developed.

G Watershed Restoration

Requirements for this permit condition include

task flow necessary to allow watershed-based d_eve_lt_)pmg and implementing twenty-flv_e
significant stormwater management retrofit
10/21/2007 Maryland State Highway Administration 1-35
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projects, contributing to local watershed
restoration activities by constructing or funding
retrofits within locally targeted watersheds, and
submitting annual reports on watershed activities
that contain proposals, costs, schedules,
implementation status and impervious acres
proposed for management.

G.1 Implement 25 Significant SWM Retrofit
Projects

SHA currently has fifty-two enhancement
projects in various stages of planning, design and
construction (one was eliminated-2250- due to
construction constrains and Long Draught

Table 1-17

Projects by Watershed I
Lower Susquehanna River — 02-12-02

Branch was eliminated due to permit issues).
Documentation on these projects was included in
the 2007 report and included contract drawings
and bid tabulations (for projects that have Table
1-17 is an abbreviated list of the proposed
projects by watershed. Documentation will be
included for the projects that are currently under
design when they are successfully advertised for
bid.

The database for Table D was included in the
2007 annual report. No new projects have been
added so we have not included the database with
this report.

Watershed Retrofit Projects

Retrofit Type I Status

1. BMP 12076 Visual Enhancement Construction
Bush River Area — 02-13-07
2. BMP 12069 Visual Enhancement Construction
3. BMP 12072 Visual Enhancement Construction
4. BMP 12073 Visual Enhancement Construction
5. BMP 12075 Visual Enhancement Construction
6. BMP 12081 Visual Enhancement Construction
7. BMP 12082 Visual Enhancement Construction

Gunpowder River — 02-13-08

8. 1-83 Outfall Stabilization of
Tributaries to Gunpowder Falls

Bioengineered Outfall

Stabilization Design

Patapsco River — 02-13-09

9. BMP 2120

Functional Enhancement

Construction

10.BMP 2121

Functional Enhancement

Construction

11.BMP 2122

Functional Enhancement

Construction

12.BMP 2250

Functional Enhancement

Removed from List

13.BMP 3281

Visual Enhancement

Construction

14.MD 139 Tributary to Towson

Run Stabilization

Bioengineered Stream
Stabilization

Complete

15.BMP 2111 Functional Enhancement Construction
16.BMP 2112 Functional Enhancement Construction
17.BMP 2098 Functional Enhancement Complete
18.BMP 2099 Functional Enhancement Complete
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Table 1-17

Watershed Retrofit Projects

Projects by Watershed Retrofit Type Status
19.BMP 2476 Functional Enhancement Complete
20.BMP 2477 Functional Enhancement Complete

West Chesapeake Bay — 02-13-10

21.BMP 2019 Functional Enhancement Construction
22.BMP 2022 Functional Enhancement Construction
23.BMP 2027 Functional Enhancement Construction
24.BMP 2029 Functional Enhancement Construction
25.BMP 2031 Functional Enhancement Construction
26.BMP 2088 Functional Enhancement Construction
27.BMP 2481 Functional Enhancement Complete
28.BMP 2522 Functional Enhancement Complete
29.BMP 2273 Functional Enhancement Complete
30.BMP 2491 Functional Enhancement Complete
31.BMP 2185 Functional Enhancement Final Review - Design
32.BMP 2198 Functional Enhancement Final Review - Design
33.BMP 2201 Functional Enhancement Final Review - Design
34.BMP 2203 Functional Enhancement Final Review - Design
35.BMP 2204 Functional Enhancement Final Review - Design
36.BMP 2205 Functional Enhancement Final Review - Design
37.BMP 2206 Functional Enhancement Final Review - Design
38.BMP 2208 Functional Enhancement Final Review - Design
39.BMP 2210 Functional Enhancement Final Review - Design
40.BMP 2211 Functional Enhancement Final Review - Design
41.BMP 2220 Functional Enhancement Final Review - Design

Patuxent River — 02-13-11

42.BMP 16059

Functional Enhancement

Construction

43.BMP 16202

Functional Enhancement

Construction

44.BMP 2488

Functional Enhancement

Construction

45.BMP 16217

Functional Enhancement

Construction

46.BMP 16219

Functional Enhancement

Construction

47.BMP 16380

Functional Enhancement

Construction

48.Unnamed Tributary to Rocky
Gorge Reservoir adjacent US 29

Stream Stabilization

In Design

10/21/2007
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Table 1-17

Projects by Watershed I
Lower Potomac River — 02-14-01

Watershed Retrofit Projects

Retrofit Type I Status

49.BMP 16456

Functional Enhancement

Completed

Washington Metropolitan-02-14-02

50.16607 Functional Enhancement Construction
51.16609 Functional Enhancement Construction
52.16653 Functional Enhancement Construction

53.Long Draught Branch
Restoration/ Stabilization

Stream Stabilization

Cancelled Due to
Agency Comments

Middle Potomac River — 02-14-03

54.Tributary to Tuscarora Creek
Stabilization at US 340 and US
50

Stream Stabilization

Final Review - Design

G.2 Contribute to Local NPDES Watershed
Restoration Activities

SHA often participates in and supports
watershed interest groups and local jurisdictions
in their activities. In addition, SHA has
participated directly or indirectly in developing
watershed plans as well as providing funding.
The Maryland Department of Transportation's
State Highway Administration oversees the
federal Transportation Enhancement Program
(TEP), and a listing of current projects was
included in the 2007 report.

The following is a summary of such efforts
undertaken during the report period:

e Laurel Lakes Task Force - PG
County.The SHA project 1-95/Contee Road
Project (PG419A21) lies within the Bear
Branch watershed and SHA participates on
this Task Force. The goal of the group is to
address sedimentation issues within the
watershed.

A field meeting was held July 30, 2007 to
assess SHA'’s involvement in the watershed
restoration efforts. SHA has agreed to
provide monitoring equipment at the

downstream side of 1-95 culvert at Bear
Branch in order to assess the effect our
roadway project has on the watershed. We
will also continue to attend task force
meeting and update the group on the project
as it progresses and provide input on the
overall watershed restoration efforts. As a
member of the task force, SHA will be
coordinating our stormwater design efforts
with the other members including PG county
and the City of Laurel.

The 1-95/Contee Road project design has
been delayed due to funding shortages.
There is no design schedule established
currently.

e South River Federation — AA County.
The BMP upgrade projects mentioned in the
last annual report were delayed to address in-
stream issues.

¢ Whitehall Creek Watershed — AA County.
SHA worked with the county to prepare a
watershed assessment study and actively
participated in a multi-agency effort to
address watershed water quality concerns in
this watershed. SHA is supporting this
project through the TEP review process for
construction of various stream segments at
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the head of the watershed as well as
significant stabilization from the US 50
interchange at MD 279 up to the point of
tidal influence. Currently, the project is
under design by the county. SHA has
previous recommended this project for TEP
funding award.

e MD 213 Stormwater Retrofit for Gravel
Run South - (Corsica River, not Phase 1)
Although not a phase | jurisdiction, the
Corsica watershed is a special initiative by
the Governor to implement tributary
strategies and a Watershed Restoration
Action Strategy (WRAS). This project is
sponsored by the Town of Centreville and
SHA supported funding. TEP funding was
subsequently granted. The project objective
is to provide stormwater management
treatment to a significant amount of
impervious surface from MD 213. The
project has progressed through the design
process in 2008 and is now in entering the
construction phase.

G.3 Report and Submit Annually

SHA will submit information on our watershed
restoration activities including retrofit proposals,
costs, schedules, implementation status and
impervious acres proposed for management.
This information will be included in subsequent
reports.

H Assessment of Controls

This condition requires that SHA develop a
proposal and receive approval for a watershed
restoration project by October 21,2006, develop
and receive approval for a monitoring plan that
should include chemical, biological and physical
monitoring according to specified in the permit,
and submit date annually.

H.1 Restoration Site Approved by October
21, 2006

The Long Draught Branch restoration project
was our approved watershed restoration site for
monitoring. However, difficulties in obtaining

wetlands and waterways permits caused us to
cancel this effort. Detailed information on the
regulatory process that occurred at Long Draught
is included below and in Appendix M. We are
now focusing our monitoring on a new study
which evaluates the pollutant removal and
environmental effectiveness of infiltration basins
that have transitioned into wetland facilities. For
more detail on this study, see Section D,
Discharge Characterization, above. This study is
called Wet Infiltration Basin Transitional
Performance Studies and is being conducted in
partnership with the University of Maryland,
Department of Civil Engineering.

Concerning the Long Draught Branch project,
over the reporting period, SHA made much
progress in designing the project and obtaining
necessary approvals. Our progress included:

e Coordinated with the City of Gaithersburg
on Covenants to assure legal construction
access through private property;

e Finalized the design plans, specifications and
estimates in anticipation of advertising the
project in the summer of 2008;

e Submitted for final stormwater management
and erosion and sediment control approval;

e Received forest conservation plan approval
from City of Gaithersburg;

e Initiated and performed the pre-construction
monitoring as proposed in the MDE
approved monitoring plan that was included
in the 2007 annual report as Appendix L.

Despite this progress and due to lack of support
of some of the regulatory agencies, SHA has not
been able to obtain some of the required
environmental permits to restore Long Draught
Branch. As a result, the project was removed
from the advertisement schedule and the funding
cancelled. Additional information concerning
the review and design process, and ultimate
cancellation is provided below. It is our hope
that this project be re-activated and we will
appreciate any support that MDE can provide to
achieve this goal.

10/21/2007
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Figure 1-8 Long Draught Branch Project and SHA Owned BMPs
within Seneca Creek Segment
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Figure 1-9 LDB Project Concept Reforestation and Planting Design

LDB Project Goals and Benefits within the project reach. The specific goals of

The proposed project to restore Long Draught this project are:

Branch between MD 117 and an existing failed . . .
e Vertical reconnection of the hyporheic

in-stream dam was designed to enhance habitat, sone with base and flood flows in order to
improve water quality and significantly decrease maximize water quality benefit — Greater
or eliminate channel and floodway degradation PO q y

infiltration and groundwater recharge

opportunities within the restoration site
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would be achieved through reconnection to
the floodplain. Further, the floodplain and
associated wetland pockets would promote
periods of extended base flow and/or greater
overall base flow discharges to the
downstream environment.

e Remove source of nutrients —
Downstream nutrient loads, particularly
phosphorus and nitrogen reduction with the
excavation and removal of approximately
17,000 cubic yards of accumulated sediment.
It has been estimated, based upon nutrient
testing of on-site sediment samples, that 6.7
tons of total phosphorus and 16.6 tons of
total nitrogen would be removed. Proposed
floodplain conditions would consist of a
highly vegetated surface with root zones that
extend well into base flow and/or
groundwater elevations. The newly created
floodplain area has been designed as a
riparian wetland system.  An attached
floodplain with increased vegetative cover
and  wetland characteristics ~ would
significantly enhance de-nitrification and
reduction of downstream nitrogen loads.

o Ameliorate catastrophic failure of existing
in-stream dam (that was constructed in
1972) and associated erosion and forest
impacts

o Reduce sediment reaching Clopper Lake
(Sediment  TMDL) —  Decreased
sedimentation in downstream reaches and
Clopper Lake will result from the
elimination of the mechanisms for stream
bank erosion and by the removal the failing
SWM dam currently holding a large quantity
of sediment.

e Improve channel geomorphology — The
restored channel would result in much more
aesthetically pleasing recreational
environment for the community that has
been wvery supportive of the proposed
improvements through the design process.

o Facilitate improved wildlife habitat
e Facilitate improved aquatic habitat

e Restore floodplain functions

SHA also believes that this project will fulfill the
threefold purpose stated in the 2000 Maryland
Stormwater Design Manual which is:

1. To protect the waters of the State from
adverse impacts of urban stormwater runoff;

2. To provide the most effective structural and
non-structural BMPs for development sites;

3. To improve the quality of BMPs that are
constructed in the State, specifically with
regard to performance, longevity, safety,
ease of maintenance, community acceptance
and environmental benefit.

- Down-cutting Channel Downstream from Storm '
Drain Outfall

10/21/2007

Maryland State Highway Administration

1-41

NPDES MS4 Phase I Annual Report



Project Support and Approvals

It should be acknowledged that the City of
Gaithersburg provided extraordinary support for
this project from the beginning and throughout.
SHA is thankful to all individuals that provided
support for engineering, community involvement
and embraced this project.

The project has also been fully supported by the
US Army Corp of Engineers and the MDE -
Water Management Administration, Erosion and
Sediment Control Division. The pre- and post-
construction monitoring plan was approved by
MDE -Sediment, Stormwater & Dam Safety
Division. The final Forest Conservation Plan
was reviewed and approved by the City of
Gaithersburg- Planning & Code Administration.

Chronological Milestones

In April 2007, after SHA coordinated with the
MDE NTWW division, the final design was
presented to MD DNR and an interagency
meeting.  All attending agencies concurred
conceptually on the purpose and need for this
project. DNR expressed concerns regarding the
stormwater management approach of allowing
the “first flush’ directly into the active stream
valleys and channels which diverges from the
standard MDE stormwater practice of retaining
the first flush and slowly releasing it.

Final design construction documents were
submitted in September, 2007. Concurrently,
erosion and sediment control plans were
submitted to the MDE Plan Review Division in
order to continue the stormwater review process.
At the same time, Forest Conservation and
Forest Stand Delineation (FSD/FCP) plans were
submitted to the City of Gaithersburg for review
under their local Forest Conservation Act
ordinance. The FSD/FCP plans were approved
in June 2008.

Additional technical investigations were made on
November 2, 2007, by Dr. Dorothy Merritts, of
Franklin and Marshall College. Subsurface
geoprobes were taken to determine the soil
profile of the valley bottom. Eight subsurface
cores were encased and brought back to the
laboratory for evaluation. The results showed
one-half to five foot thickness of sediments

Failures
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through the valley bottom that are comprised of
silt and clay material dating to approximately
1750. It is generally understood, that this legacy
soil has two to four times the available
phosphorous than the historic floodplain encased
below. The banks of the actively eroding
channel are comprised mostly of these fine
sediments.  This investigation and analysis
confirmed the design intent of removing the
source of nutrients and sediments while creating
a sink with an accessible and well vegetated
wetland floodplain system.

The Final Design Report was submitted to DNR
December 7, 2007 for their review and comment.
On December 9, 2007, the MDE WMA NTWW
division expressed written concerns for an
extensive loss of forested buffer associated with
this project. The letter stated this to be a concern
shared with MD DNR. Additionally, general
concerns about potential floodplain scour as well
as other minor technical and ‘value added’
comments were provided.

Responses to MDE’s comments were generated
collaboratively between the SHA Environmental
Programs Division (EPD) and Highway
Hydraulics Division (HHD). Responses were
provided on January 31, 2008, as well as a
meeting on the same day between SHA
personnel and their design consultants and the
review consultants on behalf of the WMA. The
morning-long discussion went through each
comment and response and each were thoroughly
discussed. Generally, progress was thought to
have been made in alleviating MDE and DNR
concerns. Additional comments were provided
by, US Fish and Wildlife Service, on January 31,
2008.

In March, 2008, an additional memorandum
from US Fish and Wildlife Service and DNR
was received. Collectively, these memorandums
expressed concern with loss of riparian forest
buffer and non-standard water quality treatment.
DNR requested a meeting with all associated
agencies to discuss and finalize judgment on this
proposal.

o }
b A 4.0 - SapRpens ol A .
ailing Infrastructure and Outfalls within
Degrading Reach of LDB

Impacted Trees in Floodplain

10/21/2007 Maryland State Highway Administration 1-43
NPDES MS4 Phase I Annual Report



On March 20, 2008, MDE WWHP placed the
project on Public Notice. Because no comments
were generated by the public notice process, it
was understood by SHA that all comments and
concerns about this project had been addressed to
MDE satisfaction.

From March to June, 2008, SHA coordinated
with DNR and MDE to meet and resolve the
issues being raised by the agencies. By late
June, the 95% complete design plans were ready
at SHA. Forest review with the City of
Gaithersburg was completed on June 25, 2008
with signed and sealed approved plans were
secured by SHA. Advertisement date was set for
August, 2008.

Correspondence  between SHA and the
regulatory agencies occurred through June and
into July, 2008. On July 16", 2008, an office
meeting was held by SHA to discuss the project
with regulatory agencies. DNR expressed
concern with existing tree loss at the project site.
Alternatives had been discussed in past
regulatory meetings, but DNR had not been
present although they had been invited. Many
discussions occurred at this meeting. Although
this project has been in design for three years,
during this meeting the project was evaluated
from its conception. One alternative proposed to
SHA by the agencies was to reconstruct the
failing in-stream dam.

After a lengthy discussion it appeared that the
agencies were potentially agreeable to the
proposed design. The meeting resolution was for
SHA to provide to the agencies details of the
design alternatives that were considered prior to
selection of the final design option. These
alternatives can be used to compare impacts to
the forested buffer by each alternative. As
requested, SHA prepared a summary report to
compare impacts of four different alternatives
which is included in Appendix M of this report.
A follow-up field meeting was scheduled for
August 7, 2008 to discuss these alternatives.

Falling Trees at Floodplain near Failing Dam

¥ . " 2T
Debris and Sediment Upstream of Dam
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As built plans of the in stream dam that failed a year after its construction in 1972

Figure 1-10 Long Draught Branch Failed In-stream Dam (Constructed 1972)
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After the field meeting between SHA and DNR
officials, DNR maintained the position that they
cannot support the project based on “long
standing environmental review policy related to
riparian impact minimization.” SHA has been
unable to convince the regulatory agencies to
permit the project unless the preferred design is
altered to the point that SHA could not support
since the project goals would be greatly
compromised.

A letter from DNR dated September 18, 2008,
was received by SHA providing written
confirmation of DNR’s position. MDE WWP
response was received on October 14, 2008,
outlining that MDE supports the natural resource
agencies’ position. Both letters are included in
the Appendix M of this report to summarize the
position of MDE-Nontidal Wetlands and
Waterways Division, MD DNR Watershed
Services and the US Fish and Wildlife Service.
According to these letters, these agencies will
not permit the project based upon the SHA
preferred design.

SHA Response to Agency Concerns
Concerning the issue raised about forest buffer
and tree impacts, SHA believes that the
impending dam failure will inevitably do more
environmental damage than the proposed
restoration. This anticipated damage includes
tons of sediment moved downstream to Clopper
Lake, devastation to existing forested area and
downstream aquatic environments, severely
migrating channel head cut and resultant
instability of the channel for many years that
could threaten the stability of adjacent parking
lots, dwellings and MD 117.

A breach analysis was performed (Appendix M)
and Alternate 1 is the no-build option. This
analysis anticipates that 1.9 acres would be
impacted by a complete dam breach that would
encompass 47 trees greater than 18 inch DBH.
During the first 2.2 hours, an estimated 12,000
tons of sediment would be moved downstream.
The ultimate impact to the area will last for many
years as the channel seeks to stabilize, resulting
in much worse impacts and greater numbers of
trees ultimately failing than we are able to

quantify.

i T .
Development Encroachment Limits Access for
Flood Flows and Results in Bank Erosion

' Intability d Rapid Migration
of Stream Channel
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Design Alternates 2 and 3 show fewer trees
being impacted but have serious drawbacks that
threaten success of the project. The preferred
Alternate 4, while actually impacting more trees
initially (54) will ultimately stabilize the reach in
such a way that success is guaranteed and no
new tree failures will be anticipated. Compare
this to the inevitable breached dam and years of
instability that will result in untold numbers of
trees being impacted. A reforestation plan was
included in the project and approved by the City
of Gaithersburg.

Our NPDES post-construction monitoring plan
and the continuing SHA commitment to monitor
for biological components after construction to
assess the success of the project are other factors
that should encourage agency confidence in this
project.

It is unfortunate that SHA has not been able to
fulfill its commitment to construct this project
and prevent the foreseeable breach of the failing
in-stream dam. SHA has presented its concerns
regarding the dam instability to the regulatory
agencies. It has been pointed out that MDE has
placed specific TMDL goals for Long Draught
Branch and the fact that the instability of this
stream reach itself currently exceeds the daily
loads of suspended sediments, even with the
partially breached dam in place. The loads of
sediments and attached pollutants (phosphorus
and nitrogen) will greatly escalate once the
failing dam fully breaches and will be
transported to the recreational waters of Clopper
Lake. The SHA preferred alternate for the
proposed restoration would reduce the daily
loads of suspended sediments, phosphorous and
nitrogen to be within the TMDL goals for Long
Draught Branch.

H.2  Monitoring Plan

Based on the approval of this project by MDE-
WMA, significant  monitoring  (physical,
chemical and biological) was performed.
Monitoring data was included in the 2007 annual
report and in this current report in the Appendix
.

SHA has included the results of the chemical and
biological monitoring in Appendix | of this
report. This monitoring period between
November 2006 and August 2008 contained only
twenty total events; of those, seven were storm
events. The data indicate that concentrations for
most constituents did not vary when comparing
base flow (dry weather) samples and storm
samples. However, concentrations of BOD
upstream were much higher during the storm
events and TKN concentration upstream was
significantly higher during the base flow.
Pollutant  concentrations  varied  between
upstream and downstream chemical monitoring
sites for Phosphorous, Lead, TSS, and Ammonia,
with elevated concentrations at the downstream
location.

Physical  pre-construction monitoring  was
completed to document the existing conditions
and to assess the current stream stability.
Rosgen Level | and Il assessments were
performed to determine the channel geometry,
profile and pattern, bed composition, stream
classification and bankful discharge. The data is
also provided Appendix 1.

The biological monitoring was performed using
MBSS methods. The MPHI score for the stream
reach was 26.30 which is lower than the average
for Non-Coastal Plain streams (54.74). The
Long Draught Branch Fish 1Bl Score was
measured at 1.44 while the average Fish IBI
Score for Non-Coastal Plain streams is 2.8.
More details are included in the biological
monitoring report in the Appendix I.

Since the project has been cancelled, SHA will
not continue with the monitoring efforts of Long
Draught Branch. The monitoring from the Wet
Infiltration Basin Transitional Performance
Studies will continue our efforts to meet this
permit condition.

H.3  Annual Data Submittal

Monitoring data has been included in the formats
requested as Tables E and F in Attachment A of
the Phase | permit. These are included on the
attached CD.

10/21/2008
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|  Program Funding

This condition requires that a fiscal analysis of
capital, operation and maintenance expenditures
necessary to comply with the conditions of this
permit be submitted, and that adequate program
funding be made available to ensure compliance.

Available Funding

In 2006, SHA had procured open-end consultant
contracts in the amount of $9 million in order to
accomplish both the current Phase | and Phase Il
NPDES permits. We are currently in the process
of procuring additional open-ended consultant
contracts in the amount of $18 million for five
years to continue our efforts for the future.

In addition to the funding commitment from this
office we also use State Planning and Research
funds, Transportation Enhancement Program
funds and SHA Operations and Maintenance
funds in completing NPDES requirements.

Required Fiscal Analysis Data

Currently, SHA tracks spending for the entire
NPDES program and breaks out a few items
such as NPDES Stormwater Facility Program
and industrial activities. We do not currently
track many of the requested areas such as street
sweeping, inlet cleaning or database maintenance
as separate expenditures.

According to our current records, the total spent
for MS4 NPDES and BMP Programs plus
Industrial NPDES are listed in Table 1-18,
below.

Table 1-18 Capital Expenditures for
NPDES at SHA

Expendiure (Wiions

2005 $3.40
2006 $7.26
2007 $5.74
2008 $5.73

Fradariek
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Husigst TMDLS
Crher THDLs
| NPOES M54 Phase | Countns

Nutrient TMDLS

J  Total Maximum Daily Loads

The permit states that MDE has determined that
owners of storm drain systems that implement
the requirements of this permit will be
controlling  stormwater pollution to the
maximum extent practicable. Therefore,
satisfying the conditions of this permit will meet
waste load allocations specified in Total
Maximum Daily Loads (TMDL) developed for
impaired water bodies.
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However, we are aware that the next permit
terms will have greater TMDL involvement with
waste load allocation requirements. To this end,
SHA is working to develop a TMDL
implementation strategy for our agency that will
encompass many facets of our organization on
many levels. Some of these aspects include are
discussed below.

TMDL Watersheds and Tier 1l Streams

Of particular concern will be awareness of which
watersheds are impaired by which pollutants and
which watersheds are considered Tier 1l
watersheds where the anti-degradation policy
applies. Assessing the SHA involvement in the
watershed impairment is important and we are
working towards developing tools to determine
this and developing an understanding of the
models that have been utilized in generating the
TMDL documents. Working with watershed
organizations, the MDE Science Services
Division and Water Management
Administration, local NPDES jurisdictions and
the local communities will be of high
importance.

CTP Development and Growth Trends

Future trends in development are important to
understand in order to target future road
improvements to those areas where growth is
desired and away from those where growth is
not. This will create certain efficiencies in
impervious area accounting and treatment. It
will also preserve important environmental
features such as wetlands, habitat, and green
infrastructure. Development of the Consolidated
Transportation Plan (CTP) can be predicated
upon these trends.

SHA Impervious Surfaces and Land Uses

SHA will need to address critical thinking
concerning placement of impervious surfaces.
Planning road improvements with the need to
strategically implement stormwater management
will become paramount. Also of importance will
be the recognition that functional classifications
of roadways and the associated vehicle usage

numbers are important in assessing pollutant
loadings. Areas of higher usage will produce
more pollutant loads than areas of less use.
Methods to reduce pollutant loadings can be
concentrated in areas or highest concern.

2030 Land Use for Maryland
Current Trends

Legend

Il Development
Agriculturc
N Forest
Water

0510 20 0 40 =B
e T

2030 Land Use for Maryland
Smart Growth Scenario

#/DP

Legend

I Development
Agriculture

B Forest “a:f
Water s
g i,
v @
e ACMHGS -Vé?’d .‘fDP

Different Scenarios for 2030 Growth
Patterns in Maryland

Figure 1-17 illustrates the breakdown between
urban and rural classifications (lane miles for
each SHA district broken out by functional
classification). While most of the Phase |
counties are characterized by a majority of urban
classified roadways, Charles, Carroll and
Frederick counties are characterized by mostly
rural roadways.
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Figure 1-17 SHA Roadway Functional Classifications by NPDES County
(2007 Lane Miles)
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PART TWO

Special Programmatic Condition

This section addresses the special condition
contained in Part V. of the permit that reads:

Since the signing of the Chesapeake Bay
Agreement in 1983, Maryland has been
working toward reducing the discharge of
nutrients and sediments to the
Chesapeake Bay. SHA's highway
network traverses all ten of the Bay’s
major tributaries in Maryland. This
NPDES permit encourages the SHA to
coordinate with localities specified in Part
[.B. of this permit and assist with the
implementation of the Tributary Strategies
designed to meet the nutrient and
sediment reduction goals.

SHA is committed to reducing the discharge
of nutrients and sediments to the Chesapeake
Bay. The fact that the State and Federal
highway networks traverse all the major Bay
tributaries in Maryland points out the
important role we have in impacting the
success of statewide tributary strategies. In
Part One of this report, we discuss in detail
our many efforts underway to keep the
Chesapeake Bay perspective in view while at
the same time plugging into local watershed
level activities. Here, we discuss efforts on a
state, regional or national level.

Urban Stormwater Work Group (USWG)

SHA is a participating member of the Urban
Stormwater Work Group. The USWG is a
Chesapeake Bay Program committee that is a
combination of the Nutrient Subcommittee
and the Toxics subcommittee and seeks to
address issues related to the prevention and
reduction of chemical contaminants, nutrients
and sediment from urban and suburban runoff.
As a participating member, SHA s
particularly aware of the challenges in
establishing the BMP efficiencies for the Bay
Model. The USWG work plan focuses on the
following five initiatives:

o Stormwater Directive Implementation,

e Tributary Strategies Development,
Implementation and Modeling Support,

e Low Impact Development (LID) and
Environmental Site Design (ESD),

e Maintenance of Urban Stormwater BMPs,

e Innovative Technologies.

Green Highways Partnership (GHP)

SHA has been a founding partner in the Green
Highway Partnership, an effort by EPA,
FHWA and SHA. The mission statement of
the GHP is: “Through concepts such as
integrated planning, regulatory flexibility, and
market-based rewards, GHP seeks to
incorporate environmental streamlining and
stewardship into all aspects of the highway
lifecycle.”

Green highways are defined by an effort to
leave the project area “better than before”
through community partnering, environmental
stewardship, and transportation network
improvements in safety, functionality, and
aesthetics. What this means differs from
project to project, and location to location, and
SHA has partnered with EPA to define the
green highway parameters for stormwater
management.  In this capacity, SHA is
involved in demonstration projects promoting
innovative stormwater management practices.
These include developing a watershed-based
approach for managing stormwater (through a
grant initiative with EPA) and partnering with
Prince George’s County and the Chesapeake
Bay Alliance to implement a decision support
model that operates as a guiding principle for
stormwater concept development.

SHA’s early involvement in the Green
Highway Initiative included:

10/21/2008
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o Executive Session, College Park, MD,
Nov. 2005 - Participated in roundtable
planning effort.

e Green Highways Forum, College Park
MD, Nov. 2005 — Moderated sessions,
lead workshops, presented.

e Anacostia Executive Charette, College
Park, MD, Nov. 2006 - Participated in
executive meeting intended to beg+in a
dialogue on restoring the Anacostia
watershed.

SHA’s recent involvement in the Green
Highways Partnership includes:

e US 301 Green Highways Charrette, April
2007 — US 301 has been targeted to be the
first major green highway project. The
main components of green highway
recognition are watershed-based
stormwater management, recycling and
reuse of materials, ecological design and
enhancement, and sustainability.

o Framework to Implement a Watershed-
Based Approach to SWM — A grant from
the EPA to develop a framework for
DOTs to implement a major component of
the green highway philosophy. This is
discussed in Section F.4.

Chesapeake Bay Tributary Strategies

As active members of the Chesapeake Bay
watershed, SHA is also active in the tributary
strategies published by the Maryland
Department of Natural resources in the
document Maryland’s Chesapeake bay
Tributary Strategy Statewide Implementation
Plan, August 2, 2007. Under other state
initiatives to address the implementation gaps,
SHAs involvement is described as:

Maryland State Highway Administration (SHA) —
Transportation Components

New Erosion/Sediment Control Program

SHA has launched new erosion and sediment
control policies that took effect on all SHA projects
advertised after April 1, 2006. Changes to the
program provide for: « New incentives and revise
liquidated damages for erosion and sediment

control; « Mandatory enhanced training and
certification requirements for inspectors,
contractors, designers, and engineers, including
SHA personnel, over and above the MDE “Green
Card” training; « Improved limit of disturbance
labeling on construction plans; and » An improved
E&S rating form for Quality Assurance (QA)
inspectors.

Environmental Monitors

Several MDOT agencies employ separate
Environmental Monitors for large, complex or
design/build projects to work closely with all parties
to inform and resolve issues as they arise.

Green Highways Partnership

SHA is a leader and active participant in the Green
Highways Partnership, a proactive approach to
improving the environmental performance of
highways and their integration into watersheds
through coordination with local governments and
the private sector. Green highways are defined by
an effort to leave the project area “better than
before” through community partnering,
environmental stewardship, and transportation
network improvements in safety and functionality.

What this means differs from project to project, and
location to location and SHA has partnered with
EPA to define the Green highway parameters for
stormwater management. In this capacity, SHA is
involved in demonstration projects promoting
innovative stormwater management practices.
These include developing a watershed-based
approach for managing stormwater (through a grant
initiative with EPA) and partnering with Prince
George’s County and the Chesapeake Bay Alliance
to implement a decision support model that
operates as a guiding principle for stormwater
concept development.

In addition to their transportation mission, SHA is a
supporter of watershed based stormwater
management. They define this vision of stormwater
management as a concept that recognized that
highways coexist with other land uses in
watersheds, and a collaborative approach with
others by providing an opportunity for highway
agencies to plan and deliver stormwater
management that is not only a better fit for the
watershed, but is also sustainable, exhibits
improved visual quality and is cost effective.

SHA has created a GIS database in response to
NPDES requirements and this tool has proved
useful in supporting the Green Highway initiative by
allowing GIS analysis tools to be employed in
establishing and responding to watershed priorities.
The result is improved monitoring of the system
overall, improved effectiveness of stormwater
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management on a local and statewide level, and
better decisions making for future facilities.

Transportation Enhancement Program

In addition to the management of stormwater on
construction projects MDOT, supports the use of
the Transportation Enhancement Program (TEP) to
fund watershed improvement projects, such as
stream restorations, fish blockage removal, wetland
restorations and stormwater retrofits. Since 2000
the TEP has funded 30 such proposals, both by
local governments and as SHA projects.

Green Infrastructure

SHA is working with DNR and other resource
agencies in using Maryland’s Green Infrastructure
(GI) Program to assist in decision making under the
National Environmental Policy Act (NEPA). Through
the assessment and mapping of existing natural
lands, DNR identifies the areas that are most
valuable in providing ecosystem services, such as
cleaning the air, filtering and cooling water, storing
and cycling nutrients, sequestering carbon, and
protecting areas against storm and flood. The Gl
process also identifies land cover “gaps” that can
be targeted for restoration. In the planning process
for major projects, such as improvements to U.S.
301 through Waldorf, green infrastructure
assessment and mapping is assisting planners in
avoiding the most ecologically valuable land during
the selection of projects alternatives. As project
planning progresses, the Gl process can be used to
enhance mitigation of necessary impacts by
identifying ecologically significant land for
conservation and targeting impaired areas for
restoration.

Continuing Commitment

The initiatives and collaboration discussed
above and throughout this document testify to
our concern for the survival of this valuable
resource, the Chesapeake. Our commitment is
in the hope that it can endure to grace the lives
of generations to come.

10/21/2007



Maryland State Highway Administration
NPDES MS4 Phase I Annual Report

10/21/2008



PART THREE

Stormwater Management Facilities Program

3.1 Introduction

This section of the report summarizes Maryland
SHA’s  Stormwater Management (SWM)
Facilities Program activities between October
2007 and October 2008.

Based on the latest estimates SHA owns about
2,016 stormwater management (SWM) facilities
statewide that were constructed since the early
1980’s. Since 1999, SHA has managed a
comprehensive program to locate, inspect,
evaluate, maintain and remediate BMPs to
sustain their functionality, improve water
quality, and protect sensitive water resources.

The program’s primary goal is to maintain
SHA's stormwater facilities to operate as
designed and to strategically enhance their
functions to meet today’s stormwater standards.
The SWM Facilities Program consists of four
major components:

o Identification, inspection and database
development to manage SHA assets,

e Maintenance and Remediation of BMPs,

¢ Visual and environmental quality
enhancements, upgrades and retrofits,

¢ Monitoring, research and technology tools
development.

The program focuses on the remediation and
enhancement of BMPs. This effort requires
continuous improvement of the BMP inspection
procedures, data management system, tools to
track the performance and remediation actions.
SHA has developed a prioritization system for
remedial activities, and to develop new
technologies for repairing or retrofitting BMPs
including visual and functional enhancement
projects. A part of the SWM Facilities Program
is research on performance and efficiency of
commonly used BMPs.

3.2Inventory and Inspection

The following section summarizes the inspection
system and inventory results to provide a status
of SHA-owned SWM facilities.

3.2.1 Inspection Protocol

The key to an efficient maintenance program is a
detailed and consistent inspection assessment.
Therefore, SHA had updated the BMP inspection
manual that became a Chapter 3 of the NPDES
Standard Procedures Manual.

Performance Rating

The initial assessment of a SWM facility is a
field inspection where individual parameters are
scored (on scale 1 to 5) then used to establish an
overall BMP performance rating:

A No Issues — BMP functioning as designed
with no problem conditions identified. There
are no signs of impending deterioration.

B Minor Problems are observed, however,
BMP is functioning as designed.

C Moderate Problems are observed, however
BMP is functioning as designed, but some
parameters indicate the performance and
functionality are compromised.

D Major Problems are observed, and facility is
not functioning as designed. Several issues
may exist that have compromised the BMP
performance or indicate failure

E Severe Problems — exist, and facility is not
functioning as designed with several critical
parameters having problem conditions. BMP
facility shows signs of deterioration and/ or
failure. Remedial action should be performed
immediately.
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The inspection protocol is summarized in the
recently updated guidance document “Best
Management Practice Field Inspection &
Collection Procedures”, dated January 2008.
The manual documents the methodologies used
in the field for identifying, locating, and
inspecting SWM facilities statewide. SHA has
expanded the protocol to include criteria for
visual quality as well as inspection for potential
water quality and visual enhancements.

SHA Remediation Rating

SHA performs qualitative evaluation for
maintenance and remediation by assigning the
remedial rating. This is based on the overall
initial inspection rating, performance,
functionality, integrity and visual appearance;
and also scope and complexity of the potential
remedial work:

I No Response Required — schedule for
multi-year inspection.

3.2.2 Inventory

BMP Inventory is being performed countywide
on SHA’s roadways in Maryland jurisdictions
with Phase | and Il MS4 permits, and on a
district-level. Table 3-1 summarizes total number
of BMPs identified in each County and SHA
District. Figure 3-1 provides a statewide status of
the SWM Program in terms of identification,
inspection and remediation as of October 2008.

Table 3-1 Current Statewide SWM Facility
Inventory Summary

No.
24

Dorchester
Somerset 13
1 Wicomico 46 Lo

Worchester 67

Caroline 4
Il Minor Maintenance — perform as necessary Cecil 15
to sustain BMP performance. Upon remedial 2 Kent 6 129
action and re-inspection, can be candidate Queen Anne’s 102
for multi-year inspection. Talbot 2
Montgomery 266
111 Major Maintenance or Repair — is needed 3 Prince 443
. . L ) 182
to return the site to original functionality George’s
within the existing footprint of the facility. Baltimore 169
Structural defects require repair and/or 4 Harford 111 280
restoration. Anne Arundel 428
. . . . . Calvert 41
IV Retrofit Design — is required on-site or at 5 Charles il
another location, since BMP cannot be St Mary’ 7
returned to its original functionality within ary s
its existing footprint. Allegany 38
6 Garrett 12 66
V Immediate Response — is mandatory to Washington 16
address any public safety hazards regardless Carroll 41
of the functionality of the BMP. 7 Frederick 55 347
Howard 251
VI Abandonment - of the BMP when the State 2,016
facility is not maintainable and will not
provide sufficient benefits if retrofitted due
to the lack of access for construction and
maintenance, limited space or minimum
impervious area treated.
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BMP inventories are being constantly updated as
remediation and retrofit projects are completed.
In some instances, SWM may be replaced,
consolidated, retrofitted, constructed or re-
constructed by private developer to serve as a
Joint Use facility. In order to track pending
changes in BMP inventory, SHA keeps
improving the internal process and database
management tools. As the inventory spans
statewide major efforts of inspection and
maintenance are strategically expedited in
NPDES counties.

3.2.3 Field Inspection

The BMP inventories in counties listed under
Phase | and Il MS4 jurisdictions in the SHA
NPDES Permit are being performed as part of
the source identification. In addition, SHA is
inventorying and inspecting BMP in non-MS4

Table 3-2

Number
Inspected

Type of BMP

Allegany County

SWM Facilities Remedial Ratings Summary by County

counties. SHA  previously completed the
inspections in Montgomery, Howard, Anne
Arundel, Prince George’s, Kent, Queen Anne’s,
Baltimore, Harford,  Garrett,  Allegany,
Washington, Carroll, Charles and Frederick
Counties. Inventory and inspections are also
underway in Calvert, St. Mary’s, Cecil, Caroline,
and Talbot Counties. Re-inspections are
currently being preformed in Anne Arundel and
Prince Georges Counties. The remedial rating for
each inspected county is summarized in the
Table 3-2.

This year SHA completed the statewide
inventory and inspections of SWM facilities
located at SHA maintenance shops, rest areas,
weight stations and salt dome areas. Totally 58
BMPs were identified and inspected. The SHA
shops BMP inventory has been merged with the
current statewide database.

Rating

Detention 10 3 0 7 0 0
Extended Detention 13 8 1 1 3 0
Retention 4 2 2 0 0 0
Infiltration Basin 0 0 0 0 0 0
Infiltration Trench 5 5 0 0 0 0
Shallow Marsh 0 0 0 0 0 0
Other 5 5 0 0 0 0
Totals 37 23 3 8 3 0
Anne Arundel County

Detention 37 32 0 2 3 0
Extended Detention 17 17 0 0 0 0
Retention 41 35 3 2 1 0
Infiltration Basin 51 22 2 2 21 4
Infiltration Trench 270 157 53 9 40 11
Shallow Marsh 2 2 0 0 0 0
Other 6 6 0 0 0 0
Totals 424 271 58 15 65 15
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Table 3-2 SWM Facilities Remedial Ratings Summary by County
Rating

Number
Type of BMP Inspected \Y \%

Baltimore County

Detention 28 22 4 2 0 0
Extended Detention 4 3 0 1 0 0
Retention 18 15 1 2 0 0
Infiltration Basin 34 25 0 2 6 1
Infiltration Trench 70 35 5 12 15 3
Shallow Marsh 7 6 1 0 0 0
Other 5 4 1 0 0 0
Totals 166 110 12 19 21 4
Carroll County

Detention 6 0 4 2 0 0
Extended Detention 1 1 0 0 0 0
Retention 4 2 1 1 0 0
Infiltration Basin 2 2 0 0 0 0
Infiltration Trench 18 7 3 6 2 0
Shallow Marsh 0 0 0 0 0 0
Other 8 2 3 3 0 0
Totals 39 14 11 12 2 0
Charles County

Detention 6 3 3 0 0 0
Extended Detention 11 4 7 0 0 0
Retention 13 3 10 0 0 0
Infiltration Basin 8 2 1 3 2 0
Infiltration Trench 43 6 9 20 8 0
Shallow Marsh 0 0 0 0 0 0
Other 18 16 2 0 0 0
Totals 99 34 32 23 10 0
Frederick County

Detention 14 14 0 0 0 0
Extended Detention 5 4 1 0 0 0
Retention 14 14 0 0 0 0
Infiltration Basin 1 1 0 0 0 0
Infiltration Trench 12 11 1 0 0 0
Shallow Marsh 1 1 0 0 0 0
Other 7 7 0 0 0 0
Totals 54 52 2 0 0 0
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Table 3-2 SWM Facilities Remedial Ratings Summary by County
Rating

Number
Type of BMP Inspected \Y \%

Garrett County

Detention 1 1 0 0 0 0
Extended Detention 2 2 0 0 0 0
Retention 2 1 1 0 0 0
Infiltration Basin 0 0 0 0 0 0
Infiltration Trench 4 4 0 0 0 0
Shallow Marsh 0 0 0 0 0 0
Other 2 2 0 0 0 0
Totals 11 10 1 0 0 0
Harford County

Detention 14 11 3 0 0 0
Extended Detention 5 4 0 1 0 0
Retention 9 8 1 0 0 0
Infiltration Basin 19 15 3 1 0 0
Infiltration Trench 59 30 11 1 17 0
Shallow Marsh 3 3 0 0 0 0
Other 0 0 0 0 0 0
Total 109 71 18 3 17 0
Howard County

Detention 13 13 0 0 0 0
Extended Detention 27 27 0 0 0 0
Retention 25 21 1 3 0 0
Infiltration Basin 65 61 1 3 0 0
Infiltration Trench 17 9 0 0 7 1
Shallow Marsh 103 76 0 0 20 7
Other 16 16 0 0 0 0
Totals 221 179 2 5 27 8
Kent County

Detention 0 0 0 0 0 0
Extended Detention 4 3 1 0 0 0
Retention 1 1 0 0 0 0
Infiltration Basin 0 0 0 0 0 0
Infiltration Trench 0 0 0 0 0 0
Shallow Marsh 0 0 0 0 0 0
Other 0 0 0 0 0 0
Totals 5 4 1 0 0 0
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Table 3-2 SWM Facilities Remedial Ratings Summary by County
Rating
Number
Type of BMP Inspected ]
Montgomery County
Detention 29 26 1 0 2 0
Extended Detention 27 25 0 2 0 0
Retention 43 35 3 3 2 0
Infiltration Basin 19 15 0 1 3 0
Infiltration Trench 118 104 0 2 12 0
Shallow Marsh 6 6 0 0 0 0
Other 21 19 2 0 0 0
Totals 263 230 6 8 19 0
Prince George’s County
Detention 13 11 1 0 1 0
Extended Detention 4 2 1 0 1 0
Retention 34 31 2 0 1 0
Infiltration Basin 16 13 1 1 1 0
Infiltration Trench 84 32 24 9 15 4
Shallow Marsh 21 19 1 0 1 0
Other 5 5 0 0 0 0
Totals 177 113 30 10 20 4
Queen Anne’s County
Detention 2 2 0 0 0 0
Extended Detention 0 0 0 0 0 0
Retention 16 12 0 3 1 0
Infiltration Basin 1 1 0 0 0 0
Infiltration Trench 8 6 0 1 1 0
Shallow Marsh 11 9 0 2 0 0
Other 63 0 63 0 0 0
Totals 101 30 63 6 2 0
Woashington County
Detention 7 7 0 0 0 0
Extended Detention 0 0 0 0 0 0
Retention 2 2 0 0 0 0
Infiltration Basin 2 0 1 0 1 0
Infiltration Trench 2 2 0 0 0 0
Shallow Marsh 0 0 0 0 0 0
Other 2 2 0 0 0 0
Totals 15 13 1 0 1 0

*  This inventory includes only inspected and rated BMPs. Additional facilities have been
identified since the last inspections cycle.
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STORMWATER MANAGEMENT FACILITIES
INSPECTION AND REMEDIATION PROGRAM
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Figure 3-1 SWM Facilities Inspection and remediation Program
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3.3 Maintenance & Remediation

This section summarizes the status of SHA
maintenance and remedial responses to
deficiencies identified through the inspections of
SWM facilities. The program’s primary goal is
to keep SHA stormwater facilities operating as
designed and to strategically enhance their
functions. The responses are separated between
routine maintenance major maintenance and
retrofit projects. Figure 3-1 shows the status of
the remediation responses by either maintenance
or retrofit/enhancement design.

3.3.1 Routine Maintenance

Routine maintenance is generally considered a
repair activity that addresses minor issues. The
objective is to maintain performance of a BMP
and/or to avoid deterioration of specific BMP
elements. SWM facilities that require routine
maintenance are assigned "11" rating by SHA.

SHA has currently completed most of routine
maintenance in many of the inspected counties
using two $1.5 million Open Ended Maintenance
contracts that were advertised during the summer
2005. These contracts perform both routine and
major maintenance on the average of every 24
months. Due to an extensive workload, routine
maintenance tasks are completed by a contractor
selected through a competitive bidding process

Table 3-3

rather then SHA Office of Maintenance crews.
However, once the statewide inventory/
inspection database and full cycle of
maintenance are completed, the SWM routine
maintenance tasks may be managed by
individual SHA District maintenance offices.

Table 3-3 lists the number of facilities requiring
routine maintenance and the total number that
were maintained since the last report to this date.
The Table 3-4 summarizes the routine
maintenance cost by county between October
2007 and October 2008.

In order to perform SWM facilities maintenance
more effectively, SHA is implementing an
innovative contracting approach by advertising
SWM Facilities Design, Operate and Maintain
Project (DBOM) for Charles County. The project
proposed scope was presented at MDQI
conference in January 2008 to large audience of
engineering and construction companies, and it
was advertised in August 2008. The notice to
proceed will be given in March 2008 to the
selected winning team composed of an
engineering company partnering with a
construction firm with SWM maintenance
experience. The team will be responsible for a
county wide inspections, inventory database
updates, SWM facilities maintenance and
remediation, 10 retrofits design, permitting and
construction with specific performance goals for
3 years.

Minor Maintenance Summary

BMPs for
County District Maintenance
4 12

BMPs Maintained
10/2007 to 10/2008

Baltimore

Frederick 7 2 10
Harford 4 18 2
Montgomery 3 6 13
Total 38 27
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Table 3-4

Minor Maintenance Cost

Year 2007 / 2008

Funding Allocation Funding Amount

Baltimore County $1,344.00
Frederick County $10,905.67
Harford County $4,601.00
Montgomery County $13,018.84
Total $29, 869. 51

3.3.2 Major Maintenance

SHA performs major maintenance tasks that
address significant deficiencies at BMPs through
the time & material open ended contract lead by
Highway Hydraulics Division. The intent is to
restore performance of a BMP and/or to avoid
failure of specific elements. SWM facilities that
require major or remedial maintenance are
assigned a "I11" rating by SHA. Figure 3-2 shows
an example of SWM Facility requiring major
maintenance in terms of dredging of
accumulated inflow points’
stabilization.

sediments and

Figure 3-2: BMP15313 - Significant Inflow and
Accumulation of Sediments and Debris

SHA continues performing detailed field
assessments for BMPs identified for major
maintenance. A workorder and a summary report
is prepared for each BMP that provides sketches
using as-built plans, photographs, cost estimate,

Major maintenance is underway in all
inspected counties. Table 3-5 lists the total
number of facilities requiring major
maintenance and the total number that were
maintained between October 2007 and

October 2008. Table 3-6 summarizes the
associated costs in each county

Inflow Channel Stabilization
(BMP13007) - during construction

Figure 3-3:

9

repair recommendations, specifications MOT.

Flg_ure 3-3 shows very typl_cal remediation Figue34: Inflow Channel Stabilization

activity - SWM pond inflow channel (BMP13007) — After Construction
stabilization.
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Table 3-5 BMP Major Maintenance Summary

BMPs Yet to Be intai
County District Maintained 10/2007 t010/2008
8 4

BMPs
Maintained

Allegany 6

Anne Arundel 5 15 13
Frederick 7 0

Garrett 6 0

Harford 4 3 10
Howard 7 5 3
Montgomery 3 8 59
Prince George’s 3 10

Queen Anne’s 2 6

Washington 6 0

Total 55 106

Table 3-6

Major Maintenance Cost

Year 2007 / 2008

Funding Allocation Funding Amount

Allegany County $13,115.53
Anne Arundel County $162,107.05
Frederick County $3,967.21
Garrett County $4,261.63
Harford County $19,735.25
Howard County $55,801.28
Montgomery County $150,608.22
Prince George’s County $19,265.24
Queen Anne’s County $61,128.05
Washington County $9,624.77
Total Costs $ 499, 614. 23

3.3.3 Infiltration Trench Remediation

SHA continues remedial actions for infiltration
trenches since they represent almost half of
SHA'’s current SWM facilities inventory. The
infiltration trenches were originally designed to
provide water quality treatment for the first % in
runoff based on the older MDE design standards.
Nearly half of inspected the trenches have been
identified as failed or requiring remediation.

Field inspections indicate large number of
infiltration trenches without an observation well.
SHA continuously installs the missing wells in
order to identify and monitor the functionality.
The failed infiltration trenches are grouped into
individual retrofit projects by which the sites are
being redesigned and replaced by more suitable
and efficient BMPs. Among other projects, SHA
initiated remediation project for number of non-
functioning infiltration trenches along MD 43 in
Baltimore County.

3-10
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Figure 3-6 Infiltration Trench Investigation / Remediation Project along MD 43 — sites targeted for
enhancement and retrofit
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3.3.4 SWM Retrofits, Visual and
Functional Enhancement Projects

MD SHA has actively continued design as well
as construction phases of SWM Functional
Enhancement Projects funded through State
Fund for drainage improvements. When
appropriate, SHA seeks partial funding match
from the Transportation Equity Act for the 21%
Century (TEA-21) Enhancement Funds. The
projects have been initiated with the intention to
improve the pollutant removal efficiency and
bring the functional parameters up to the current
standards required by the MDE 2000 Maryland
Stormwater Design Manual, Volumes | and Il
and MDE Guidelines for State and Federal
Projects, dated July 1, 2001. The new design

criteria include groundwater recharge volume,
and water quality volume. In addition to the
functionality upgrades, the enhancement
projects are intended to improve aesthetic value,
provide refuge to local wildlife and increase the
water quality benefits.

In previous reports, SHA provided a list of BMP
retrofit/enhancement sites proposed in Anne
Arundel and Prince Georges Counties. The
Anne Arundel County project has been
separated into 2 phases due to the permitting
issues and each phase was advertised at
different time. The status of the current projects
is summarized in Table 3-7. The total cost does
not include $1, 750,000 for projects currently
under preliminary design.

Table 3-7: BMP Enhancement and SWM Retrofit Projects Summary

No No. of Contract Construction
Project County BMPs Number Cost Estimate Status
Functional Enhancement of Construction to be
i SWM Facilities — Phase 1 AA B SR completed in Fall 2008
Functional Enhancement of Bid Opening Date 10/18/07
i SWM Facilities - Phase 2 (A ! el || RIS Under Construction
Stormwater Functional AL 3 AL3555174 $828,324 Advertisement Date
3 Enhancements in AL 02/05/2009
___ County
1-97 SWM Facilities AA 14 AAb5355174 1,326,318 Advertisement Date
__ Functional Upgrades February 2009
Glen Burnie SHA Maint. Advertisement Date in
i Shop Bioretention Retrofit AA 1 ISR S7ELI0E Spring 2009
MD 235 - SWM Facility Pl Estimate Under Design
i Retrofit i L SM356A21 $289,000 Semi- Final Review
MD 4 - Retrofit of Failed PI Estimate Under Design
L Infiltr. Basins & Trenches 2 S| aEsrEE $800,000 Preliminary Investigation
MD 355 — Retrofit of SWM Preliminary Currently on- Preliminary
8 Faility 15012 MO 1 MOAIOAZL T 5550,000 $250,000 hold
g MD 32 and US 50 - Failed AA 5 TBD Preliminary Field Investigation,
__Infiltration Basins Retrofit $500,000 Concept design
MD 43 — Failed Infiltration Preliminary Field Investigation,
10 Trenches Retrofit Project i) = UED $700,000 Concept design
Total 51 $7,831,897
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Vegetated islands and shallow areas Deep Pools Agquatic plants and native grasses

Figure 3-7Functional Enhancement of Infiltration Basin at US 50 - Before, During and After Construction
(BMP 2488)
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Before construction (11/2005) During Construction (10/2007) After construction (10/2008)

Figure 3-8 Reconstruction of Infiltration Basin into Pocket Wetland at US 50 (BMP 2273)

N

After construction (10/2008)

Before the constructi (11/2005)  During Construction (10/2007)

Figure 3-9 Reconstruction of Infiltration Basin into Micropool Extended Detention Pond (BMP 2481)

Before construction (11/2005) During construction (10/2007) After construction (10/2008)

Figure 3-10 Reconstruction of Infiltration Basin into Micropool Extended Detention Pond (BMP 2522)
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Figures 3-7 through 3-0 show the construction
completion of SWM facilities enhancements in
Anne Arundel County. The design process
included Visual Quality review as a part of the
landscaping design to assure successful
establishment of the aquatic and upland
plantings.

SHA continues the final design efforts with
SWM Functional Upgrades project in Anne
Arundel County. The selected sites are shown in
Figure 3-11.and summarized in Table 3-8.
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Figure 3-11 SWM Functional Upgrades Sites

Along 1-97 in Anne Arundel County

Proposed project includes infiltration trenches
enhancements or replacement to increase
treatment from 1/2 to 1 inch of runoff and as
well as to improve water quality treatment to
meet current standards. Most selected sites are in
environmentally sensitive watersheds including
Severn River. The enhancements focus on
maximizing pollutant removal efficiencies and
improving functionality by upgrading facilities
to meet today's standards. The project will be
advertised in February 2009 with notice to
proceed in April 2009.

BMP f SWM | SHA | Proposed
No. Facility | Road Enhancement

Infiltration Dry Swale

Ao Trench 100 (0-1)
Infiltration MD  Dry Swale

2 29 peneh 100 (0-)
Infiltration Sand Filter

3 2185 Trench e (0-1)
Infiltration Dry Swale

4 2198 Tronch sl (0-2)
Infiltration Dry Swale

5 2201 Trench 1-97 (0-2)
Infiltration Dry Swale

6 2203 Trench 1-97 (0-1)
Infiltration Dry Swale

! 2204 Tronch sl (0-2)
Infiltration Dry Swale

8 2205 Trench 1-97 (0-1)
Infiltration Dry Swale

9 2206 Trench 1-97 (0-1)
Infiltration Dry Swale

10 2208 Trench 1-97 (0-1)
Infiltration Dry Swale

11 2210 Trench 1-97 (0-1)
i Underground
12 221 MMRNON g7 sang Filter

(F-2)

1-97
Infiltration / Dry Swale
13 222 Trench MD  Filter (F-1)
178
14 2476- Infiltration 1-97/ Wet Pond (P-
2477  Trench MD 1( 2)

Table 3-8 SWM Functional Upgrades in Anne
Arundel County

The new standard elements and criteria include
channel  protection volume, groundwater
recharge volume, water quality volume,
micropools, aquatic benches with wetland
plantings, pre-treatment forebays, appropriate
riser control structures to provide water quantity
control and to minimize downstream adverse
impacts, as well landscaping and visual
enhancement to increase the aesthetic value of
highly visible SWM facilities.

In summary, the proposed enhancements will
contribute to improvement of water quality in the

10/21/2008
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environmentally sensitive watersheds such as

3.4 Other Topics

3.4.1 Data Management

To-date SHA has performed inventory of SWM
drainage infrastructure in seven counties and
BMPs in all twenty-three counties. In addition,
SHA has performed field inspections of BMPs
in thirteen counties and initiated five additional
counties. SHA has proceeded with the second
cycle re-inspection in four counties. This work
involves the continuous creation and updating
of GIS data for source identification and
database  records for inspections and
remediation activities.

SHA has finalized the structure of ESRI
geodatabase that consolidates the data
previously stored in ESRI ShapeFiles and MS
Access relational database. The geodatabase has
a detailed schema that allows for the
establishment and enforcement of topologic
and/or network rules and unique data entry. The
new database format resulted in improved data
intelligence and integrity. In addition, SHA is
developing automated Quality Assurance (QA)
checks to ensure the quality of the data being
routinely created by either SHA staff or
consultants.

Along with the new database format, a new data
viewer tool is being developed to replace the old
BMP Viewer. The functionality of this tool
allows the user to view the spatial information
as well as digital images associated with each
BMP including as-built plans, photographs,
inspection reports and other documents. BMP
Viewer can be used to view data from various
levels such as a highway corridor, MSHA
district, County, or watershed.

The primary goals of the new tool are the:

o Design Web-based environment using up-
to-date technology,
e Preserve functionality of the current

Severn River, South River and Patapsco River.

desktop tool,

o Develop new components which capture
and streamline the existing BMP business
process and rules.

e Assist in data management for BMP
maintenance and remediation tasks

Figure 3-13 includes several screen captures of
the newly developed tool. Currently the BMP
Viewer functionality includes the following
components:

Mapping Tool

Data Query Builder

Grid View Tools

Detail Reporting View

Historical Data View
Maintenance Activities Tracking
Design Project Management Tool

The new BMP Viewer is being designed to
provide functions that will help SHA staff to
manage the overall SWM Program, as well as
allow wide range of users to access the available
BMP and drainage system data more efficiently
in order to administer day-to-day activities.

3.4.2 Standard Procedures Updates

Since the last Annual Report SHA completed
additional updates to the Standard Procedures
Manual including Chapter 3 Best Management
Practice Field Inspections & Data Collection
Procedures to improve the standardization of all
relevant data. The current document includes
the updates on the data collection as the result of
the integration of the data into Geodatabase and
SHA's continued efforts to improve the NPDES
Program.

In addition, SHA has developed a first draft for
the Chapter 7 BMP Assessment Guidelines for
Maintenance and Remediation to standardize
and streamline the field inspections, assessment
for remedial actions and development of
maintenance work orders for the contractor. The
Document is included in Appendix K.
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/ In order to maintain consistency and
compatibility in the data collected during source
| identification and BMP inspection, SHA
continues  conducting NPDES  Standard
Procedures Workshop for outfall inspections,
BMP inspections and illicit discharge screening.
s (Figure 3-12) Approximately 25 consultants and
& SHA engineers completed the 3 day training in
: December 2007 and another group of 20 is
. scheduled for training in November, 2008.

| 3.5 Summary

g

- SHA continues improving protocols and
standard procedures for inventorying and
inspecting SMW facilities. This leads to the
development of a responsive maintenance
program to sustain BMP performance, and also
includes functional and visual enhancements to
upgrade SWM to the today’s standards. SHA
researches SWM facilities performance through
monitoring and research studies. SHA continues
development data management technology to
manage and utilize BMP data more efficiently.
Tools are being developed to help to make
timely decisions on remedial actions, and meet
NPDES permit requirements.

Figure 3-12 BMP Field Inspections during
Standards Procedures Workshop

SHA'’s Business Plan goes beyond the NPDES
permit requirements by promoting the statewide
inventory and a high-level of BMPs
performance. The goal is to bring 90 percent of
SHA owned SWM facilities to their
functionality by FY 2010. Figure 3-13
summarizes the progress.

SWM  Facilities Program  has  shown
environmental stewardship in the areas of
innovative state-of-the-art inspection and data
management technology as well as BMP
remediation  techniques.  The  program
components and structure demonstrate strategic
approach to meet the NPDES Permit
requirements and enhance the performance
efficiency of SWM facilities to improve water
. - quality in the sensitive watershed of Chesapeake
i . [ Bay

Figure 3-13 BMP Viewer Screen Captures
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Figure 3-14 Progress in SWM Facilities Program
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Chapter 2
Source ldentification

2.0 INTRODUCTION

Section 2 discusses the standard methodology for inventorying all drainage system
components owned or maintained by SHA. This section serves as an instruction manual for
collecting data and populating the NPDES Geodatabase. Each storm drain feature in the
inventory and associated information that is entered into the geodatabase is discussed. The
methods presented here for identifying the appropriate information and entering that
information into the geodatabase will ensure consistent data population by database
developers and users. It is highly recommended that teams use the Field and Office Editing
Tool (FET and OET) to edit the geodatabase.

The data being collected is organized into series of drainage systems with stormwater
management facilities that are interconnected allowing for flow tracing function through
distinct systems. Closed and open storm drain structures are connected by pipes and ditches
to create the drainage system. Stormwater management facilities (SWMF) are inventoried
with the storm drain system. A drainage system is defined as a series of storm drain
structures or point features (i.e., manholes, inlets, endwalls) that connect hydraulically
through conveyance features such as pipes and/or ditches. A system can include both open
and closed storm drain features. The procedures for inspecting SWMFs, outfalls, and pipes
are discussed in Chapters 3, 4, and 5.

The first part of Chapter 2 will define the storm drain features that are collected for the
inventory. These structures include inlets, manholes and connectors, end structures, pipes,
and ditches. It is expected that the team has past design experience with SHA and that the
team is familiar with the storm drain standards for SHA. The purpose of the definition is to
re-familiarize the team with storm drain infrastructure features.

The next part of Chapter 2 will discuss how to create the connectivity between storm drain
structures. It will clarify specific rules and situations when creating the connectivity and
populating the database. The purpose of these rules and examples is to maintain consistency
between consultants working on the storm drain data collection tasks. It is recommended
that these rules and situations be reviewed and understood prior to conducting field work.

A work flow process for the procedures of collecting storm drain infrastructure is defined and
described next. This is a step by step procedure for the inventory of storm drain features.
Procedures for inspections are discussed in Chapters 3, 4, and 5.
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Finally, Chapter 2 will discuss the database structure, tables, and fields that are populated
during the inventory process. The database contains feature classes, associated tables, and
fields that are defined. This section of the manual will explain examples and rules to be
followed during the data collection process. The tables and rules should be reviewed prior to
conducting data entry and all questions should be submitted to SHA for confirmation.

In this report, feature class items, table names, and domain values are printed in capital letters
(e.g. PIPES) and field names are printed in italics (e.g. conveyance_id).

2.1 DRAINAGE FEATURES TO BE IDENTIFIED AND
INVENTORIED

All SHA-owned roadways, visitor centers, rest areas, weigh stations, park and rides lots, and
access utility permits are to be investigated for storm drain features. These include storm
drain structures, conveyances, and stormwater Best Management Practices (BMPs). The
collection of storm drain data does not include a formal inspection of each structure, but
major issues are to be alerted to SHA. The initial data is acquired from design or “As-Built”
plans that are provided by SHA and is then verified in the field. The following bulleted list
describes how data is collected and represented:

Contract plans are reviewed to identify storm drain infrastructure

The SHA drainage system will be located and captured with a GPS

The storm drain features will be represented spatially in a geodatabase

Storm drain features will be assigned a number and associated data entered in tabular
format

The storm drain features that will be represented spatially in the geodatabase are listed in
Table 2.1.

Table 2.1 — Storm Drain Features Represented in Geodatabase

Feature Name Feature Type

Endwalls, Headwalls, End Sections, Projection Pipes Point
Inlets, Springheads Point
Manholes, Junction Boxes, Ditch Intersection, Pipe

Connections, Wye Connections, Capped Inlets, Pipe Point
Bends, Pipe Direction

Pump Stations Point
Risers (or Storm Water Management Structure) Point
Weirs, Emergency Spillways Point
BMP Centroid Point
Pipes Arc
Ditches Arc
Hydraulic Connectors Arc
Stormwater BMPs Polygon
Drainage Areas to Stormwater BMPs Polygon
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Feature Name Feature Type
Drainage Areas to Structures Polygon

Tabular database elements include information about the drainage system elements and
reference data to enable cross-linking of database tables. Many of the fields in the tables
have coded value domains to ensure uniformity of data and assist in the integration of the
database. The domain values and descriptions are included in Appendix 2-A. The
geodatabase structure schematic (Appendix 6-A) also includes details on the coded value
domains, including acceptable values and details on feature classes and related database
tables.

Although the purpose of the field verification is not to rate the structural condition of the
drainage features, field crews sometimes observe infrastructure that require immediate SHA
attention. If this occurs the problem should be documented with digital photographs and
SHA notified upon return to the office. Problems that pose an immediate threat to the
general public should be brought to SHA’s attention immediately.

Field Equipment

The following list of equipment should be available while verifying storm drain feature in the
field. Consultants should maintain the following list of field equipment:

e Handheld PC — Some of the data forms to be filled out are available in digital format
and will be discussed later. A field editing application has been developed and is
recommended for use to edit and populate SHA’s geodatabase. More information on
the office and field editing application and hardware is explained more in Chapter 6.
GPS unit with extra batteries

Digital camera with extra batteries

Sampling kit — temperature, pH, phenol, chlorine, detergents, copper, ammonia
Waders/hip boots

25-foot measuring tape

ADC Map book

Safety vests

First aid kit

Machete

Clipboard

Manhole puller

Distance wheel

The next section of Chapter 2 is definitions of storm drain structures to be inventoried. Rules
for creating connectivity and organizing data rules can be found in Section 2.2. Detailed
information on the specific tables and fields to be populated can be found in Section 2.4.

2.1.1 Structures
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Physical structures to be identified and inventoried include headwalls, endwalls, cross
culverts, pumping stations, stormwater risers and weirs, inlets, pipe connections, and
manholes. Storm drain structures are represented as point features in the database. Several
database features are included that are not existing physical structures, but are employed to
facilitate connection of drainage systems in the database. These second type of structures
include pipe directions and hydraulic connectors, and are discussed later in this chapter. For
detailed descriptions of each feature refer to the SHA Book of Standard for Highway and
Incidental Structures, Category 3 “Drainage”. The Standard Manual for storm drain features
can be found online at:

http://www.marylandroads.com/

The following are brief discussions of the structures to be collected.

21.1.1 End/Head Structures

An end/head structure is any structure at the upstream or downstream end of a culvert or
pipe. These can include headwalls, endwalls, endsections, and projection pipes. Often the
end/head structure is designated on the contract sheets and field verified. When contract
plans are not available for a roadway, the SHA Book of Standard for Highway and Incidental
Structures should be referenced if structure types are unfamiliar with field teams.

Inspections will be performed on outfall pipes, structures, and area and will be described in
more detail in Chapter 3, 4, and 5. It is asked that the field crew be cognoscente of outfall
areas at the downstream end of outfall pipes, as they will be inspected. Outfall areas are not
inventoried but should be made aware of during the inspection process.

Headwalls (HW) are structures that are placed at the upstream end of pipes and culverts to
provide a stable or hydraulically desirable entrance to the conveyance. Headwalls are usually
concrete but can be constructed of wood or masonry, such as brick or concrete block. Wall
structures on the upstream side of a culvert or pipe are inventoried as headwalls. Plan sheets
may designate the upstream end of a pipe or culvert as an endwall, but these structures
should be inventoried as headwalls. All wall end structures at the upstream end of a pipe or
culvert should be inventoried as headwalls.

JisaEst

Examples of headwall structures
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Endwalls (EW) are structures that are placed at the downstream end of pipes and culverts to
provide a stable or hydraulically desirable exit to the conveyance. Endwalls are usually
concrete but can be constructed of wood or masonry such as brick or concrete block. All
wall structures on the downstream side of a culvert or pipe are inventoried as endwalls. Plan
sheets may designate the downstream end of pipe or culvert as a headwall, but these
structures should be inventoried as endwalls. All wall end structures at the downstream end
of a pipe or culvert should be inventoried as endwalls.

Examples of endwall structures

End Sections (ES) are structures that transition the ends of pipes into slopes and provide
stability to the pipe entrances and outflows. They do not affect the hydraulic capacity or
efficiency of the pipes. They can be constructed of concrete, metal, or plastic (HDPE). End
sections can either be inventoried at the upstream or downstream end of a pipe.

Examples of end sections

Projection Pipes (PP) are not physical structures but represent the upstream and downstream
end of a pipe if an end structure on a pipe does not exist. Projection pipes are captured
spatially as a feature, and represent the ends of pipes.
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Examples of projection pipes

21.1.2 Inlet Structures

Inlets are structures that collect storm drain runoff. Inlets convey the runoff to closed storm
drain systems, open conveyance, or outfalls. There are many different types of inlet
structures, and all are discussed in the SHA Standard Design Manual and should be reviewed
prior to conducting an inventory. Spring head are inventoried as inlets.

Inlets (IN) are hydraulic structure chambers below surface grade that collect storm drain
runoff. An inlet either has a grate or open sides/curb to allow runoff to enter the storm drain
system. Inlets are often constructed of concrete, masonry brick, or concrete block.

Example of inlet structures

Spring Heads (SH) are inventoried as inlets. Spring heads are inventoried only where they
emerge and are connected to a storm drain system. Spring heads are inventoried because they
provide evidence for the presence of ground water for dry weather flows during illicit
discharge field screening operation. Spring heads may be identified from contract drawings
or identified during the field inventory. They are mostly found in rural areas.

Example of a spring head

2.1.1.3 Connection Structures
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A connection structure is a storm drain structure that connects conveyance (pipes and
ditches) within a system, and is not an inlet, riser, or pumping station. These can include
manholes, ditch intersections, junction boxes, pipe connections, Y connections, capped inlets,
pipe bends, and pipe directions. Because field crews are not required to open manhole lids
and enter closed storm drain structures, no designation type is necessary for connection
structures. All of the attribute data for these structures will be collected from contract
drawings, including connection material and top of manhole elevations. The existence of
connection structures should be field verified, even though the attributed data will be
collected from contract drawings. A GPS point is to be recorded at the best estimated
location in the field based on contract plan sheets for structures that are buried. The
verification of attribute table data for structures that cannot be verified in the field will be
completed based on plan sheet information. This also holds true for structures that are buried
or cannot be accessed,; the attribute data should be obtained from plan sheets.

Manholes (MH) are hydraulic structures that connect pipes through a system. They are used
as access points to a system, to change direction or invert elevations for pipes, as a junction
to change pipe size and/or material, and as a junction of multiple pipes to a single pipe.
Manholes are frequently paved over or buried but are still inventoried. Unless it is certain
that the manhole does not exist, the manhole is inventoried. Manholes with lids that have

Example of manholes

Ditch Intersections (ID) are geographic representations of where ditches meet, begin a
system or end a system, and are captured as point features. These features are used to define
the extents of ditches. The proper use of ditch intersections and the criteria for collecting
ditches is explained in more detail in Section 2.2.3.1.

Junction Boxes (JB) are underground hydraulic structures that connect pipes through a
system. They are used to change direction or invert elevations for pipes, to change pipe size
and/or material, and to connect multiple pipes to a single pipe. ldentifying junction boxes in
the field is difficult because these structures are usually buried with no part of the structure
exposed to the surface. Junction boxes are only inventoried from contract drawings and
should never be assumed in the field, unless the field crew is certain the structure is a
junction box. If the field crew suspects that pipes are merging together and no contract plans
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are available to confirm this, the connection should be inventoried as a pipe connection and
not a junction box.

Example of a junction box in detail view

Pipe Connections (PC) are locations throughout the conveyance of a system where two or
more pipes connect. A pipe connection is also captured at the location where a closed storm
drain pipe connects to a culvert or stream crossing. The proper use of pipe connections and
the criteria for collecting ditches is explained in more detail in Section 2.2.3.2.

Example of pipe connection in detail view and photograph inside of pipe

Wye Connections (YC) are hydraulic structures that join two pipes together within a
system’s conveyance. Wye connections will be identified from contract drawings and should
not be assumed in the field. Instead of assuming a wye connection structure in the field,
assume a pipe connection. Access to wye connections will not be possible in the field, so the
material should be determined from the contract drawings.

;'/,Illl
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L=
£

sz

Example of wye connection in detail view
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Capped Inlets (Cl) are inlets that have been capped for some reason, such as roadway
widening. These are not inventoried as inlets, but as connectors. Capped inlets should be
identified from the contract drawings and should not be assumed in the field.

Pipe Bends (PB) are locations along a conveyance where a pipe makes a significant turn in

direction and are usually shown on As-built plan sheets. Pipe bends can be actual physical
features, or used to facilitate an accurate representative of the pipe. Pipe bends will be
identified from contract drawings and will be at the discretion of the Team to determine if a
pipe bend is necessary. Pipe bends can also be used if the pipe turns and no pipe bend feature
is identified on the plans, such as pipes that make slight S-turns.

L

Example of a pipe bend in detail view

Pipe Directions (PD) are not physical features in the field, but represent connectivity with
private storm drain systems when an upstream or downstream private structure cannot be
located in the field. If an SHA storm drain flows into or out of a private storm drain
structure, then the first or last structure in the private system is inventoried. Pipe directions
are used in the inventory when it is obvious that an SHA storm drain system is flowing into
or from a private system, but the private downstream or upstream connection is outside of
SHA right-of-way (ROW) and cannot be found. In these situations, a PD is inventoried so
that the pipe feature can be created and pipe attributes can be recorded. Pipe directions are
not used within SHA ROW because SHA would like to know the exact access point for every
system. The proper use of pipe direction and the criteria for collecting pipe directions is
explained in more detail in Section 2.2.3.3.

2.1.14 Control Structures

A control structure is any type of structure that controls flows. Control structures will most
often be riser or weir structures. Although, other structures such as inlets, headwalls,
endsections, projection pipes, and pump stations can function as a control structure. Riser
structures and weirs are collected in separate tables because they require collection of
additional attributes not associated with other types of control structures. Information about
risers and weirs that is collected in the field and from contract sets includes material, riser
type, trashrack existence, and orifice invert elevations. Monitoring wells and infiltration
trench observation wells are not considered control structures, and are not inventoried but
identified in the inspection process.

Riser_Structures (SW) are vertical structures extending from the bottom of a stormwater
BMP that are used to control discharge rates from a BMP for specified design storms. Riser
structures are normally constructed of concrete or corrugated metal. Riser structures may or
may not have low flow orifices and/or trashracks. Typically riser structures are designed with
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different type of inflow devises to control flow out of stormwater BMPs and are normally
connected to an outfall pipe. During the BMP inspection process (Chapter 3), BMP control
structures will be examined for flaws and structural integrity.
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Example of riser structure in stormwater BMPs

Weir_Structures (SW) are earthen notches or other water barriers, such as a concrete or
gabion wall structure, in a berm dam through which flow of water out of a stormwater BMP
is regulated and controlled. Weirs are constructed from concrete, wood, metal, earthen, or
riprap. Weir structures may or may not have low flow orifices and/or trashracks. Because
earthen spillway embankment weirs may be difficult to find in the field, efforts should be
made to identify weir structures prior to conducting a field inventory.

Example of concrete weir structures

Emergency Spillways (EM) are depressions or notches in cut that convey stormwater BMP
overflow in a controlled manner, rather than allowing it to overtop the embankment. The
material of an emergency spillway can be concrete, earthen, or riprap. Emergency spillways
are inventoried if they exist for a stormwater BMP, and are recorded in the WEIR table.
Because earthen emergency spillways may be difficult to find in the field, they should be
identified prior to conducting a field inventory.
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Example of emergency spillways

Pumping Stations (PS) are mechanical pumps stored in a pump house that pump or lift
stormwater uphill to a high point where gravity can again take over. Pump stations are
considered control structures because they control the quantity of water being pumped.
Pump stations are rare and are mostly identified from contract drawings. Attribute
information is collected from contract plans and include number of pumps, station name,
maximum capacity, and installation date. The field team only needs to locate the pump
house and are not to enter the pump station.

Detail of plan view and photos of pump station

2.1.2 Conveyances

Conveyance features to be identified and inventoried include both actual, physical features
(pipes and ditches) and a database features (hydraulic connectors). Conveyance is
represented as line features in the database. Although they do not physically exist, hydraulic
connectors should be inventoried to facilitate connection of drainage systems through SWM
facilities; this is the only case where a hydraulic connector is created. Refer to Section 2.1.2.3
for rules on hydraulic connectors. Not every pipe or ditch conveyance is inventoried as
explained in Section 2.1.2.1, but generally all conveyances between structures are
inventoried. Conveyance features will have an upstream and downstream structure. When
contract plans are not available showing proper conveyance for a storm drain system,
conveyance can be determined by looking at the pipe(s) direction inside of structures. Field
crews are not required to open manhole lids, and conveyance can be assumed at the field
crew’s discretion when plans are not available.
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2.1.2.1 Pipes, Cross Culverts, and Driveway Culverts

Pipes connect structures together in a system to maintain conveyance. Pipes consist of
closed storm drain pipes, cross culverts, and driveway culverts. Rules for collecting cross
culvert and driveway culvert pipes are described below. The following are rules that should
be followed when collecting pipes within the storm drain network:

e All pipes between closed storm drain structures are inventoried.
e Pipes <5 feet in height are inventoried within SHA ROW

e Pipes that are > 5 feet in height are not inventoried if they do not connect to closed
storm drain structures

e Pipes that are > 5 feet in height but do connect to closed storm drain structures are
inventoried with the storm drain network

e Closed storm drain systems that outfall through a pipe or culvert that is > 5 feet in
height are inventoried

Pipe size, shape, invert, and material are recorded for all pipes. Because field crews are not
required to open grates or manhole lids, this attribute information is gathered from contract
plans. Pipe sizes and material should be verified in the field by observation through inlet
grates and at end structures (headwalls, end sections, outfalls, projection pipes). Field crews
should become familiar with different pipe sizes and materials prior to conducting field
inventory.

Cross Culverts are pipes, boxes, or arches that convey water from one side of the ROW to
the other side, usually under the roadway. Cross culverts are inventoried as pipes.
Depending on the situation and culvert size, not all cross culverts will be inventoried. The
following are rules that should be followed when collecting driveway culverts:

e The culvert height is determined from contract plans when available. Otherwise care
should be taken to measure and estimate the actual culvert height in the field. This
may require estimating the depth of sedimentation at the culvert ends to determine the
feet of buried culvert.

e Culverts that are < 5 feet in height are inventoried
e Culverts that are > 5 feet in height are not inventoried

e A culvert that is > 5 feet in height that have closed storm drain tying into them is not
inventoried. Instead the most downstream structure in the closed storm drain system
is inventoried as a pipe connection at the location the storm drain system connects to
the culvert.

Driveway Culverts and entrance culverts are pipes, possibly with an end structure, that
conveys water under driveways, utility access roads, or stormwater BMP access roads. Not
all driveway culverts will be inventoried within SHA ROW.

There are rules that should be followed when collection driveway culverts. The rules are as
follows:
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e Private driveway culverts and culverts at farm or other access points that do not
require access permits, should not be inventoried. Culverts under entrance drives that
provide 2-way or greater traffic such as multi-family residential, commercial, public,
or industrial properties are inventoried. Culverts under SHA-owned stormwater
maintenance access or other utility access roads should also be inventoried.

o If the private driveway or access drive culvert has a closed storm drain structure such
as an inlet or riser on the upstream or downstream end of the pipe, then the culvert
should be inventoried.

o If adriveway culvert is excluded from the inventory, other adjoining closed drain
structures completing the system should be connected using a ditch. The ditch in this
case should be drawn through the culverts as if the culvert does not exist. Refer to
Figure 2.1.

Figure 2.1 — Driveway Culvert Connectivity

Example of driveway culvert not being inventoried, but instead a ditch representing flow
between closed storm drain features

The picture above is an example of an area that has driveway culverts, but only the one at the
upstream end is actually collected because there is an inlet connected. The ditch line in the
database passes through the other driveway culverts that are not inventoried.
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As part of the inspection task, outfall pipes are inspected for integrity and illicit discharge.
The inspection of pipes and outfalls is explained in Chapters 4 and 5.

2.1.2.2 Ditches

Ditches and open conveyance are channels or flow paths that connect open structures
(headwalls, endsections, endwalls, projection pipes) in a system to maintain the conveyance.
Attributes collected for ditches include material (vegetative, concrete, riprap, etc.), bottom
width, and side slope. Not all ditches or open channels within SHA ROW are to be
inventoried in the geodatabase. Ditches to be inventoried are the following:

e Ditches or open conveyance between open structures
e Ditches or open conveyance > 2 feet in bottom width

e Ditches or open conveyance that flow into stormwater BMPs regardless of bottom
width

2.1.2.3 Hydraulic Connectors

Hydraulic Connectors connect the outfalls into stormwater BMPs to the control structure of
the stormwater BMP to maintain conveyance through the system. Hydraulic connectors are
used to represent connectivity through a stormwater BMP from inflows to control structures.
Inflow points and control structures for stormwater BMPs should be connected with a
hydraulic connector, including infiltration trenches. If hydraulic connectors do not exist in
the previous inventory, the current development should create them. The hydraulic
connector line features are stored in the CONVEYACNE feature class (Section 2.5.5), and no
additional attribute information is collected. The connector is use so that connectivity
between structures is maintained through stormwater BMPs, and network tracing can occur.

Hydraulic connectors can either be created using the office or field editing application, or
other GIS editing tools. The following are rules to follow when creating hydraulic connectors
in the geodatabase:

e Hydraulic connector features should be created for every stormwater BMP that has an
inflow and control structure, including ponds, basins, infiltration trenches, underground
storage facilities, swales, or bioretention facilities.

e Hydraulic connectors should be manually sketched because they are only used for
connectivity purposes. It is not required to GPS hydraulic connectors.

e Hydraulic connector line features should be contained within the stormwater BMP
polygon outline. It may be necessary to modify and correct line features to conform to
the stormwater BMP shape.

e |f a ditch conveys flows into a stormwater BMP, then a ditch intersection point will be
placed on the stormwater BMP outline as the downstream structure for that ditch as
described earlier. A hydraulic connector line feature should snap from this ditch
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intersection point to the control structure. (see Section 2.x for rules on creating ditch
intersections)

Figure 2.2 shows an example of the use of hydraulic connectors through stormwater BMPs.

Hydraulic Connector

#®  Storm Drain Structure

. e g
Storm Drian Conveyance [ ]

— Hydraulic Connectors

[ aur

Figure 2.2 - Hydraulic Connectors

Example of the use of hydraulic connectors. Every stormwater BMP that has an inflow
and control structure should have these features to maintain the connectivity.

2.1.3 Stormwater Management Facilities

Stormwater management facilities (SWMF) are structural best management practices
(BMPs) that temporarily store or treat stormwater runoff to reduce flooding, remove
pollutants, and provide other amenities. Stormwater BMPs are impoundment areas that treat
stormwater runoff to reduce flooding, remove pollutants, and provide other benefits such as
wildlife attraction. Pollutant removal can be accomplished through retaining permanent
pools of water, detaining water temporarily and then releasing it slowly, infiltrating runoff
into the ground, filtering the water through a medium into the ground, or combining multiple
treatments.

SHA will supply the consultant with a list of BMPs for the County. If a stormwater BMP is
receiving SHA runoff, the feature is inventoried, regardless of the owner. Attributes
recorded for each stormwater BMP feature include type, location, status, and owner. Refer to
the Maryland Stormwater Management Management Guidelines for State and Federal
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Projects - Volume | & Il stormwater BMP types and common features related to stormwater
BMPs. Chapter 3 discusses procedures and criteria for inspecting stormwater BMPs.

2.1.4 Other Features

Combined Sewer Systems

The NPDES Municipal Separate Storm Sewer System (MS4) permits apply only to storm
sewers that are separate from sanitary sewers. There are instances when an SHA drainage
system ties into a combined county or city system (Combined Sewer Outfall - CSO) that
conveys both storm and sanitary discharge. In this instance, the SHA system should be
identified and inventoried up to and including the connection with the CSO. A notation
should be made in the comments field of the private connecting structure that the connecting
system is a CSO. CSOs should not be inspected for stability or illicit discharges (Chapter 4
and 5).

Drainage Systems that Cross County Lines

If it is determined that a drainage system crosses a County boundary, the system should be
inventoried with the county where the system outfall is located. This will prevent a single
system from being inventoried twice. Coordination with SHA may be required to ensure
proper data management. For these situations, the systems may consist of two different
system numbers. This is the only situation where one system might have two different
system numbers.

NPDES Industrial Features

Drainage information for SHA maintenance shops, fueling facilities, vehicle maintenance
facilities, and district offices is collected as part of the NPDES industrial permits and is
handled through the SHA Environmental Compliance Division (ECD). This information will
not be inventoried as part of the Highway Hydraulics Division (HHD) inventory/inspection,
but the geodatabase includes ECD maintained structures, conveyances, and stormwater
BMPs. Stormwater BMPs associated with these SHA industrial facilities are included in this
geodatabase; however, the effort to identify and inspect them is initiated through the ECD. If
you have any questions, contact the SHA NPDES coordinator in HHD for clarification.

2.2 Organizing Data for Entry

The database design is organized around drainage systems and stormwater BMPs. An
important aspect of the storm drain systems is connectivity of the features by conveyance.
Numbering these drainage systems and stormwater BMPs assures identification for tracking,
maintenance, and design. This section will discuss numbering and creating a digital
representative of the drainage system. It will also explain how to use certain features
available in the GIS software to represent the storm drain infrastructure and develop
connectivity through the system.
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If the intent of the project is an update to the existing geodatabase, new contract drawings are
reviewed in conjunction with the existing geodatabase. Features that are new or require
updates should be highlighted on the construction drawings and assigned system and
structure numbers. When adding systems and/or structures to an existing system, the
geodatabase should be queried for the next available system and/or structure number.
Structures and systems should be pre-numbered prior to field work. This will save time in
the field and allow for quick entry of system, structure, and stormwater BMP numbers.

2.2.1 Creating Drainage Systems

A drainage system is defined as a series of storm drain structures or point features (i.e.,
manholes, inlets, endwalls) that connect hydraulically through conveyance features such as
pipes and ditches. A system can include both open and closed storm drain features. Figure
2.3 is an example of a drainage system.

System Example

#  Storm Drain Structure

Stom Drian Conveyance

Figure 2.3 — Drainage System Example 1
Example of Drainage System Consisting of Lines and Points

In the database, drainage systems consist of line and point features that connect to form a
continuous flow. Systems are determined by reviewing the design plans and identifying
drainage features. Beginning with the most downstream structure, such as an outfall or
connection to a private system, and following the system upstream the consultant should
identify features.

Systems can have multiple branches, which should merge to one location. For limits of
roadway where storm drain design plans are not available, it will be necessary to create
systems using field observations and experience to determine connectivity.

Stormwater BMPs are also identified from design plans and through field observations.
Stormwater BMPs that collect SHA runoff are inventoried in the geodatabase. Stormwater
BMPs are considered separate features from storm drain systems. Multiple drainage systems
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can flow into or out of stormwater BMPs. Each outfall into the stormwater BMP is the
beginning, most downstream structure of the system (see Figure 2.x). The stormwater BMP
control structure and outfall for a stormwater BMP are treated as a separate system.

Pipes, ditches, and hydraulic connectors are used to represent the hydraulic connectivity
within a system. These line features are connected (snapped) to the structure features. This
snapping is necessary to perform flow tracing through each system. Each line feature should
be drawn upstream to downstream so that arrows point in the flow direction when symbology
is placed on the line feature class. All conveyance features must be snapped to an upstream
and downstream structure feature record.

Hydraulic connectors are used to connect the outfalls into a stormwater BMP to the
stormwater BMP control structure. This creates a network of different storm drain systems
that merge together at the BMP outfall structure. The use of hydraulic connectors is
described in Section 2.1.2.3. Figure 2.4 is another are examples of separate systems flowing
into and from a stormwater BMP.

Hydraulic
Connectors

o

System Example
#  Storm Drain Structure

L_.'"‘
"
&
System % Storm Drian Conveyance
| [ |BuP
% .
i‘ %

Drainage System

-

Figure 2.4 - Outfalls and Systems into a BMP

Both the field and office editing applications will allow the user to create conveyance as
described in more detail in Chapter 6. The consultant may decide at what point in the
process that conveyance is created. If conveyance will be created in the office, it is still
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necessary to field verify and collect conveyance information, such as pipe size, ditch
material, etc. If a conveyance feature makes a slight bend and a pipe bend is not designed on
the plan sheets, it may be necessary to edit these conveyance feature lines to represent the
contract plan.

2.2.2 System Numbering

Each drainage system receives a unique seven-digit identification number. The first two (2)
digits indicate the county where the system is located. Table 2.2 lists the county code
numbers for Maryland. For county codes that begin with a zero (ex. Baltimore County 03),
the leading zero is not dropped from any naming convention. The remaining five (5) digits
are generated within the geodatabase, if a number does not already exist for a structure
feature. For example, 1300140 is system 140 located in Howard County (County Code 13).

Table 2.2 — County Codes for Maryland

Code County Code County
01 | Allegany 13 | Howard
02 | Anne Arundel 14 | Kent
03 | Baltimore 15 | Montgomery
04 | Calvert 16 | Prince Georges
05 | Caroline 17 | Queen Anne’s
06 | Carroll 18 | St. Mary’s
07 | Cecil 19 | Somerset
08 | Charles 20 | Talbot
09 | Dorchester 21 | Washington
10 | Frederick 22 | Wicomico
11 | Garrett 23 | Worcester
12 | Harford 24 | Baltimore City

The individual drainage structures located within a system receive a unique three (3) digit
identification number. For example, 1300140.007 is the seventh (.007) structure in the 140"
drainage system in Howard County.

Numbering begins with the most downstream structure, usually the outfall, which is assigned
the structure number of .001. Structures are then numbered as the system is traced upstream.
For initial data collection or adding new systems, the most downstream structure in any
system should be numbered .001. This is convention only, and structures may be
numbered out of sequence in the existing geodatabase. Outfalls may have structure
numbers other than .001 only during updates. During subsequent updates, structures
should not be renumbered. Re-numbering of structures will result in the loss of historic data.
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Recall that each system the flows into a BMP is a separate system. The control structure and
outfall for a stormwater BMP also starts a new system. Figures 2.5a and 2.5b show examples
of system, structure, and BMP numbering.

INLET
1000289.002

Figure 2.5a - System Number Example 1

Notice that the outfall into the stormwater BMP is a separate system from the riser and
outfall structure system.
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Figure 2.5b — System Number Example 2

System numbering example through a stormwater BMP. Notice that the outfall
systems into the stormwater BMP are separate systems from the riser and outfall
structure system.

SHA will supply a list of stormwater BMPs to the consultant. Stormwater BMP numbers
may also be located on contract drawings. If a stormwater BMP does not have an
identification number, then one is assigned by the consultant using a list of stormwater BMP
numbers blocked off by SHA. The consultant should assign new BMP numbers from that
blocked list and consult SHA when the numbers in the block have been exceeded.
Stormwater BMP numbers will not be changed unless otherwise specified by SHA.

BMPs are numbered similarly to structures. Each stormwater BMP receives a unique Six-
digit identification number. The first two (2) digits indicate the county where the system is
located. Table 2.2 lists the county code numbers for Maryland. For county codes that begin
with a zero (ex. Baltimore County 03), the leading zero is not dropped from the naming
convention. The remaining four (4) digits are generated within the geodatabase. For
example, 130550 is the 550" BMP located in Howard County (County Code 13).
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2.2.3 Maintaining Connectivity Using Storm Drain Features

Most of the connectivity between closed storm drain structures, such as inlets, manholes, or
junction boxes can be found on contract plans or determined using field observations. During
previous inventories, questions have arisen about how to collect and spatially represent
certain features and conveyance in the geodatabase. Specifically, these questions have
included ditches, pipe connections, pipe directions, hydraulic connectors, connection to or
from private storm drain systems, and multiple pipes in a single-wall structure. This section
discusses how to use specific features to represent the storm drain infrastructure and maintain
conveyance through a system.

2.2.3.1 Using Ditches, Open Conveyance, and Ditch Intersections

Ditches are line features in the database. Care should be taken to ensure they are snapped to
adjacent structure features. This will ensure connectivity for flow tracing.

Ditches can be drawn manually or located using GPS equipment in the field. If GPS data is
used, the consultant should clean up the line in the geodatabase to remove any jagged lines.
In some cases, it may be difficult to collect GPS data for a ditch due to slope, vegetation,
access, etc. These ditches can be digitized from orthophotos if necessary.

Ditch Intersections are point features in the geodatabase. A ditch intersection is used in
association with ditches and open conveyances to connect, intersect, begin, and end a ditch
line feature.

The following are guidelines to follow when creating ditches and ditch intersections in the
geodatabase:

e All ditches and open conveyance should have an upstream and downstream point
feature

e Ditch lines should intersect other ditch lines at a ditch intersection point feature

e Place a ditch intersection where a ditch bends significantly or where 2 or more ditches
intersect

e Place a ditch intersection as the upstream and downstream structure at ditches that do
not connect to storm drain structures such as endwalls, headwall, end sections, or
inlets

e Place a ditch intersection where ditches intersect a stormwater BMP polygon feature
outline

e Place a ditch intersection where ditches leave or enter the SHA ROW line

e Place a ditch intersection where a ditch changes material
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e Place a ditch intersection where two “long” ditches flow into the same inflow
structure.
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Figures 2.6a to 2.6¢ show examples of how to use ditch intersections and ditches properly to
represent the storm drain connectivity.

Ditch to SHA ROW /

Quitfall \

Ditch Example

#  Storm Drain Structure

Storm Drian Conveyance

e

'

Ditch to BMP

Figure 2.6a — Ditch and Ditch Intersection Example 1

Place a ditch intersection as the upstream and downstream structure at ditches that do
not connect to storm drain structures such as endwalls, headwall, end sections, or
inlets. Place a ditch intersection where ditches intersect a stormwater BMP polygon
feature outline.
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Ditch Example

#  Storm Drain Structure

Figure 2.6b — Ditch and Ditch Intersection Example 2

Ditch lines should intersect other ditch lines at a ditch intersection point feature. Do
not merge ditches at outfall structures. Ditches can intersect at inflow structures. Use
IDs when two “long” ditches flow into the same inflow structure. Place a ditch
intersection where a ditch changes material
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Ditch to SHA ROW

{4

= SR Ditch from SHA ROW

Ditch Example

#  Storm Drain Structure

i 4 Storm Drian Conveyance
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1D .
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Figure 2.6¢c — Ditch and Ditch Intersection Example 3

Place a ditch intersection where ditches leave or enter the SHA ROW line if the ditch has
a bottom width > 2 feet.

2.2.3.2 Using Pipe Connections

Pipe connections are point features in the database. A pipe connection is used in association
with pipe to indicate the location where two pipe meet, where a pipe changes material, or as
designated on plan sheets. Pipe connections are often identified form plans sheets, but can
also be assumed in the field.

The following are guidelines to follow when creating pipe connections in the geodatabase:
o Place a pipe connection as identified from contract plan sheets.

e Based on field observations, if it is obvious, that two pipes are merging together then
a pipe connections can be assumed and inventoried. Plan sheets should always be
thoroughly checked.
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e |If a manhole feature (or other connection structure feature) is identified on contract
plans but the manhole is buried or paved over and cannot be field verified, do not
inventory the manhole as a pipe connection. Instead, inventory the structure as
shown on contract plan sheets.

e A pipe connection feature should not be inventoried to indicate the direction of pipe if
upstream or downstream structures feature cannot be located.

e Place a pipe connection feature where a pipe material changes.

e Pipe connections should be used where a closed storm drain system outfalls into a
culvert or stream crossing that is > 5 feet in height. If a culvert is < 5 feet in height,
then the culvert ends as well as the pipe or box are inventoried. Culverts are not
inventoried if the height is > 5 feet in height. In this case, the pipe connection into the
culvert would be the most downstream structure in a system. If multiple system pipes
outfall into a culvert > 5 feet in height, then each pipe connection starts a new system.
Figure 2.7 shows examples of when to use a pipe connection instead of inventorying

the culvert.

.:wé | o' _L.; : L

h<s0" ") i aaas . _____ h>60" 7| : ______ . _____
1 [ N = = 1 == = - = = = = o
i P o= e | STUDY /'I -— ) | -
| | T' . | POINT | Tu 1

M
STUDY POINT

Figure 2.7 — Pipe Connection Example
A pipe connection should be used when closed storm drain systems outfall into a culvert

that is > 5 feet in height. When a culvert pipe or box is < 5 feet in height, then the culvert
ends and conveyance are inventoried with the inflow systems.

2.2.3.3 Using Pipe Directions
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Pipe directions are point features in the database. A pipe direction is inventoried when a pipe
is identified at an SHA-owned structure feature that connects to or from a private storm drain
system outside of SHA ROW, and the private upstream or downstream structure cannot be
located.

The following are guidelines to follow when creating pipe directions in the geodatabase:

e Place a pipe direction point approximately 10 feet in the pipe direction if an SHA
structure connects to a private storm drain structure, and the private structure cannot
be located.

e Pipe direction points should not be included within SHA ROW, and all systems
within SHA ROW should end or begin with a physical feature (manhole, endwall,
inlet, etc.).

e A common occurrence where a pipe direction feature would be inventoried include
private inflows into SHA owned stormwater BMPs

Figures 2.8a and 2.8b show examples of how pipe direction features should be inventoried.

Pipe Direction

®  Stormn Drain Structure

Storm Drain Conveyance

— Hydraulic Connectors

] e

Figure 2.8a — Pipe Direction Example 1

This BMP has four private inflows. The upstream structures on the private inflows could
not be found so a pipe direction feature was inventoried in the direction of the pipe.
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Pipe Direction
®  Storm Drain Structure
Stomm Drian Conveyance
@ Pipe Directions

”
o e

Figure 2.8b — Pipe Direction Example 2

This SHA storm drain system flows into a private storm drain system outside of SHA
ROW. The private downstream structure could not be located, so a pipe direction feature
is inventoried.

2.2.3.4 Connecting to Public or Private Systems

The inclusion of drainage elements not belonging to SHA will be required in some instances
where information on the drawings is incomplete or ambiguous. Every effort should be
made by the geodatabase developer to resolve any uncertainties and ensure accuracy of the
data. Where uncertainty is unavoidable, drainage elements or systems should be included in
the geodatabase.

Where SHA drawings show work performed on county or private owned roads, storm drain
systems should be recorded because they were constructed under a state contract. If the work
completed on a county or private owned road is extensive, the consultant should contact the
SHA NPDES coordinator to check if the system was turned over to the county and whether it
should be included in the geodatabase.

The following are guidelines to follow when connecting SHA storm drain to private owned
storm drain features:

e Storm drain infrastructure appearing on the contract drawings should be inventoried
unless the consultant is absolutely certain that the feature is not owned by SHA.

e Stormwater BMPs collecting SHA runoff should be inventoried, regardless of
ownership. Section 3.4 discusses inventorying private owned BMPs.
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e When SHA storm drain systems flow into or from a private system, the first private
downstream or upstream feature outside of SHA ROW is inventoried and included in
the SHA system.

e When SHA storm drain systems flow into or from a private system, but the private
downstream or upstream feature outside of SHA ROW cannot be found, a pipe
direction feature is inventoried in the pipe direction as discussed in Section 2.2.3.3.

e |f an SHA system conveys to a major outfall or to a stormwater BMP located outside
of SHA ROW, then the private structures along the main trunk line to the major
outfall or BMP are inventoried as in Figure 2.9.

Figure 2.9 — Private Storm Drain Feature Collection

The SHA storm drain eventually outfalls into a stormwater BMP outside of SHA ROW.
The private structures and the conveyance are inventoried along the main trunk line of the
storm drain system. The private upstream structure was also inventoried at the left side of

the example.

2.2.35 Representing Walls with Multiple Pipes

When headwalls and outfalls have multiple pipes associated with them, the contract drawing
may only show one headwall or outfall. In order to represent multiple pipe conveyance
features between one upstream and one downstream structure feature, the end or headwall
may need to be represented as two features with the same attribute information. Figure 2.10
shows examples of some different scenarios.
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Figure 2.10 — Multiple Pipes per End Structure

The endwall on the left should be represented as two features and two systems in the
geodatabase. The endwall on the right might be represented as one, two, or three features
depending on structures associated with any of the outfall pipes.

To properly represent these scenarios consistently and account for all pipes associated with
the structure features, rules have been established:

1. If multiple pipes (same size and material) are connected to a single wall and no
other structures are associated with the pipes, then only one structure feature
should be created, and the cross sectional area for the single pipe conveyance
should be multiplied by the number of pipes in the PIPE table (Section 2.5.5.2) to
indicate multiple pipes. This situation would be considered one system.
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2. If multiple pipes of different size and/or material are connected to a single wall,
then multiple end structures should be created (next to each other spatially) with
the same attributes and connected to parallel pipes. This situation would create
multiple systems.
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3.

If multiple pipes (same size and material) are connected to a single wall, and one
pipe has additional storm drain connected to it, then multiple end structures
should be created (next to each other spatially) with the same attributes and
parallel pipe created accordingly. This situation would create multiple systems.
This scenario also holds true when multiple pipes are involved and some are twin

pipes.
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When a ditch flows into these types of scenarios, all of these rules are ignored,
and the entire conveyance becomes one system. The end structures are still
divided with the same attribute information, but now each end structure is part of
the same system, and the ditch flows to each headwall or from each endwall. If
the out-flowing ditches do not connect to another storm drain structure, the
system should end with a ditch intersection to connect all storm drain features to
one system.
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2.3 WORK FLOW PROCESS

The following is the step-by-step procedure for performing source identification of storm
drain features. Consultants are encouraged to use innovative methods and technology to
perform the work, but to be mind-full of the need for consistent end products. Any deviation
from the standard process should be discussed and agreed upon with the SHA program
manager. Documentation of work flow processes will be revised as new technologies and
methodologies are developed.

2.3.1 Obtain Versioned Geodatabase for Geographic Area

SHA will supply the consultant with a versioned geodatabase including all SHA storm drain
features for a county. The consultant will be responsible for updating the geodatabase with
new or edited storm drain, conveyance, and stormwater BMP data for the geographic area
they are assigned.See Chapter 6, Data Management, for specific data management
information particular to the geodatabase and recommended office technical architecture.

2.3.2 Identify and Prioritize SHA Roadways and Project Areas

The consultant should identify the project areas within the geographic area assigned. Once
this information is compiled, the roadways and other project areas to be inventoried should
be listed and prioritized. Project areas include SHA-owned and maintained roadways, park
and rides, visitor centers, and weigh stations. A working GIS and legend should be
developed to document this analysis and included in progress reports to SHA. Information
that can be helpful in completing this task and can be provided by SHA includes:

SHA centerlines

SHA right-of-way

SHA grid mapping

Orthophotography

SHA Highway Location Reference Manual
SHA impervious mapping.

There are also many GIS coverages and shapefiles that are available and should be requested
from SHA. The coverages may include: roadway centerline, roadway outline, right-of-way,
building coverage, sanitary sewer coverage, county outline, watershed boundaries, stream
and water coverage, topography and contours, and orthophotos.

It is also helpful to have county-owned storm drain layers or other NPDES-jurisdiction
source-identification information for the geographic region if available. The consultant
should coordinate with SHA to obtain the most recent GIS base data available for the subject
geographic region. License agreements should be processed through SHA for use of the
data.
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2.3.3 Process Contract Drawings and Other Information

Once the locations and priorities of the work areas are established, source documents for
each route should be compiled and reviewed. This source data includes hard copies and/or
digital imagery of SHA storm drain and stormwater BMP contract drawings as well as access
and utility permit drawings. SHA will also supply a list and available design plans for
known stormwater BMPs to the consultant in digital format.

Contract design drawings that will be provided by SHA include: title sheet, index of sheets,
plan sheets, roadway typical sections (for side ditches), pipe profiles, geometry and
coordinate sheets, SWM details, SWM landscape plan sheets, structure schedules, and
summary sheets. If any sheets are missing, they should be requested from SHA.

Documents should be arranged in geographic and then chronological order to determine the
most accurate representation of what is currently in the field. In most cases, this is the
contract set for the most recent roadway project that has modified the roadway. However, in
some cases the most recent set might be a noise wall or safety project that had no impact to
roadway drainage, and therefore, a previous contract set may be a better indicator of existing
drainage conditions.

Access/Utility Permit Drawings and Agreements

Existing access or utility permit drawings within the target roadway should be obtained
where possible. Often, SHA systems are modified under these agreements. Furthermore,
maintenance responsibilities for structures and BMPs are identified within the access permit
agreements. Obtaining these permits and agreements is particularly important when features
are located in or near the SHA right-of-way and ownership is questionable.

Access and utility permits are issued by SHA to developers who wish to obtain access to
SHA-owned roadways for entrance drives, stormwater management, utilities or other
utilization of our right-of-way. Drawings of these facilities, which are located on SHA right-
of-way, are maintained by SHA or otherwise held in a joint-use agreement are also included
for use in developing the database.

2.3.4 Develop Delivery Schedule and Status Map

A delivery schedule should be developed and delivered to SHA. The delivery date for the
completed geodatabase will be determined by SHA and should be used in developing the
schedule. Because anticipated delivery dates are reported to Maryland Department of
Environment (MDE) in the NPDES annual reports, the consultant should make every effort
to adhere to the date. Any deadline extension should be discussed with and approved by
SHA.

The schedule should include the roadways to be collected, the order and estimated timeframe
for beginning and completing the work on each roadway, and a map and legend. This
schedule should be updated as work progresses and delivered as part of the progress reports
included in monthly invoices.
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Figure 2.11 is an example of a map and status legend that should be submitted to SHA with
the progress reports. This map consists of a line shapefile that represents the extent of
contracts being verified.

-/
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Fred. Co. Roadway Status
Roadway Status

Contracts Reviewed

Field Verified

= Data Entry Started

= Data Entry Finished
—— IS Merged N
— Rpoadway Complete

[ Frederick county

Figure 2.11 - Status Map
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Status values should also be assigned that represents the completeness of the line limit. The
following status values should be used and symbology set on the map to distinguish these
values:

Table 2.3 — Example Legend for Status Map

Status Symbology
Value Description Color
1 Contracts Received from SHA Green
2 Contracts Reviewed Light Blue
3 Field Verification Started Dark Blue
4 Field Verification Completed Purple
5 Data Entry Completed Orange
6 QA/QC Completed Pink
Data Merged w/ Master County
7 Database Red

2.3.5 Verify Attributes in Database

Attributes of the SHA features shown on contract drawings should be verified with the
geodatabase. If conflicting information exists between the contract plan and the existing
geodatabase, the plan date assigned to each feature will determine if the feature attributes
need to be updated. If the existing plan date for a feature in the database is earlier than the
new contract plan date at hand, then the feature attributes should be updated. If the feature
date in the database is later than the new contract plans, then it can be assumed that the most-
up-to date information for the feature has been entered in the database, and no updating is
needed.

If attribute data from an existing database inventory is missing, it may be necessary to
complete this information if contract drawings are now available. Attributes that may require
verification from contract drawings include feature type, material, and location. This
information may be missing in the database because contract drawings were not available
during the initial inventory.

2.3.6 Verify Features in Field

Using the contract drawings and current geodatabase as a guide, field crews should perform a
systematic review of the roadways in the project area. GPS points should be obtained for all
identified stormwater features to be included in the geodatabase. During the field
verification, the consultant may find it beneficial to also perform BMP, pipe, and outfall
inspections, which will be discussed later in Chapters 3, 4, and 5.

Deviations in the field from the information shown on the contract drawings should be
corrected in the database using the field and office application. Deviations can include
differences in structure locations, structure types, materials, standards, or others as
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encountered. Manholes should only be opened under safe conditions and if necessary to
verify the source information.

Structure and conveyance features should only be updated or verified if they appear on
contract plan sheets or are within the vicinity of the features being verified. The intent of the
field verification is not to update the entire database for a county. Multiple tables and fields
have been added to the geodatabase over the years to address changes in the program
requirements. The newer fields may be unpopulated in the existing database tables for
certain features and they can be left blank unless newer information for the feature exists on
contract plans or data is verified through field verification.

2.3.7 Develop Pilot Study

It is recommended that the consultant conduct a pilot study on a smaller area of the county to
test their internal GIS and database development processes. This pilot study will clarify the
understanding of the standard procedures as well as allow the consultant to become familiar
with the editing applications. The pilot study should be conducted in an area where new
storm drains need to be inventoried and where existing storm drain features need to be edited.
The entire work flow process from “Process Contract Drawings’ to ‘Populate Geodatabase’
should be followed for this pilot study.

The database, storm drain contract sheets, and manuals will be supplied to the consultant by
SHA so that the consultant can review the data and choose a pilot study area accordingly. A
meeting with SHA will be held to discuss the pilot study. The consultant should supply a
location map of the planned study area, schedule for completing the data collection and
submittal, a plan for collecting data, and a list of questions for this meeting.

Once the pilot study area and consultant processes have been approved by SHA, field work
can commence in the area. The data for the roadway pilot study is entered into the
geodatabase and submitted to SHA for review. A meeting between SHA and the Consultant
will be scheduled to discuss results, questions, and future field work. The intention of the
pilot study submittal is to verify that the Consultant is conducting work properly and that a
full understanding of the database exists. Once work has commenced on the pilot study,
questions should be addressed to SHA as they arise.

2.3.8 Develop Spatial Features

The intent of the NPDES Geodatabase is a planning-level inventory of drainage
infrastructure. GPS or other field survey equipment can be used to locate new or spatially
incorrect structures and stormwater BMPs. GPS units should have the capability to collect
data with sub-meter accuracy. The target accuracy for the horizontal location of structures for
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this program should be * five (5) feet. Minimum required accuracy is + twenty (10) feet.
The intent is to add new features and better locate existing features that are not within
acceptable horizontal tolerances. Structures should be located accurately with respect to
surrounding features. For example, they should be on the correct sides of the roads, traffic
islands, etc.

Creating conveyance features in the database is explained in Section 2.1 and Section 2.2.

BMP centroids are also created and assigned appropriate records based on the SWMFAC
feature class. The BMP centroid is a center point feature for the stormwater BMP polygon
feature. Centroids for all BMP feature classes should be generated together outside of the
editing applications and merged with the geodatabase. Chapter 6 describes these processes in
more detail.

Drainage and treatment areas, defined in Section 2.5.4 and Section 2.5.8, are also delineated
for major outfalls and stormwater BMPs.

2.3.9 Populate Geodatabase

The geodatabase was developed using ESRI ArcMap software and is composed of six feature
classes with associated relationship tables. Database information will be extracted from a
combination of contract drawings and field verification. Care should be taken so that the
data in the geodatabase represents the most current attribute information for each drainage
feature. For example, the most recent contract set may not have inverts for features that were
constructed with an earlier project. The earlier contract plans should also be reviewed.

If conflicting information is found between contract drawings, the more recent data should be
used. If a structure is shown as existing on multiple contracts, the newer data should be used.
In some circumstances, data will be extracted from multiple contracts. The intent is to record
the most recent data where it exists. When the contract under which the structure was
constructed is not available, use the contract from the most recent set of drawings where data
was obtained.

An office and field editing application has been developed to assist in the data entry for both
an initial data capture and update of a county’s storm drain infrastructure. Documentation
and users guides on the applications are located in Chapter 6.

Section 2.5 offers a detailed description of the features and tables that make up the database.
Chapter 6 describes the methodology for performing data entry and interacting with the
geodatabase.
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2.4 INVENTORY ACTION KEY

The inventory action key shown in Figure 2.12 was developed to aid in the storm drain
feature inventory process. The key will aid in determining the course of action required from
any scenario that is encountered. The key also shows where inspection and screening of
pipes and structures should be conducted. Inspection procedures and standards are outlined
in more detail in Chapters 3, 4, and 5.
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Figure 2.12 - Inventory Action Key

Inventory Action Key Steps:

1.

Does contract exist in CONTRACT table? Check to see if the contract number is in
the CONTRACT table. Verify using both the CONTRCT_SHA and
CONTRCT_PLAN field. If plan set does not exist in CONTRACT table, record is
created (step 2). If plan set does exist in CONTRACT table, proceed to step 3. For
detail on the CONTRACT table refer to Section 2.5.2.

Create record in the CONTRACT table. Populate the fields associated with the
contract plans set. Refer to Section 2.5 for table field descriptions in the CONTRACT
table (proceed to step 8).

Is plan set that exists in CONTRACT table an as-built or greenline plan set? If not, it
can be assumed that the plan set has been reviewed and all data has been entered
during a previous inventory (step 4). If plan set is an as-built, verify that new or
modified storm drain features exist on plan set (step 5).

If a contract plan set has been reviewed during a previous inspection, it is not
necessary to review that plan set again. Double check to be sure the plan set is not an
as-built, and check plan date to be sure it matches the date in CONTRACT table.

Does the as-built or new plan set have new or modified storm drain features? If no,
then continue to next contract plan set (step 6). If there is a new storm drain feature
or changes to an existing storm drain design, then verify if the feature exists in the
database (step 7).

Continue to the next contract set and determine if the contract exists in the
CONTRACT table (step 1).

Does the feature exist in database? Older contract sets might have been missed
during a previous inventory, and features might have been captured without plan sets.
Be aware that if an update of a county is being performed, some of the contract sets
from SHA might be older plans. Information must be verified. If the feature exists,
record any missing or changed data in the database, and spatially verify in field (step
8). If the feature does not exist in the database, it is a new feature and needs to be
inventoried (step 9).

A feature may have been captured from a previous inventory with no plan set and that
data may need to be entered and field verified from a contract. Continue to next
feature until all data is verified.

A-48

10/21/2008



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2.5

The new feature needs to be field verified. Look for storm drain feature in the field
and verify status, type, and other required attributes mentioned in the standard
procedures manual and Section 2.5. Once in the field, continue to step 10.

Does the storm drain feature exist in the field? If the feature does not exist, continue
to the next feature until the contract set is completely reviewed (step 19). If the
feature does exist, capture the feature in the field with a GPS and record associated
data about the storm drain feature (step 11).

Record GPS location and assign the feature a number. Enter all available data in
appropriate tables, forms, and fields using the field application, and office application
when necessary. Proceed to step 12.

Is storm drain structure type an endwall, headwall, end section, or projection pipe? If
the structure is one of these types, perform a pipe and outfall inspection as described
in Chapter 4 (step 13). If the structure type is anything other than these structure
types, continue to next structure (step 19)

Perform a pipe and outfall inspection of all daylighting pipes as outlined in Chapter 4
of the standard procedures manual. Continue to step 14.

Is the structure a major outfall or is illicit discharge present? If either of these
conditions, perform an lllicit Discharge Detection and Elimination (IDDE) inspection
as outlined in Chapter 5 (step 15). If the structure is neither of these, continue to next
feature (step 19)

Perform an IDDE inspection of the outfall as outlined in Chapter 5 of the standard
procedures manual. Continue to step 16 & 17.

Delineate a drainage area for major outfalls as outlined in Section 2.5.4

Does the outfall have problems or illicit discharge? If issues or illicit discharge are
present then a report is created for SHA (step 18). An example of a report is in
Appendix 5-A. If there are no issues, continue to next feature (step 19).

If illicit discharge or issues are present, prepare and submit a standard report to SHA
as soon as possible. Chapter 5 outlines information to include in this report.

Review the entire contract set for storm drain features until all feature data is
reviewed and represented in the geodatabase.

DATABASE TABLE STRUCTURE

This section provides a narrative description of the geodatabase table structure and should be
read in conjunction with the stormwater NPDES geodatabase structure schematic in
Appendix 6-A.
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The geodatabase is composed of six feature classes and multiple attribute tables that are
linked with relationship classes. The attribute tables and feature classes are joined using a
unique identifier field in each table. The unique identifier field is auto-populated with a
Global Unique Identifier (GUID), and is never modified or changed by the consultant. A
GUID value is a unique number that is produced when adding storm drain features or
inspections using the field and office editing tools. If the field and office editing tools are not
used to inventory and inspect the storm drain infrastructure, and the data will subsequently be
merged into the master database, the GUID values for the unique GUID identifiers will need
to be populated using any variety of GUID generators.

The following are short definitions of the feature classes and attribute tables in the
geodatabase. Detailed descriptions of fields and tables within the feature classes and attribute
tables are discussed starting at Section 2.5.

STRUCTURES Feature Class — stores information such as contract number, structure type,
structure status, or date verified about storm drain structure features in the geodatabase. The
STRUCTURES feature class is joined to the following tables using the STRUCTURE_ID
field:

END_HEADWALL table — stores information pertaining to end or head structures
such as endwall, headwalls, end sections, and projection pipes.

INLET table — stores information pertaining to all inlets and spring boxes.

MANHOLE_CONN table — stores information pertaining to manholes and other
connection features such as pipe connections, pipe direction, ditch intersections, or
junction boxes.

PUMPSTN table — stores information pertaining to pump stations.

SWMRISER table - stores information pertaining to stormwater management
facility risers, i.e. box risers and CMP risers.

WEIR table — stores information pertaining to weir structures and emergency
spillways.

STRUCTURE_ISSUES table — stores structure issues and maintenance items
pertaining to each structure. There can be many STRUCTURE_ISSUES records for
one STRUCTURE record.

FLDSC_SITE table — stores structure location and other screening information for
outfall structures if an illicit discharge screening is performed or if the structure is a
major outfall. The FLDSC_SITE table is also linked to the INSPECTION table via
the STRUCTURE_ID field.
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SWMFAC Feature Class — relates the STRUCTURES and SWMFAC features
classes using the STRUCTURE_ID field to identify structures that are control
structures for stormwater BMPs and inflow structures into stormwater BMPS.

CONVEYANCE Feature Class — relates the STRUCTURES and CONVEYANCE
features classes to identify the upstream and downstream structures for a conveyance
feature.

DRAINAGE_STRUCTURE feature class - links drainage areas to the
STRUCTURES table using the STRUCTURE_ID field. All major outfalls must have
a drainage delineated for the structure.

INSPECTION table — stores location and description information about structures that are
major outfalls or are screened for illicit discharge. The following tables are linked via the
INSPECT _ID field:

FLOW_CHAR table - stores data and descriptive information regarding dry weather
flow, if dry weather flow is present during an outfall screening.

FILE_ATTACH_STR table - stores attached documentation relating to a
stormwater BMP inspections. Documents can include jpg photos of the screened
structure and other map, hand drawing, or marked-up plan sheet.

SWMEAC Feature Class — stores information such as contract number, BMP type, BMP
status or date verified about stormwater BMPs in the geodatabase. The SWMFAC feature
class is joined to the following tables using the FACILITY_ID field:

BMP_INSPECTION table - stores information relating to the inspection of
stormwater BMPs. There can be many inspections per facility.

FILE_SCAN table — stores the scans of contract plan sheets related to the
stormwater BMPs design.

DRAINAGE_SWMFACILITY feature class — links the treatment area to the
SWMFAC table using FACILITY_ID field. All BMPs that receive SHA runoff must
have a treatment area delineated for the structure.

BMP_CENTROID feature class — stores centroid for stormwater BMP polygons
and links to the SWMFAC table via the FACILITY_ID field.

BMP_INSPECTION table — stores information relating to the inspection of stormwater
BMPs. The BMP_INSPECT _ID field is used to link to the following tables:

BMP_INSPECTION_ACTION table — stores maintenance items identified during
field inspection of BMPs.  There can be many BMP_INSPECTION_ACTION
records per BMP inspection.
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CONCERNS - stores pollution and invasive species present during the BMP
inspection. There can be many CONCERNS records per BMP inspection.

FILE_ATTACH_SWM table — stores attached documentation relating to the BMP
inspections. Documents may include jpg photos of the facility and other map, hand
drawing, or marked-up plan sheet.

CONVEYANCE Feature Class — stores information such as conveyance type, length or
conveyance status about conveyance features in the geodatabase. The CONVEYANCE
feature class is joined to the following tables using the CONVEYANCE_ID field:

PIPES table - stores information about pipes, such as size, material, shape, etc. Pipe
inspections are also linked to the PIPES table via the CONVEYANCE_ID field.

DITCH table - stores information about ditches, such as material and bottom width

PIPE INSPECTION table — stores site location information pertaining to pipe inspections
for records in the PIPES table. This table is linked to sub-tables that describe the pipe
conditions in more detail via the P_INSPECT _ID. The following are the sub-tables that are
linked to the PIPES table:

P_INSP_PHOTO table - stores the photo names relating to the pipe inspections.

P_INSP_REC table — stores additional attributes about the pipe being inspected and
condition of the outfall area.

P_INSP_SUBRATING table — stores the pipe conditions information and inspection
comments for each pipe in the PIPES table that is inspected.

CONTRACT table — contacts are recorded in this table and linked to the STRUCTURES,
SWMFAC, CONVEYANCE features classes and the FILE_ATTACH and AGREEMENT
tables via the CONTRACT _ID field. The CONTRACT table stores contract information
such as plan date, limits of work and vertical datum.

META INFO table — stores information about feature data collection, such as method for
creating the feature, creator of the feature, and the date the feature was created. It is linked to
the STRUCTURES, SWMFAC, and CONVEYANCE features classes via the META_ID
field.

OWNER table — stores data about the owner of a feature and is linked to the STRUCTURES
and SWMFAC feature classes via the OWNER_ID.

AGREEMENT table — maintenance and entry agreements between SHA and a second party
are noted in this table. The table is linked to the CONTRACT, STRUCTURES, and
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SWMFAC table via the contract_id field. The agree_id field is used to link to the following
table:

FILE_ATTACH_AGREE table — store attached documentation related to the maintenance
or entry agreement.

2.5.1 Tabular Data Format Conventions

In this report, feature class items, table names, and domains (and domain values) are printed
in capital letters (e.g. PIPES) and field names are printed in italics (e.g. conveyance_id). This
section of the manual will discuss the feature classes, tables, and fields that are populated in
the geodatabase while performing an inventory of storm drain infrastructure. Tables related
to stormwater BMP, outfall/pipe, and illicit discharge inspections are discussed in Chapters
3, 4, and 5, respectively.

All data entered as an acronym will not have periods following each letter; for example:
CMP or BCCMP. Words that are abbreviated will have a period following the abbreviated
word. Coded domain values exist within the geodatabase for some fields that will ensure
consistent data entry. To ensure these values are entered in the proper format, coded values
should be entered into the database tables and not the description of the value.

The feature classes, attribution tables, and associated field information is illustrated on the
geodatabase design schematic in Appendix 6-A. The schematic includes associated
relationships between each feature class and the tables, as well as the coded domain values
set in the geodatabase to be used for data input. Domains and coded values are also available
in Appendix 2-A. The comments field in some tables adds to or clarifies data given in other
fields. Comment fields should be used liberally to alleviate questions or issues.

2.5.2 CONTRACT Table

The CONTRACT table provides an index of the design contracts under which storm drain
infrastructure was constructed for consistency with the SHA filing system. Contract plan sets
are entered into the CONTRACT table whether or not the contract was used in the inventory
and inspection process. Some contracts may show noise wall details or lane widening, and
may not have affected the storm drain infrastructure. These contracts should still be entered
into the CONTRACT table so that they are not review during future inventory tasks. All
contract plan sets received from SHA must be entered into the CONTRACT table in the
geodatabase.

Unique Contract Identifier (contract_id) — The contract identifier is a unique GUID value
that provides a link to other features and tables. This is a unique identifier that will auto-
populate when entering contracts using the office editing application. The CONTRACT
table is linked to the STRUCTURES, CONVEYANCE, and SWMFAC feature classes and to
the FILE_SCAN table by the contract_id field. Once this value is populated it will never be
edited or changed.
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A feature will receive the contract_id of the contract it was designed or modified under.
When a particular feature is shown on multiple contract drawings as an existing feature, and
the information about the feature varies, the feature should be associated with the most recent
contract drawings it appears on. The information on the most recent contract should then be
entered for the storm drain

feature in the associated tables.

SHA Contract Number (cntrct_sha) — This value represents the SHA contract number for
the project, in a standard format. Contract numbers are recorded so that each set of numbers
is separated by a dash (-) and all numbers are in three-digit combinations. When the number
on the contract does not fit the standard format, zeros should be place in front of the number
to create the appropriate number of characters. For example, if a contract reads M-3-356-35,
then M-003-356-035 is recorded in this field. If a contract reads M-3, then M-000-000-003 is
recorded in this field.

In the case of multiple contract numbers listed on a single contract plan set, each contract
number should receive its own record in the CONTRACT table, with the same attributed
information and fields populated for each entry. In these cases, each contract record is
assigned an individual contract_id, and the primary (first) contract number (contract_id)
listed is used to link with other features. For example, if a contract number for a plan set is
M-124-195-106, M-147-189-004, two records in the CONTRACT table will be created for
this single contract plan set, and the first contract number (M-124-195-106) will be used to
link to the feature classes and associated tables.

There are contract numbers that begin with a two letter county abbreviation followed by a
series of numbers and/or letters (ex. MO123456N7. These contract numbers should be left as
is and not conformed to the standard. Therefore, contract number AA34R-N31 should be
entered as is appears on the contract title sheet.

Plan Contract Number (cntrct_plan) — This field records the contract number exactly as it
appears on the plan. In the example above, “M-3-356-35" and “AA34R-N31” would be
entered in this field. For contracts that have multiple contract numbers, all the numbers
should be entered here separated by commas for each CONTRACT record. The geodatabase
will not allow a “null”” value for this field.

Access Permit Number (access_per) — If an access permit exists that impacted a drainage
feature then the access permit number should be entered into this field. An SHA contract
number should be present on the access permit so that a CONTRACT record can be
recorded. The field allows a string of up to 15 characters. If no access permit exists for this
contract or feature, the field should be left blank.

Right of Way Plat Map Number (plat_no) — If a plat map is available, this string field
allows for the plat map number to be recorded. Plat maps will be given to the consultant by
SHA, but they are not required to perform the inventory. An SHA contract number should be
present on the plat map so that a CONTRACT record can be recorded.
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County (cnty_code) — The field records the county code associated with the majority of the
work under the contract. On occasion, limits of work on a contract will go beyond the
county boundary on a contract set. If this is the case, the other counties are noted in the
com_cntrct field. A list of the county codes can be found in Table 2.2 and in the
D_COUNTY_CODE domain table.

Municipality (muni_code) — The municipal code field is for SHA’s use and is not populated
by the consultant.

Route Prefix (rte_prefix) — The field is populated from the codes contained in the
D_PREFIX_CODES domain table. The values are route codes for interstate, U.S.,
Maryland, county, or unknown, and describe what type of roadway the contract covers.

Route Suffix (rte_suffix) — The field is populated from the codes contained in the
D_SUFFIX_CODES domain table. The values are codes for alternate route, business route,
scenic route, ultimate (proposed) route, and unknown, and describe what type of roadway the
contract covers. If no suffix exists for the roadway, then a this field is left blank.

Route Number (rte_no) — This field records the route number in integer format. For
example — MD 355 is entered as 355, and 1-695 is entered as 695.

Section Length (sect_len) — Section length defines the length in miles of the contract work.
If the limit of work length is not defined on the cover sheet, the length can be determined by
using station numbers on the plans set, scaled from plans, or by using measurement tools in
GIS.

Project Limits (prj_limits) — The project limits field contains a narrative description of the
project limits (e.g. from Maple Road to 1-95). This is usually found on the cover sheet. If
limits are not clearly defined, it may be necessary to identify the limits using other mapping
(ADC book, GIS, etc.).

Year Built (year_built) — This value represents the actual year of construction completion.
Often, this is not included on the plans. If a year built is unknown, the field is left blank.

Plan Date (plan_date) — This field records the last year (including revisions) shown on the
drawings. If a plan date is unknown, the field is left blank.

Contract Comments (com_cntrct) — This field records additional information considered
relevant by the researcher and clarify the response given in the other fields if necessary. It
allows 120 characters.

Vertical Datum (v_datum) — The vertical datum used in the contract design is recorded here
and uses the D_V_DATUM domain value. If the vertical datum is unknown, the field is left
blank. It should not be assumed that any contract that has a plan date prior to 1988 will have
a vertical datum of 1929.
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2.5.3 STRUCTURES Feature Class

Storm drain structures within SHA ROW are inventoried. Information on private storm drain
structures will need to be collected if a private system ties into SHA owned storm drain
features. The only structures that are not inventoried within SHA ROW are single residential
driveway culvert end structures (See Section 2.1.2 and Section 2.2.3 for more details), bridge
inlets, under drains, roof drainage, or other private tie-ins, with the exception of the first or
last structure from a private storm drain system. If an under drain pipe has an end structure
(such as an endwall), then the structure is inventoried, with the under drain pipe size and
material in the com_eh field in the END_HEADWALL table (Section 2.5.3.1). Refer to
Section 2.1 and Section 2.2 for a more detailed description on how to inventory different
storm drain features.

Unique Structure Identifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to other features and tables. This is a unique identifier that will
auto-populate when entering structures using the office and field editing application. Once
this value is populated, it will never be edited or changed.

SHA Structure Number (sha_str_no) — When interpreting drawings, each structure in a
drainage system should be identified and numbered during the feature-capture phase
described in Section 2.2.2. This field contains the seven (7)-digit system identification
number followed by the three (3)-digit unique structure identifier (e.g. 1300140.007). Every
structure must be assigned an SHA structure number. The geodatabase will not allow a
“null” value for this field.

When performing a re-inventory of a county, it will be necessary to know the last system
number in the geodatabase for that county, as well as the next structure number in a system if
features are being added to an existing system. A database review will be necessary to
identify new system and structure numbers to ensure that duplication of sha_str_no does not
occur. Error checking within the editing applications is performed that will not allow users
to enter a duplicate structure number. Structure numbers should never be changed, to ensure
that historic data is not lost.

During the initial inventory of a county, the most downstream structure should be identified
as the .001 structure in system. If, while performing a re-inventory, it is discovered that an
existing system in the geodatabase has been extended downstream, the new downstream
structure(s) does not need to be the .001 structure, since structure numbers are never
changed. It is okay to delete structures from a system, and use that structure’s number again
as part of the same system.

Contract Identifier (contract_id) — The contract identifier serves as a link between the
STRUCTURE feature and the CONTRACT table. Enter the contract_id corresponding to
the contract under which the structure was constructed or modified. For example, an inlet
that is capped should contain the structure type “CI” in the struct_type field. The contract_id
field should contain the contract ID that did the capping. When using the editing
applications, the existing contract numbers for a feature will be selected based on the
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cntrct_plan field in the CONTRACT table, and the contract_id field will auto-populate in the
STRUCTURES table.

The contract_id and plandate fields are dependent on one another. The following are
guidelines to follow when populating the contract_id and plandate fields.

e A storm drain feature is assigned the contract_id and plandate under which it was
built or modified.

e |f a storm drain feature appears on a contract drawing as existing, and no earlier plans
show the original design of that feature, the contract_id is the contract number of the
plans showing the feature as existing, and the plandate is recorded as 9999.

e |f a storm drain feature is shown as existing on two sets of plans, and the original
design plans are unavailable, use the contract_id of the older existing plan set, and the
plandate is recorded as 9999.

e If no plans exist for a feature, then contract_id is left blank, and plandate is recorded
as 9999.

Figure 2.13 is an example of existing and proposed storm drain features on the same contract
plan sheet.

Existing Storm Drain l

Proposed Storm Drain

= |B'RCE
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Figure 2.13- Example Plan Sheet

The plan sheet above is the only available plan showing the existing storm drain features.
The original plan sheets for the existing storm drain were not available. In this case, the
contract_id for the existing features would be the contract number from this plan set
because the existing features appear on it. The plandate would be 9999 for the existing
features because the original design sheets are not available.

SHA Structure Type (str_type) — Storm drain features are assigned a structure type from the
domain table D_STRUCT _TYPE. The domain includes values such as inlet, endwall,
headwall, ditch intersection, etc. The geodatabase will not allow a “null” value for this field.
The following are guidelines to follow when selecting a structure type:

e |f a structure has been modified under several contracts, the type of structure, as it
exists today, should be entered and field verified.

e When the structure type is unknown, an educated guess should be made for the type,
and the unknown option chosen for that type. For example, if a structure type is
unknown, but it is assumed to be an inlet, “UNK IN” would be chosen from the
domain list.

e Pipes projecting from fill material that have no structure attached are entered as
projecting pipe. This includes box culverts with no defined endwall (refer to Section
2.1.2 and Section 2.2.3 for more information on cross culvert inventory).

e Headwalls, end sections, and other inflow structures at the upstream end of a pipe are
not considered inlets, unless the structure is an inlet or spring head/box. These
“head” structure should be inventoried as END _HEADWALL structures.

e Any wall structure at the upstream end of a pipe is inventoried as a headwall. Any
wall structure at the downstream end of a pipe is inventoried as an endwall.

e Headwalls, end sections, and projection pipes controlling flow out of a BMP as a
control structure are inventoried based on the structure type and not as risers.

Mile Point (st_ml_pt) — The state mile point field contains the mile marker value closest to
the structure. Because data is not widely available on contract drawings, this field is not
required at this time.

Function Class (func_class) — The function class of a feature is selected from the
D_FUNC_CLASS domain. The purpose of this field is to identify whether the structure is
serving as an inflow (IF), outflow (OF), connection (CN), or control structure (CS). If a
structure is controlling flow out of a BMP, that structure is considered a control structure
(CS), and not an inflow (IF) structure. For example, a headwall controlling flow out of a
stormwater BMP will be inventoried as a headwall but will be assigned a func_class value of
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CS. The geodatabase will not allow a “null” value for this field. Refer to Table 2.4 for a list
of valid func_class values per structure type (str_type).

Table 2.4 — Function Class per Structure Type

STR_TYPE FUNC_CLASS STR_TYPE FUNC_CLASS
Inlet IF, CS Endwall OF
Spring Head IF Headwall IF, CS
UNK'IN IF, CS End Section IF, OF, CS
Manhole CN Projection Pipe IF, OF, CS
Ditch Intersection CN UNK EH IF, OF, CS

Storm Water Management

Junction Box CN Structure CS
Pipe Connection CN UNK SW CS
Pipe Direction CN Pump Station CS
Junction Box CN UNK PS CS
Pipe Bend CN Emergency Spillway CS
Y Connection CN
Capped Inlet CN
UNK MH CN

*CN = Connection, CS = Control Structure, IF = Inflow, OF = Outflow

Owner ldentification (owner_id) — The owner identifier serves as a link between the
STRUCTURE feature and the OWNER table. Enter the owner_id corresponding to the
organization that owns and maintains the storm drain feature. When using the editing
applications, the owner of a feature will be selected from the org_namel field in the
OWNER table, and the owner_id field will auto-populate in the STRUCTURES table.
Section 2.3.12 describes the OWNER table and fields.

Maryland Watershed (md wshd) — The field is populated with values from the
D_WATERSHED domain. The domain contains the Maryland watershed basin codes as
found in COMAR 26.08.02.08U. The geodatabase will not allow a “null” value for this field.
A value of 99-99-99 for “Out of State” should be entered in this field for structures that drain
outside of Maryland watersheds. A Maryland watershed GIS shapefile should be used to
determine this value for each structure. The md_wshd field should be populated after all the
data is collected and represented spatially. Once all data is entered into the geodatabase, an
intersect tool in GIS can be used to populate this value for all structures in the database.
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Discharge Point (discharge pt) — The point discharge location is defined as the most
downstream feature of a system regardless of str_type where flow leaves SHA ROW. Use
1(Yes) or 2(No) in the D_BOOLEANVALUES domain to identify if the structure is a
discharge point. The following are guidelines to follow when assigning a structure as a
discharge point:

e A discharge point is the most downstream structure in the system and can correlate
with any type of structure, outfall, or pipe connection except a ditch intersection.

e |If the most downstream structure in a system is a ditch intersection feature, the
discharge point will be the next structure upstream (the outfall structure).

e All outfalls into and out of stormwater BMPs are study points since these features end
separate systems.

e If a ditch is inventoried without physical end structure, the downstream ditch
intersection is the discharge point.

e Some systems may have two outfall points, and therefore two discharge points would
be recorded for these systems, one for each most downstream structure.

Plan Date (plandate) — Refer to Contract Identifier (contract_id) description above.

Date Verified (date ver) — The field records the Month/Day/Year that the database
information was verified in the field. The date_ver field corresponds to the feat_status field.
For all feat_status options, use the date the feature was field verified. If a structure cannot be
field verified because it is proposed (PRO), unable to be verified (UTV), or abandoned
(ABD), the date_ver is the date the structure information was entered in the database tables.
The geodatabase will auto-populate the date verified with the date of the edit. A “null” value
is not allowed for this field.

Feature Status (feat_status) — The field describes the status of the feature and is populated
with values from the D_FEAT_STATUS domain. This field should be verified in the field.
The geodatabase will not allow a “null” value for this field. The following are guidelines to
follow when entering a feature status value:

e If a structure appears on the plans, but is buried, paved, submerged, etc. in the field, then
the feat_status for that structure is EXIST, and comments should be provided similar to:
“Assumed structure; buried?”

e If it is known that a structure does not exist in the field, and the feature is not PRO, UTV,
or ABD, that feature can be left out of the database and is not inventoried.

e The domain includes the following values:

- Existing — Existing structure in active use. The information may be incomplete for
existing features and is completed when older plans (showing the data) are examined.
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Pending retrofits are flagged as existing features, and only the existing data is entered.
Proposed retrofit data is not entered, until field verified.

- Abandoned - Existing structure no longer in use. The database information should be
completed. Capped inlets are not abandoned, but should have a feat_status of EXIST
if shown on contract plans. Abandoned structures would be endwalls and manholes
where the pipe(s) is bricked-up and other structures that no longer convey
stormwater.

- Proposed — Structure shown on contract drawings that have not been constructed yet.
For proposed structures, attribute data is collected from the contract set if the
structures have not been built yet. Further investigation may be necessary to
determine invert elevations, top of grate elevations, etc. from the profile drawings.

- Unable to Verify — Structure thought to exist, but unable to be field-verified due to
inaccessibility or other issues. The required geodatabase information should be
completed based on the obtained contract drawings.

Date Abandoned (dateabandoned) — The field records the year the structure was abandoned.
This will usually correspond to the plan date on a newer contract set showing the
abandonment. If the structure is not abandoned, this field is left blank.

Metadata Identification (meta_id) — The value is the same as in the META_INFO table
described in Section 2.3.11, and provides the link between the structure feature and the
metadata. A new metadata record should be created for each day an inventory is conducted.
The geodatabase will not allow a “null” value for this field.

Major Outfall (maj_outf) — The field uses 1(Yes) or 2(No) D_BOOLEANVALUES to
identify if the structure is a major outfall. An outfall is considered a major outfall if the
inside diameter of the pipe is > 36 inches (1018 square inches) or equivalent flow area for
non-circular pipes for closed storm drain systems. Outfall into and out of a BMP can be
considered major outfalls. This field should be verified in the field.

If a system ends at a closed storm drain structure (such as an inlet), because the downstream
outfall cannot be found, and the pipe is > 36 inches in diameter, then that inlet would be
considered a major outfall. A system will usually have only one structure that can be a major
outfall, which will be the most downstream structure or outfall. If a situation arises where a
system has two outfalls > 36 inches in diameter, then each outfall will be assigned as a major
outfall. Refer to Chapter 5 for more information on major outfalls.

Additional Structure Comments (comments) — This field allows for additional information
and comments related to the structure. This field is only used to describe unique situations
and clarify the response given in the other fields if necessary. It allows 255 characters.

2.5.3.1 END_HEADWALL Table

The END_HEADWALL table is used to record additional attribute information about the
structures on the upstream or downstream end of a pipe that daylights. Inlets, manholes,
connections, and control structures are not stored in this table. Structure types included in
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this table are endwall (EW), headwall (HW), end section (ES), projecting pipe (PP), and
unknown end/headwall (UNK EH).

To properly inventory end and head structures that carry multiple pipes, refer to Section
2.2.3.5.

Unique Structure ID (structure_id) — The structure identifier is a unique GUID value that
provides a link to the STRUCTURE table. When a structure is designated an end/head
structure, the structure_id is carried over and populated in this field. The editing applications
will auto-generate a record in the END_HEADWALL table with the structure_id. The
geodatabase will not allow a “null” value for this field.

Endwall/Headwall Designation (desg_eh) — This field contains a description of the end or
head structure type and references the D_EH_TYPE domain. These domain values are
abbreviations from structure types in the SHA Standard Design Manual. This domain list has
values that describe the end/head structure and include B, C, E, F, G, and H end/headwalls,
wingwalls, end support walls, endsections, projection pipes, and an option of other
end/headwall structures not included in the domain list. For example, a Type C End or
Headwall is abbreviated CEW. This information should be verified in the field.

Endwall/Headwall Material (mtrl_eh) — This field describes the material of the end/head
structure and uses values from the D MATERIAL_END domain. The domain includes
codes for the material, such as concrete, metal, or masonry and brick. The geodatabase will
not allow a “null” value for this field. This information should be verified in the field. The
following are guidelines to follow when assigning the material:

e If an end structure is constructed of multiple materials, then the majority of material
is the value.

e The material for a projection pipe is the same as the material of the associated pipe.

e If an end structure cannot be field verified for any reason, the material on the contract
plans is entered.

Endwall/Headwall Comments (com_eh) — This field contains comments specific to the
endwall structure. The field allows 120 characters and should be used liberally. Structure
type does not need to be entered here; this is represented by the desg_eh field.

2.5.3.2 INLET Table

The INLET table is used to record additional attribute information about inlet and spring
head/box structures. Structure types included in this field are inlet (IN), springhead (SH),
and unknown inlet (UNK IN).

Unique Structure ldentifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. When a structure is designated an inlet
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structure, the structure_id is carried over and populated in this field. The editing applications
will auto-generate a record in the INLET table with the structure_id. The geodatabase will
not allow a “null” value for this field.

Inlet Designation (desg_in) — This field contains a description of the inlet type and
references the D_INLET _TYPE domain. This domain has values that include COG, COS,
Double Grate WR Inlets, H Combination Inlets, etc. These domain values are abbreviations
from structure types in the SHA Standard Design Manual. For example, a Type WR Inlet
with a double grate is abbreviated 2WR. The inlet type should be verified in the field. It is
expected that the field team be familiar with inlet types prior to conducting field work.

COG/COS Length (inlet_len) — The length of COG and COS inlets is recorded here and
refers to values in the D_INLET_LENGTH domain. The domain includes codes for the
lengths of standard COG and COS inlets only. All other inlet types will have an inlet_len
equal to NULL. This data should be verified in the field. Often the inlet length is identified
on contract plans. If not, then a field measurement of the COC or COS opening is necessary.

Inlet Material (mtrl_in) — This field describes the material of the inlet structure and uses
values from the D MATERIAL domain. The domain includes codes for the inlet material,
such as concrete, metal, masonry, brick, etc. If an inlet structure is constructed of multiple
materials, then the majority of material is the value. Often inlet material is identified on
contract plans, but the material should be verified in the field.

Grate Elevation (top_of grt) — This field records the elevation, in feet, of the top of grate
from contract plans. If this information is unavailable, then the field is left blank.0

Inlet Comments (com_in) — Comments specific to the inlet structure are recorded here. The
field allows 120 characters, and should be used liberally. Structure type should not be
entered here, but in the desg_in field instead.

2.5.3.3 MANHOLE_CONN Table

The MANHOLE_CONN table is used to record additional information for storm drain
structural connections. Structure types included in this table are manhole (MH), ditch
intersection (ID), junction box (JB), pipe connection (PC), pipe direction (PD), wye
connection (YC), capped inlet (Cl), pipe bend (PB), and unknown manhole (UNK MH).
Pipe connections that end a system at a box culvert or stream crossing will still be
inventoried in the MANHOLE_CONNECTION table.

Unique Structure ldentifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. When a structure is designated a
manhole or connection structure, the structure_id is carried over and populated in this field.
The editing applications will auto-generate a record in the MANHOLE_CONN table with the
structure_id. The geodatabase will not allow a “null” value for this field.
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Connection Material (mtrl_conn) — This field describes the material of the manhole or
connection and uses values from the D MATERIAL domain. The domain includes codes for
connection material such as concrete, metal, masonry, brick, grass, etc. ~ Since manhole lids
will not typically be opened and other connection features are not visible, the material for this
field should be captured using contract plans when available.

The following are guidelines to follow when assigning a material for a connection structure:

e |If the material for a manhole or junction box is not on the contract sheets, then the
value of UNK is entered.

e If a manhole or connection structure is constructed of multiple materials, then the
majority of material is the value.

e If the structure is a ditch intersection, the material is the same material as the ditch it
represents. If one continuous ditch changes material, a ditch intersection can be
inventoried to distinguish the material change, and the material is that of the upstream
ditch.

e If the structure is a pipe connection, the material is the same material as the pipe it
represents. If one continuous pipe changes material, a pipe connection can be
inventoried to distinguish the material change, and the material is that of the upstream
pipe.

e The material for a pipe direction, pipe bend, or wye connection is that of the pipe it
represents.

e Access to capped inlets will not be possible in the field, so the original inlet material
should be determined from the contract drawings, otherwise UNK is entered.

Top of Manhole Elevation (top_of _mh) — This field contains the elevation, in feet, of the
top of manhole from contract plans.

Manhole Comments (com_mh) — Comments specific to the manhole structure are recorded
here. The field allows 120 characters, and should be used liberally. Structure type should not
be entered here.

2.5.3.4 PUMPSTN Table

The PUMPSTN table is used to record additional information for pump stations. Structure
types included in this table are pump station (PS) and unknown pump station (UNK PS).

Unique Structure ldentifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. When a structure is designated a pump
station, the structure_id is carried over and populated in this field. The editing applications
will auto-generate a record in the PUMPSTN table with the structure_id. The geodatabase
will not allow a “null”” value for this field.

Station Name (station_name) — The name of the pump station as it appears on the plan is
recorded here. If no station name is given, an appropriate descriptive name should be
entered.
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Install Date (install_date) — This field contains the year that the pump station was installed
as it appears on plans.

Number of Pumps (no_of pumps) — This field records an integer corresponding to the
number of pumps present at the station as it appears on plans.

Pump Maximum Capacity (max_capacity) — This field contains the maximum pump
capacity of the pump station, in cubic feet per second (cfs) as it appears on plans.

2.5.3.5 SWMRISER Table

The stormwater management riser table is used to record additional information for BMP
riser structures. Weirs and other structures that function as a control structures are not
included in the riser table. Structure types included in this table are SWM structure (SW)
and unknown SWM structure (UNK SW).

Unique Structure ldentifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. When a structure is designated a riser,
the structure_id is carried over and populated in this field. The editing applications will
auto-generate a record in the SWMRISER table with the structure_id. The geodatabase will
not allow a “null” value for this field.

Material (mtrl_riser) — Describes the material of the riser structure and uses values from the
D_MATERIAL_END domain. The domain includes codes for the riser material, such as
concrete, metal, masonry, brick, etc. If a riser structure is constructed of multiple materials,
then the majority of material is the value.

Trashrack (trashrack) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES to identify
if the riser has a trashrack on the main opening of the riser and not the low flow orifice. This
information should be verified in the field.

Invert Stage 1 (stage_invl) — This field records the invert elevation of the lowest outflow
control on the riser structure, in feet as it appears on plans.

Invert Stage 2 (stage_inv2) — This field records the invert elevation of the second lowest
outflow control on the riser structure, in feet as it appears on plans. If none exists, this field
should be left blank.

Invert Stage 3 (stage_inv3) — This field records the invert elevation of the third lowest
outflow control on the riser structure, in feet as it appears on plans. If none exists, this field
should be left blank.
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Invert Stage 4 (stage_inv4) — This field records the invert elevation of the fourth lowest
outflow control on the riser structure, in feet as it appears on plans. If none exists, this field
should be left blank.

Outlet Type (outlet_type) — This field describes the type of riser structure and uses values
from the D_RISER domain. The domain includes codes for the type of riser and includes
box shape riser, pipe riser, unknown, and other. The riser type should be verified in the field.

2.5.3.6 WEIR Table

Records in this table are strictly weirs and emergency spillways. Structure types included in
this table are SWM structure (SW) and unknown SWM structure (UNK SW).

Unique Structure Identifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. When a structure is designated a weir,
the structure_id is carried over and populated in this field. The editing applications will
auto-generate a record in the WEIR table with the structure_id. The geodatabase will not
allow a “null” value for this field.

Material (mtrl_weir) — This field describes the material of the weir and uses values from the
D_MATERIAL_WEIR domain. The domain includes codes for the weir material, such as
riprap, wood, concrete, etc. If a riser structure is constructed of multiple materials, then the
majority of material is the value. The material type should be verified in the field.

Trashrack (trashrack) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES to identify
if the weir has a trashrack, which should be verified in the field.

Invert Stage 1 (stage_invl) — This field records the invert elevation of the lowest outflow
control on the weir structure, in feet as it appears on plans.

Invert Stage 2 (stage_inv2) — This field records the invert elevation of the second lowest
outflow control on the weir structure, in feet as it appears on plans. If none exists, this field
should be left blank.

Invert Stage 3 (stage_inv3) — This field records the invert elevation of the third lowest
outflow control on the weir structure, in feet as it appears on plans. If none exists, this field
should be left blank.

Invert Stage 4 (stage_inv4) — This field records the invert elevation of the fourth lowest
outflow control on the weir structure, in feet as it appears on plans. If none exists, this field
should be left blank.

2.5.3.7 STRUCTURE_ISSUE Table
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The purpose of this table is to record issues and hazards related to structures. Each structure
can have multiple issues recorded. Issues relating to sedimentation of structures, structure
damage, or inability to access are recorded for structures in the STRUCTURE_ISSUE table.
These values are at the discretion of the field team.

Unique Structure ID (structure_id) — The structure identifier is a unique GUID value that
provides a link to the STRUCTURE table. The editing applications will auto-generate this
value when issues are selected. The geodatabase will not allow a “null”” value for this field.

Structure Issue (attention) - This field identifies if a feature has a structural or hazardous
issue and uses values in the D_ATTENTION domain. An H hazard value should only be
used if the structure needs to be immediately addressed. The valid values for this field are as
follows:

H — Hazardous conditions to traffic or pedestrians. This can include road damage, sidewalk
damage, missing grates, missing manhole lids, or any other condition that should be
addressed immediately.

Examples of roadway, curb, and shoulder damage that would receive an “H” value for
structure issue. Inlet grate damage in high traffic areas should also receive an “H”.

1(Y) — A condition exists but the issue is not potentially hazardous to traffic or pedestrians,
and should be resolved at a later date.

r 1

& gt A VR SRS S
Id be noted as a “1” but are not necessarily
affecting the public, such as clogged inlets and damaged structures away from general

public.

mpleshof structure conditions that shou

2(N) — The condition exists, but no action needs to be taken at this time. An example of this
would be minor damage to an outfall wall off the shoulder, outfall pipes submerged, and
structures that could not be accessed. This value should be verified in the field.
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Examples of structures that would receive a “2” value for structure issues, such as
submerged structures or structures with minor accumulation of debris and sediment.

Type of Problem/Issue (structure_issue) — This field describes the structure issue and uses
the values from the D_ISSUE_TYPE domain. Multiple structure issues can be recorded per
structure, and can include structures that are unable to be accessed, buried and submerged
structures, issues related to grates and manhole lids, and issues related to the overall structure
condition. The field application will allow the field team to select these issues as needed.

2.5.4 DRAINAGE_STRUCTURE Feature Class

Drainage areas to structures are polygon features that include all storm drain flow, both
runoff and through closed storm drain networks, exiting a system through a major outfall
(defined in Section 2.5.3). Typically, drainage areas are not delineated to other feature types,
but the functionality is present to allow for it. The drainage area for a major outfall should
include all structures associated with the major outfall systems.

Topographic contour line coverage should be used when delineating drainage areas. Base
map topography, the storm drain network, and field observations are utilized to delineate
drainage areas to major outfalls.

If accurate topography is unavailable, then these areas should be field verified. Other source
data that will aid in delineating drainage areas include: orthophotos, roadway edges,
buildings, county storm drain coverage, and stormwater management design reports. This
information is available through SHA.

The editing application does not allow for drainage area delineation. Instead, drainage areas
should be delineated using basic GIS tools and imported into the master geodatabase. Refer
to Chapter 6 for a more detailed description on how to merge drainage areas into the
geodatabase.

Unique Structure ldentifier (structure_id) — The structure identifier is a unique GUID
value that provides a link to the STRUCTURE table. Since the editing application is not
used to delineate drainage areas, it is up to the user to populate the structure_id properly per
drainage area feature. The geodatabase will not allow a “null” value for this field.

2.5.5 CONVEYANCE Feature Class
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The CONVEYANCE feature class contains the feature information for pipes, ditches, and
hydraulic connectivity paths. Pipes and ditches within SHA ROW are inventoried. Under-
drain pipes, roof drains, and bridge drains are not inventoried. Refer to Section 2.1.2 for
guidelines on inventorying pipes, ditches, and hydraulic connectors. All conveyance features
must have an upstream and downstream structure_id associated with them.

The editing application will allow the user to pick the upstream and downstream structure to
create pipe conveyance as described in Chapter 6. Ditches should be surveyed using a GPS
and snapped to the upstream and downstream structures. Ditch shapes may need to be
modified using ArcGIS tools to represent field conditions, depending on the GPS signal
strength and ability to survey the ditch. Heavy vegetation, fences, slopes, and walls may
make it impossible to survey a ditch; therefore, the ability to manually digitize a ditch is
possible using the editing application.

Hydraulic connectors are strictly used to represent connectivity from inflow point(s) to the
control structure of a stormwater BMP. There is no associated table that stores information
about the hydraulic connector feature. Refer to Section 2.1.2.3 for guidelines on creating
hydraulic connectors.

Unique Conveyance ldentifier (conveyance_id) — The conveyance identifier is a unique
GUID value that provides a link to other features and tables. This is a unique identifier that
will auto-populate when entering conveyance features using the office and field editing
application. Once this value is populated, it will never be edited or changed.

Conveyance Type (conv_type) — This field describes the type of conveyance being collected
and uses values for the D_CONV_TYPE domain. The domain contains values for pipe,
ditch, and hydraulic connector. There are associated tables that are used to describe the pipes
and ditches. The geodatabase will not allow a “null” value for this field.

Contract Identifier (contract_id) — The contract identifier serves as a link between the
CONVEYANCE feature and the CONTRACT table. Enter the contract_id corresponding to
the contract under which the conveyance was constructed or modified. For example, if a
pipe is extended, the contract_id field should contain the contract ID that did the extending.
When using the editing applications, the existing contract numbers for a feature will be
selected based on the cntrct_plan field in the CONTRACT table, and the contract_id field
will auto-populate in the CONVEYANCE table.

The contract_id and plandate fields are dependent on one another. The following are
guidelines to follow when populating the contract_id and plandate fields.

e A conveyance feature is assigned the contract_id and plandate under which it was
built or modified.

e |f a conveyance feature appears on a contract drawing as existing, and no earlier plans
show the original design of that feature, the contract_id is the contract number of the
plans showing the feature as existing, and the plandate is recorded as 9999.
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If a conveyance feature is shown as existing on two sets of plans, and the original
design plans are unavailable, use the contract_id of the older existing plan set, and the
plandate is recorded as 9999.

If no plans exist for a feature, then contract_id is left blank, and plandate is recorded
as 9999.

Ditches are often not shown on the contract drawings, but the flow is clearly
conveyed to another upstream or downstream structure. If both the upstream and
downstream structures have the same contract identifier, it can be assumed that the
ditch was constructed under the same contract. If it can be reasonably assumed that
the ditch was significantly impacted during the construction of either structure, the
newer contract identifier should be used.

Figure 2.14 is an example of existing and proposed conveyance features on the same contract
plan sheet.

Figure 2.14 — Example Plan Sheet

The plan sheet above is the only available plan showing the existing conveyance features.
The original plan sheets for the existing storm drain were not available. In this case, the
contract_id for the existing features would be the contract number from this plan set
because the existing features appear on it. The plandate would be 9999 for the existing

features because the original design sheets are not available.

Upstream Structure lIdentifier (upstrm_str) — The upstream structure identifier should
contain the same structure_id value in the STRUCTURES table that corresponds to the
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upstream structure of the conveyance. The geodatabase does not allow a “null” value for this
field; all conveyance features must have an upstrm_str value. The upstrm_str value will
auto-populate in the CONVEYANCE table when the upstream structure is selected for a
conveyance when using the editing application.

Downstream Structure (dnstrm_str) — The downstream structure identifier should contain
the same structure_id value in the STRUCTURES table that corresponds to the downstream
structure of the conveyance. The geodatabase does not allow a “null” value for this field; all
conveyance features must have an dnstrm_str value. The dnstrm_str value will auto-
populate in the CONVEYANCE table when the downstream structure is selected for a
conveyance when using the editing application.

Unit Length (unit_len) — This field records the length of the conveyance in feet and should
be populated using pipe profiles and schedules from contract plan sheets. The geodatabase
will not allow a “null” value for this field. The following are guidelines to follow when
assigning a conveyance a unit length value:

e Unit length should be populated based on pipe profiles or schedules.

e If profiles or schedules are not available, the unit_len can be scaled from the plan
views.

e When plans are not available or the storm drain layout does not match the contract
plans, unit_len can be populated using GIS tools once conveyance has been spatially
represented.

e The length for ditches and hydraulic connectors should be the flow path length and
may not be a straight line.

Upstream Invert Elevation (invert_in) — This field records the upstream invert elevation in
feet as it appears on plans. If plans or invert elevations are not available, this value is left
blank. When a pipe appears on multiple contract plans sheets, and the invert elevations vary
between these plans sheets, use the invert elevation from the more recent contract plans
sheet.

Downstream Invert Elevation (invert_out) — The downstream invert elevation is recorded
here in feet as it appears on plans. If plans or invert elevations are not available, this value is
left blank. When a pipe appears on multiple contract plans sheets, and the invert elevations
vary between these plans sheets, use the invert elevation from the more recent contract plans
sheet.

Additional Conveyance Comments (com_conv) — This field allows for additional
information and comments related to the conveyance. This field is only used to describe
unique situations and clarify the response given in the other fields, if necessary. It allows
255 characters.

Plan Date (plandate) — Refer to Contract Identifier (contract_id) description above.
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Feature Status (feat_status) — The field describes the status of the feature and is populated
with values from the D_FEAT_STATUS domain. This field should be verified in the field.
The geodatabase will not allow a “null” value for this field. The following are guidelines to
follow when entering a feature status value:

e |f a conveyance feature appears on the plans, but is buried, paved, submerged, etc. in the
field, then the feat_status for that structure is EXIST.

e |If it is known that a conveyance feature does not exist in the field, and the feature is not
PRO, UTV, or ABD, that feature can be left out of the database and is not inventoried.

e The domain includes the following values:

- Existing — Existing conveyance features in active use. The information may be
incomplete for existing features and is completed when older plans (showing the data)
are examined. Pending retrofits are flagged as existing features, and only the existing
data is entered. Proposed retrofit data is not entered, until field verified.

- Abandoned - Existing conveyance features no longer in use. The database
information should still be completed.

- Proposed — Conveyance features shown on contract drawings that have not been
constructed yet. For proposed conveyance features, attribute data is collected from
the contract set if the features have not been built yet. Further investigation may be
necessary to determine invert elevations, pipe material and size, etc. from the profile
drawings.

- Unable to Verify — Conveyance features thought to exist, but unable to be field-
verified due to inaccessibility or other issues. The required geodatabase information
should be completed based on the obtained contract drawings.

Date Abandoned (dateabandoned) — The year the structure was abandoned is recorded here.
This will usually correspond to the plan date on a newer contract set showing the
abandonment. If the structure is not abandoned, this field is left blank.

Metadata Identification (meta_id) — This value is the same as in the META_INFO table
described in Section 2.3.11, and provides the link between the structure feature and the
metadata. A new metadata record should be created for each day an inventory is conducted.
The geodatabase will not allow a “null” value for this field.

2.55.1 DITCH Table
All significant ditches are to be inventoried as described in Sections 2.1 and 2.2.
Unique Conveyance ldentifier (conveyance_id) — The conveyance identifier is a unique

GUID value that provides a link to the CONVEYENCE table. When a conveyence is
designated a ditch, the conveyance _id is carried over and populated in this field. The editing
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applications will auto-generate a record in the DITCH table with the conveyance id. The
geodatabase will not allow a “null” value for this field.

Ditch Bottom Width (bottom_width) — This field should be filled in only when the ditch
bottom width is > 2 feet. The value is recorded in feet (rounded up). For V-channel ditches
and ditches with a bottom width < 2 feet, the field is left blank. This field can be populated
using plans, but should be field verified.

Trapezoid Side Slope (trap_ss) — The trapezoid side slope refers to the slope of the sides of
a trapezoidal or V-channel ditch represented as a ratio of some number to 1. For example, 2
would represent a 2:1 slope. This field can be populated using plans, but should be field
verified.

Material (mtrl_ditch) — This field describes the ditch material and uses values from the
D_MATERIAL_DITCH domain. The domain includes values such as riprap, concrete,
vegetated, etc. This field can be populated using plans, but should be field verified.

2.5.5.2 PIPES Table

The primary source pipe information is contract plan sheets. Care is taken with as-built
contract sets because revisions are not always depicted on pipe profile sheets. Pipe direction,
material, size, and connectivity should be verified in the field if this information is gathered
from plans. Refer to Section 2.1 and 2.2 for guidelines on inventorying pipes

Unique Conveyance ldentifier (conveyance id) — The conveyance identifier is a unique
GUID value that provides a link to the CONVAYENCE table. When a convayence is
designated as a pipe, the conveyance_id is carried over and populated in this field. The
editing applications will auto-generate a record in the PIPE table with the conveyance_id.
The geodatabase will not allow a “null” value for this field.

Pipe Diameter (pipe_sizel) — This is the pipe diameter or major pipe axis length for non-
circular pipes. Pipe sizes are entered in inches. The following are guidelines for determining
pipe diameter size:

e Pipe sizes should be determined from contact plans, but field verified. It is not
necessary to open manhole lids or inlet grates, but it is recommended that a 25-foot
measuring tape and flashlight be carried in the field to measure and verify pipe sizes
in the field.

e Pipes attached to manholes and other connection structures cannot be field measured,
but pipes attached to inlets and end/head structures should be verified.

e |f pipes are buried with sediment or cannot be field verified, use the pipe size shown
on the contract plans. If no plans are available, the consultant should make every
attempt to field verify the pipe size. If the size can absolutely not be determined and
plans sheets are not available, the field can be left blank.
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Minor Dimension (pipe_size2) — This field records the minor dimension of non-standard
pipes. Pipe sizes are entered in inches. The same guidelines used for pipe_sizel are to be
followed.

Cross-sectional Area (xs_area) — The cross-sectional area field contains the flow area of the
pipe in square inches. If multiple pipes are associated with a single end structure feature,
then the cross sectional area for the single pipe conveyance should be multiplied by the
number of pipes, as discussed in Section 2.2.3.5. The com_conv field below should be used
to clarify what is represented.

Cross-sectional Shape (xs_shape) — This field describes the cross-sectional shape of a pipe
and uses values from the D_SHAPE domain. Values include round, arch, box, trapezoid, and
ellipse. This data can be populated using plans, but must be field verified when able.

Material (mtrl_pipe) — This field describes the pipe material and uses values from the
D_MATERIAL_PIPE domain. Values include reinforced concrete, corrugated metal, cast
iron, etc. This data can be populated using plans, but must be field verified when able.
When a single pipe changes material, a pipe connection feature can be added so that multiple
PIPES records can be created to reflect different materials, as discussed in Section 2.2.3.2.

Pressure (pressure) — The pressure field identifies how flow is controlled through the pipe
and uses values from the D_PRESSURE domain. Values included whether the flow through

the conveyance is controlled through gravity, a force drain, or inverted siphon. Most pipes
will be controlled through gravity.

2.5.5.3 PIPE_INSPECTION Table

Pipe inspections should be conducted on pipes that have an end or head structure. Pipes
between closed storm drain structures are not inspected. The fields contained in this table are
detailed in Chapter 4, Storm Drain Outfall Inspection Program (SDOIP).

25.5.4 P_INSP_PHOTO Table

This table is populated as part of the SDOIP inspection. The fields contained in this table are
detailed in Chapter 4.

2555 P_INSP_REC Table

This table is populated as part of the SDOIP inspection. The fields contained in this table are
detailed in Chapter 4.

2.5.5.6 P_INSP_SUBRATINGS Table
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This table is populated as part of the SDOIP inspection. The fields contained in this table are
detailed in Chapter 4.

2.5.6 FLDSC_SITE Table

An illicit discharge screening inspection should be conducted at every major outfall and at
outfalls and structures where an illicit discharge is suspected. The fields contained in this
table are detailed in Chapter 5, Illicit Discharge Detection and Elimination Program (IDDE).

2.5.6.1 INSPECTION Table

This table is populated as part of the IDDE inspection. The fields contained in this table are
detailed in Chapter 5.

2.5.6.2 FLOW_CHAR Table

This table is populated as part of the IDDE inspection. The fields contained in this table are
detailed in Chapter 5.

2.5.7 SWMFAC Feature Class

Stormwater BMPs that receive SHA runoff are inventoried. SHA will supply the consultant
with a list of stormwater BMPs for a County and it is the Teams responsibility to identify
additional stormwater BMPs along SHA ROW. Stormwater BMP design plan sheets will be
supplied to the Team, and should be used as the source for the stormwater BMP inventory.

Stormwater BMPs that are inventoried include, but are not limited to, ponds, wetlands,
infiltration practices, and filtration practices. Stormwater BMPs are inventoried and recorded
in the SWMFAC feature class. Due to the large number of different types, sizes and shapes
of these facilities, the SWMFAC table entries are not as standardized as the storm drain
structure elements.

Facility Identifier (facility_id) — The facility identifier is a unique GUID value that provides
a link to other features and tables. This is a unique identifier that will auto-populate when
entering stormwater BMP features using the office and field editing application. Once this
value is populated, it will never be edited or changed.

SWM Facility Number (swm_fac_no) — This is a unique number, commonly referred to as
the ‘BMP Number’ by SHA. Proper stormwater BMP numbering convention is described in
more detail in Section 2.2.2. The following are guideline to follow when create a new BMP
number:
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e Stormwater BMP numbers will usually be present on the design plans sheets. If not,
the next available BMP number in sequence for the county should be used to identify
the stormwater BMP.

e Stormwater BMPs that are identified during the field inventory where no contract
plans are available will receive the next available BMP number in sequence for the
county.

e When a stormwater BMP is retrofitted or undergoes a significant enhancement, the
stormwater BMP number is not changed. The attributes for the stormwater BMP may
change enough that it will be necessary to create a new BMP feature in the SWMFAC
feature class. If a retrofit changes a stormwater BMP to the point where the attributed
data does not reflect the original design of the stormwater BMP, a new feature should
be created with the same stormwater BMP number as the original feature. In these
situations, the swm_fac_no will be duplicated in the feature class table. The
feat_status of the old BMP is then changed to RMV for removed, and all future
inspection should reflect the new BMP feature.

e |f a stormwater BMP is a combination facility (for example sand filters with extended
detention) then multiple records should be created to represent each asset of treatment
for the overall facility. In these cases, each asset of treatment will receive a
swm_fac_no value.

e Historically, the stormwater BMP number was a three (3)-digit unique number
preceded by the county code. Although all of the database records have been
migrated to the new format, historic documents may refer to this old numbering
structure. If this situation arises, a zero should be placed after the preceding county
code, making the number a four (4)-digit unique number preceded by the county
code.

SWM Facility Number Legacy (leg_swm_fac no) — This field stores the original
stormwater BMP number prior to 2007. The original numbering convention for a facility
was only five (5) digits, which may be referenced in reports, manuals, and other
documentation. If the stormwater BMP is a new stormwater BMP, and a new swm_fac_no is
assigned, the new number is copied into the leg_swm_fac_no.

Environmental Compliance Owned BMP (ec_bmp) — This field uses 1(Yes) or 2(No)
D_BOOLEANVALUES to identify if the BMP is maintained by SHA’s Environmental
Compliance Division. These stormwater BMPs are not inspected with the MS4 inspections
but are still stored in the database.

SWM Facility Number Other (swm_fac_no_other) — If a stormwater BMP is jointly owned
or is a private facility, the identification number for the stormwater BMP of the other owner
is stored in this field.

Contract Identifier (contract _id) — The contract identifier serves as a link between the
SWMFAC feature and the CONTRACT table. Enter the contract_id corresponding to the
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contract under which the stormwater BMP was constructed or modified. When using the
editing applications, the existing contract numbers for a feature will be selected based on the
cntrct_plan field in the CONTRACT table, and the contract_id field will auto-populate in the
SWMFAC table.

The contract_id and plandate fields are dependent on one another. The following are
guidelines to follow when populating the contract_id and plandate fields.

e A storm drain feature is assigned the contract_id and plandate under which it was
built or modified.

e |f a stormwater BMP appears on a contract drawing as existing, and no earlier plans
show the original design of that feature, the contract_id is the contract number of the
plans showing the feature as existing, and the plandate is recorded as 9999.

e |If a stormwater BMP is shown as existing on two sets of plans, and the original
design plans are unavailable, use the contract_id of the older existing plan set, and the
plandate is recorded as 9999.

e If no plans exist for a feature, then contract_id is left blank, and plandate is recorded
as 9999.

Facility Designation (designation) — The facility designation describes the category of the
stormwater BMP used in the facility (pond, infiltration, etc.) and uses values from the
D_DESIGNATION domain. Plans should be used to identify the stormwater BMP type, but
then verified in the field. The consultant should be familiar with stormwater BMP design
and types as referenced in the SHA Book of Standard for Highway and Incidental Structures.

Designation Subcategory (design_sub) — The facility designation subcategory is a more
detailed description of the facility designation (wet pond, shallow marsh, etc.) and uses
values from the D_DESG_SUBCATEGORY domain. Plans should be used to identify the
stormwater BMP type, but then verified in the field. The consultant should be familiar with
BMP design and types as referenced in the SHA Book of Standard for Highway and
Incidental Structures.

In-Stream (in-stream) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES to identify
if the stormwater BMP is constructed within Waters of the U.S. GIS coverage (stream
coverage) and other mapping can be used to determine if a stormwater BMP was designed
in-stream.

Appurtanence Comments (com_appurt) — This field records a description of additional
treatment or features such as SWM ponds that have infiltration treatment. This field can also
describe features that have been added or removed that may impact the performance of the
facility. The inspector must be cognizant of entries in this field when inspecting a
stormwater BMP. Should the modifications to the BMP be significant, it should be
considered a new stormwater BMP and a new feature created with the old feature classified
as removed as per the description under swm_fac_no.
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MDE Number (mde_no) — This field refers to the MDE permit number assigned to a project
when the facility was designed. The MDE number is required on the contract set and should
be filled in when available.

Vicinity Map Coordinate (vic_bmp) — The location of the BMP is recorded here based upon
an ADC map book. The format of the field should be (map, grid, year), where year is the
year of the ADC book. For example: 12,F11,1996. As of 2008, ADC created a new grid
system for their maps, which should be used when possible. This new grid system is a four
(4)-digit map number with sub grid, and should be entered as 4095,A3,2008. The
geodatabase will not allow a “null” value for this field.

Legacy Vicinity Map Coordinate (leg_vic_bmp) — As of 2008 ADC has changed their map
grid system. The legacy coordinate is recorded here since it may be referenced in reports,
manual, and other documentation. For new features, the vic_bmp record should be copied to
the leg_vic_bmp field. The geodatabase will not allow a “null” value for this field.

Site Description (loc_bmp) — This field records a description of the site with the nearest
cross street(s). It should represent the location of the access gate or road. Access to a
stormwater BMP is important and it should be indicate here as well if there is an easier way
to access the facility. The site description should be clear enough so that anyone attempting
to visit the facility can find and access the facility trouble free. A good description will also
save time when trying to find the facility during future inspection and maintenance activities.
The geodatabase will not allow a “null” value for this field.

Road Name (road_name) — This field contains the SHA route number that the BMP is
located along. If the BMP is not near an SHA roadway, then the name of the road adjacent to
the facility should be recorded in this field. For example: MD 32. The geodatabase will not
allow a “null” value for this field.

Owner ldentification (owner_id) — The owner identifier serves as a link between the
STRUCTURE feature and the OWNER table. Enter the owner_id corresponding to the
organization that owns and maintains the storm drain feature. When using the editing
applications, the owner of a feature will be selected from the org _namel field in the
OWNER table, and the owner_id field will auto-populate in the SWMFAC table. Section
2.3.12 describes the OWNER table and fields.

Fence Material (fence_mat) — This field records the material that the fence is constructed of
and uses values from the D_FENCE domain. When a fence is constructed of multiple
materials, select the material that the fence is predominantly constructed of. If there is no
fence, a value of zero is recorded. This material type should be verified in the field.

Dam Height (dam_height) — This field records the height of the embankment (feet), which is
measured from the invert of the principle spillway outfall to the crest of the embankment as
shown in Figure 2.15 by dimension H1. In the case of an excavated pond, or if the outfall is
far removed from the embankment, the dam height is measure from the pond bottom to the
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crest of the embankment as shown by dimension H2. Plans should be used to identify the
dam height, but then verified in the field.

T

1
H, I
S i
B |
- L

Figure 2.15 - Dam Height Measurement

Seepage Control (seep_cont) — The seepage control field uses 1(Yes) or 2(No)
D_BOOLEANVALUES fields to indicate if the barrel was designed with an anti-seep collar
or other seepage control measure. Plans should be used to identify this feature.

Observation Well (ob_well) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES
fields to identify the presence or absence of an observation well. Plans should be used to
identify this feature, but then verified in the field. Observation wells can be associated with
any type of BMP and should be distinguished from clean out wells.

Trench Depth (trch_dep) — The depth of the infiltration trench should be recorded here to
the nearest tenth of a foot. Trench depths should be determined from contract drawings, but
every effort should be made to confirm the depths in the field by removing well caps. Cutting
the lock or well cap is approved by SHA, but should be noted in the com_overal field in the
SWMFAC feature class.

Be aware that some observation wells extend above the top of grade, and this extension
should not be included in the depth measurement. This measurement is the depth of the
trench and not the observation well, although most times the observation well is equivalent.
Where multiple wells are located in a single stormwater BMP, measurement of the
downstream well is sufficient.

Trench Width (trch_wdth) — This field records the width of only infiltration trenches in feet.
Plans should be used to identify this feature, but then verified in the field. If plans are not
available, then an accurate measurement should be taken in the field.

Trench Length (trch_In) — This field records the length of only infiltration trenches in feet.
Plans should be used to identify this feature, but then verified in the field. If plans are not
available, then an accurate measurement should be taken in the field.
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Hazardous Classification (haz_class) — This field records the Soil Conservation Service-
Maryland Department of Natural Resources hazard classification for the embankment, if an
embankment exists, as it appears on plans. This field uses values form the D_HAZ_CLASS
domain. The domain includes values for low hazard (A), significant hazard (B), and high
hazard (C) for the hazard class, if it is identified on the contract drawings. If no hazard class
is shown but the facility is a MD-378 pond, enter “MD-378" from the domain list.
Otherwise, this field receives a “NULL” value. See the NCRS-MD Code No. 378 Pond
Standards and Specification manual for requirements on what constitutes a MD-378 pond.

Overall Comments (com_overal) — Additional information and comments related to the
inventory of a BMP should be recorded here. This field is only used to describe unique
situations and clarify the response given in the other fields if necessary. It allows 120
characters.

1-Year Peak Discharge (q_1yr) — This field records the one-year peak discharge out of the
facility, in cfs as it appears on plans. If the stormwater BMP was designed for this peak
discharge or this information is not available, the value is left blank.

2-Year Peak Discharge (q_2yr) — This field records the two-year peak discharge out of the
facility, in cfs as it appears on plans. If the stormwater BMP was designed for this peak
discharge or this information is not available, the value is left blank.

10-Year Peak Discharge (q_10yr) — This field records the 10-year peak discharge out of the
facility, in cfs as it appears on plans. If the stormwater BMP was designed for this peak
discharge or this information is not available, the value is left blank.

100-Year Peak Discharge (q_100yr) — This field records the 100-year peak discharge out of
the facility, in cfs as it appears on plans. If the stormwater BMP was designed for this peak
discharge or this information is not available, the value is left blank.

Plan Date (plandate) — Refer to Contract Identifier (contract_id) description above.

Feature Status (feat_status) — The field describes the status of the feature and is populated
with values from the D_FEAT_STATU_BMP domain. This field should be verified in the
field. The geodatabase will not allow a “null” value for this field. The following are
guidelines to follow when entering a feature status value:

e If a stormwater BMP appears on the plans, but cannot be accessed in the field, then the
feat_status for that structure is EXIST, and comments should be provided similar to that
describe the why the stormwater BMP could not be accessed.

e All stormwater BMPs located from contract drawings should be included and inventoried
in the geodatabase regardless of the features status.

e The domain includes the following values:
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- Existing — Existing BPM in active use. The information may be incomplete for
existing features and is completed when older plans (showing the data) are examined.
Pending retrofits are flagged as existing features, and only the existing data is entered.
Proposed retrofit data is not entered, until field verified.

- Abandoned - Existing BMP no longer in use. The database information should be
completed.

- Proposed - Facility shown on contract drawings that have not been constructed yet.
For proposed facilities, attribute data is collected from the contract set if the structures
have not been built yet. The shape of the stormwater BMP should be generated from
the contract drawings.

- Unable to Verify — Facility thought to exist, but unable to be field-verified due to
inaccessibility or other issues. The required geodatabase information should be
completed based on the obtained contract drawings. The shape of the BMP should be
generated from the contract drawings or from orthophotos.

- Not Built — Facility shown on design plans that was not built during construction, or
the contract drawings were never executed. A feature should still be recorded in the
SWMFAC feature class so that the stormwater BMP contract plans are not pulled
again during future inventories. The shape of the stormwater BMP should be
generated from the contract drawings. The required geodatabase information should
be completed based on the obtained contract drawings.

- Removed - Facility was constructed, but was removed under a subsequent contract.
The required geodatabase information should be completed based on the contract it
was originally constructed under, or the most recent data available. The shape of the
BMP should be generated from the contract drawings.

Note: “Removed” and “Not Built” stormwater BMPs should only be inventoried if they have
been assigned a stormwater BMP number. Removed stormwater BMPs with no stormwater
BMP number should not be inventoried, but the plans should be forwarded to SHA.

Date Abandoned (dateabandoned) — The year the facility was abandoned should be
recorded here. This will usually correspond to the plan date on a newer contract set showing
the abandonment. If the structure is not abandoned, this field is left blank.

Metadata Identification (meta_id) — This value is the same as in the META_INFO table
described in Section 2.3.11, and provides the link between the structure feature and the
metadata. A new metadata record should be created for each day an inventory is conducted.
The geodatabase will not allow a “null” value for this field.

4 Miles of Airport (4mi_Vicinity airport) — This field uses 1(Yes) or 2(No)
D_BOOLEANVALUES to indicate if the stormwater BMP is located within four miles of an
airport. Stormwater BMPs within this zone must not have a permanent pool. A shapefile,
available from SHA, should be used to identify stormwater BMPs within four miles of a
stormwater BMP.
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2.5.7.1 BMP_INSPECTION Table

A BMP inspection is required for all stormwater BMPs that SHA maintains. Several tables
are associated with the BMP inspections and are detailed in Chapter 3, Best Management
Practices.

2.5.7.2 BMP_CENTROID Feature Class

The BMP_CENTROID feature class stores the coordinates of the stormwater BMP centroid.
This feature should be auto-generated through GIS tools outside of the editing applications
and then merged into the geodatabase. Refer to Chapter 6 for a more detailed description on
how to merge centroids into the geodatabase.

Facility Identifier (facility_id) — The facility identifier is a unique GUID value that provides
a link to the SWMFAC feature class. These values should be auto-generated when the
centroids are created from the SWMFAC feature class. The geodatabase will not allow a
“null” value for this field.

2.5.8 DRAINAGE_SWMFACILITY Feature Class

This feature class is used to depict the treatment areas to stormwater BMPs. The treatment
area is a polygon feature that includes the drainage being directly treated by a stormwater
BMP. Treatment area polygon features should not overlap each other, but represent only the
drainage being treated. The purpose is to not account for treated drainage multiple times in
the treatment area polygon feature. The editing application does not allow for treatment area
delineation. Instead, treatment areas should be delineated using basic GIS tools and imported
into the master geodatabase. Refer to Chapter 6 for a more detailed description on how to
merge drainage areas into the geodatabse.

Topographic contour line coverage should be used when delineating treatment areas. Base
map topography, the storm drain network, and field observations are utilized to delineate
treatment areas to stormwater BMPs.

If accurate topography is unavailable, then these areas should be field verified. Other source
data that will aid in delineating treatment areas include: orthophotos, roadway edges,
buildings, county storm drain coverage, and stormwater management design reports. This
information is available through SHA.
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Figure 2.16 and 2.17 are an example of treatment areas delineated for stormwater BMPs.

Figure 2.16 — Treatment Area Example 1
Treatment area for two infiltration trenches in series

Drainage Areas

®  Storm Drain Structure
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Figure 2.17 — Treatment Area Example 2
Treatment area for two BMPs in series
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The editing application does not allow for treatment area delineation. Instead, treatment
areas should be delineated using basic GIS tools and imported into the master geodatabase.
Refer to Chapter 6 for a more detailed description on how to merge treatment areas into the
geodatabase.

Facility ID (facility_id) — The facility identifier is a unique GUID value that provides a link
to the SWMFAC table. When a stormwater BMP has a treatment area, the facility_id is
carried over and populated in this field. Since the editing application is not used to delineate
treatment areas, the user should populate the facility id properly per treatment area feature.
The geodatabase will not allow a “null” value for this field.

Treatment Area (treatment_area) — This value represents the drainage that a facility and no
other stormwater BMP is treating in acres. When stormwater BMPs are in a series, the
treatment areas can be summed to get the overall drainage area.

259 FILE_ATTACH_SWM and FILE_ATTACH_STR Tables

The FILE_ATTACH tables link digital files of features obtained during the field screening,
inspections of structures, and inspections of the stormwater BMPs. These documents can be
photographs, Excel files, Word documents, or .pdfs. All documentation other than
photographs should be submitted in .pdf format, unless otherwise notified by SHA.

The most efficient and manageable digital photograph format is JPEG (aka .jpg). This
format can be generated by most digital cameras and is read by most computer applications.
Care must be taken to balance image quality (i.e. low, medium, high resolution) with file
size. The lowest resolution should be used that is still sufficient to clearly view the subject.
File sizes should be under 2 MB.

Photographs are taken at every major outfall and/or illicit discharge screening. The
photograph is an attempt to provide an overall view of the site and also any site conditions
associated with the field screening. If possible, the photograph position should be directly
downstream of the outfall in an attempt to capture the outfall structure and the receiving
drainage way.

SHA requires multiple images be captured for stormwater BMPs to document site conditions.
Where possible, the photographs should be comprehensive to reflect the inspection results
and include relevant information relating to the stormwater BMPs performance. Photographs
to be included with the inspection include: overall of stormwater BMP, inflows into the
stormwater BMP, the stormwater BMP outfall, control structure/riser, emergency spillway,
and observation wells. Photographs of maintenance issues should also be taken and recorded
in the geodatabaseThe consultants should make every attempt to capture photographs in the
same location as past inspections. If necessary, the photograph location can be described in
the comments field in the corresponding table.

Field photographs should be labeled with the date and a description including the structure or
stormwater BMP number. This label should be imbedded within the image. If a digital
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camera is not available, a conventional camera may be processed digitally, or the hard copy
scanned into a digital image. The labeling on the photograph can be created with any
photograph imaging software. Refer to Figure 2.18 for an example of photograph labeling.

Figure 2.18 - Example of Photo Labeling

Inspection Identifier (inspect_id) — The inspection identifier is a unique GUID value that
provides a link from the FILE_ATTACH_STR table to the INSPECTION table. This field
links the images to the INSPECTION table (described in Chapter 5). When an image record
is added to the FILE_ATTACH_STR, this value is auto-populated by the editing application.
There can be multiple images per inspection. In order to associate an image with a structure,
the proper tables must be completed, including the FLDSC_SITE and INSPECTION table.
The geodatabase will not allow a “null” value for this field.

The FILE_ATTACH_STR table only stores images related to the major outfall and illicit
discharge inspections. Images of damaged structures, hazards, or issues that the field team
finds necessary to report to SHA should only be included in a report to SHA.

BMP Inspection Identifier (bmp_inspect_id) — The stormwater BMP inspection identifier is
a unique GUID value that provides a link from the FILE_ATTACH_SWM table to the
BMP_INSPECTION table. This field links the images to the BMP_INSPECTION table
(described in Chapter 3). When an image record is added to the FILE_ ATTACH_SWM, this
value is auto-populated by the editing application. There can be multiple images per
inspection. In order to associate an image with a BMP, a record must be included in the
BMP_INSPECTION table. The geodatabase will not allow a “null” value for this field.

File Name (filename) — This is the standard filename of the photograph taken during the
inspection. The filenames of the photograph and other associated documents should consist
of the sha_str_no or swm_fac_no (depending on table) followed by a descriptor and then the
date using YYYYMMDD format. For example, stormwater BMP #150306 would have a
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photograph of an inflow named 150306-inf-20060218.jpg, if a photograph was taken
February 18, 2006. Leading zeros for representing county codes should not be dropped. The
different segments of the file name must be separated by a dash (-) from all other part of the
filename.  For example, if a stormwater BMP has multiple inflows the proper naming
convention for each inflow would be the following: 150325-inf-a-200060218.jpg and
150325-inf-b-200060218.jpg. Naming conventions have been standardized as shown in
Table 2.5.

Table 2.5 — Standard Photo Naming Conventions

| Subject __ NamingStandard

Riser 012345-RIS-date.jpg

Outfall -OUT-date.jpg

Inflow -INF-a-date.jpg
-INF-b-date.jpg

Emergency Spillway -ES-date.jpg

Embankment -EMB-date

Overall -012345-date.jpg — *no type necessary
-012345-a,b,c-date.jpg

Erosion -ERO-date.jpg

Low Flow Orifice -LOWFLOW-date.jpg

Control Structure -CS-date.jpg (used when the CS is a HW, ES, IN, or
PP, etc.

Weir -WEIR-date.jpg

Fence -FEN-date.jpg

Hazards -HAZ-date.jpg

Evidence Blocked -HAB-date.jpg

Access of Habitation -ACC-date.jpg

Major Outfalls 1234567.001-date.jpg

Illicit Discharges 1234567.001-ILL-date.jpg

Other — Maintenance 1234567.001-OTHER-a,b,c-date.jpg; 012345-OTHER-

ltems Jpg

When adding photos to an inspection record using the editing application, this filename
format will be selected from lists of standard naming convention segments, and the filename
field will be auto-populated from these selections. Refer to Chapter 6 for a more detailed
description  of adding  documentation to the FILE_ATTACH_STR and
FILE_ATTACH_SWM. The geodatabase will not allow a “null” value for this field.

Comments (comments) — Comments are used for any additional information about the
photograph or documentation. The field allows 255 characters and should be used liberally.
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Information such as structure type or condition (buried, heavy vegetation, etc.) should be
added here. These comments are useful when the structure cannot be seen in the photo
because it is covered with heavy vegetation, buried, submerged, etc. Comments also assist in
accessing maintenance actions.

2.5.10FILE_SCAN Table

The FILE_SCAN table contains the filenames of the contract drawings or other scanned
documents for stormwater BMPs. The most efficient format is TIFF (aka .tif) imagery. SHA
will supply all scanned contract drawing relating to the stormwater BMP design and function
in digital format to the consultant for the BMPs SHA owns and maintains. All scans should
be grouped by contract number and stormwater BMP number, and compiled into the
following folder structure shown in Figure 2.19. If a scan does not have the swm_fac_no
label, then the swm_fac_no label should be written onto the scan, then re-scanned and stored
in the FILE_SCAN table. The folder format is route number, contract number, stormwater
BMP number. There are times when a title sheet or detail sheet might reflect two stormwater
BMPs under the same contract. For these situations, the sheet does not need to be duplicated
in multiple stormwater BMP number folders, but simply fall under the contract folder. All
scanned files should be delivered to SHA in this folder structure format.

* MName
® ) 1270 ~| [®]Detail 3.4
® D 1-270v ~ [ ®]Detail 4.4f
5 1-370 =] Grading 11.tf
®E ) 1495 :ﬂ Insp Check List. tif
® ) MD 27
® ) MD 28
2 CyMpe7

F I2) M 376-509-371
E I3 M 636-501-375
= ) MO3645174
[y BMP 15228
[ BMP 15362
E I3 MO7105178
E [y MO8255171
® I MD 107
| I3 MD 108
[ MD 115
) MD 117
] I MD 118
I MD 119
E ) MD 124

B B

1 ® B

|

F

Figure 2.19 — Folder Structure Example for Scans
Example of folder structure for scanned contract plan sheets for BMPs

Facility Identifier (facility_id) — The facility identifier is a unique GUID value that provides
a link to the SWMFAC feature class. The editing applications will allow the user to select
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the scanned documents and will auto-generate this value in the FILE_SCAN table. The
geodatabase will not allow a “null” value for this field.

Contract Identifier (contract_id) — The contract identifier serves as a link between the
FILE_SCAN and the CONTRACT tables. Enter the contract id corresponding to the
scanned image. When using the editing applications, the user can select from a list of
contract numbers from the CONTRACT table, and the contract_id field will auto-populate in
the FILE_SCAN table. The geodatabase will not allow a “null” value for this field.

File Name (filename) — This field contains the full filename and subdirectory paths
containing the scanned image. Image files are typically .tiff images. The directory path for
stormwater BMP drawings would consist of a directory for route number, a subdirectory for
the contract number, and a subdirectory for the BMP number. For Route 650 in Montgomery
County, this would read “\MD650\529-501-371\BMP 15330\[filename].” This directory will
contain all of the .tiff images associated with that BMP. The contract number folder will
store related contract sheets for BMPs designed under the same contract. These sheets may
include the title sheets, vicinity maps, and index sheets relating to the contract set. The
geodatabase will not allow a “null” value for this field.

Documents related to access permits will also be scanned and related via this table. The
filename of the scan should be the hydraulic file number that is included on all access permit
files with a sequential suffix indicating the order in which the files are created. Therefore, a
letter for the recommended approval of access permit 05-AP-AA-006 would be saved as 05-
AP-AA-006_01.pdf. Unlike the scanned contract documents, the file path is not required in
the case of access permits and should be stored in a common folder called
“Access_Permits_[CountyName].

Comments (comments) — Comments are used for any additional information about a
FILE_SCAN record. The field allows 120 characters, and should be used liberally.

2.5.11META_INFO Table

The purpose of the META_INFO table is to keep track of information regarding the creation
and updating of the data. The META_INFO table records metadata about each structure,
pipe, and SWMF. Multiple features can and will have the same META_INFO record.

Metadata lIdentifier (meta_id) — The metadata identifier is a unique GUID value that
provides a link to the STRUCTURES, CONVEYANCE, and SWMFAC feature classes. The
editing applications will auto-generate this value as new metadata records are created. The
geodatabase will not allow a “null” value for this field.

Datacreate (datecreate) — This field should be populated when the feature is created. Each
feature only needs one META_INFO record, which should represent the date the feature was
created spatially, and not when the associated data about the feature was entered. If an
existing feature in the geodatabase is updated, then the feature should receive a new
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META_INFO record with the appropriate date. The geodatabase will not allow a “null”
value for this field.

Creator (creator) — Name of the individual, consultant, or office that created the data.
Abbreviations should be used when necessary. For example, State Highway Administration
should be recorded as SHA. The geodatabase will not allow a “null” value for this field.

Information Base (info_base) — This field records the source of the spatial feature, whether
it is existing, as-built, design information, or field located, and uses values from the
D_INFO_BASE domain. The geodatabase will not allow a “null” value for this field.

Definitions of the D_INFO_BASE values are as follows:

e GPS - spatial representation of a feature was generated in the field using a GPS
device

e As-built — spatial representation of a feature was generated using as_built contract
drawings, and digitized into the geodatabase. These features can include structures
that could not be located, could not be accessed, buried, covered with vegetation,
paved, guarded by dog, etc.

e Design — spatial representation of a feature was generated using contract drawings,
and digitized into the geodatabase.. These features can include structures that could
not be located, could not be accessed, buried, covered with vegetation, paved,
guarded by dog, etc. Most pipes will have an info_base of design or As-built, unless
contract plans are not available. See note below for more details on assigning
INFO_BASE value to pipes.

o Field — spatial representation of a feature cannot be accessed and surveyed in the field
using GPS, but there is evidence that the structure exists. Evidence of features in the
field might be a drainage ditch, sump area, erosion, cracked pavement around
manhole lid, etc.

e Aerial — spatial representation of a feature cannot be accessed and surveyed in the
field using GPS, but the location is determined from orthophotos. Sometimes it is
possible to see surface structures and BMPs on orthophotos. This might be a
common occurrence in medians of heavily trafficked highways.

Note: Storm drain structures and BMPs should be surveyed using GPS where possible.
When the ends of a pipe are surveyed using GPS, but most of the data for the location,
inverts, type, etc. of the pipe are obtained from the as-builts, “as-built” should be entered into
this field. If simply design plans are used, then “design” should be entered. The justification
for this is that the plans identify the connectivity of the pipe, illustrate that there are no
underground connections (junction boxes), and provide the basic information on the type,
slope, and inverts. Thus, the plans provide more detailed information for this pipe than could
be determined through GPS alone. Pipes that are created from field observations where no
plans are available should received an info_base value of “field”.

Parent Metadata Identifier (parent_meta_id) — This field contains the meta_id from the last
revision, which allows for tracking of data modification. If a structure or stormwater BMP is
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changed in any fashion, then a new meta_id record is assigned to that feature. The original
meta_id value for that feature should be entered in the parent_meta_id of the newly assigned
meta_id to keep an historic record of how the feature was originally created.

2.5.120WNER Table

The purpose of this table is to store contact information for the owners of the stormwater
infrastructure. It is assumed that SHA owns and maintains all storm drain features in the
geodatabase unless otherwise noted by the owner _id field. If the consultant determines that a
particular feature belongs to another entity, the feature should be recorded in the geodatabase
and the owner information documented accordingly. The editing application will allow the
user to select the owner based on the org_naml field in the OWNER table.

SHA understands that it may be impossible to gather all the information in the owner table,
but as a minimum SHA requires that the owner_code and org_nam1 field be populated. The
remaining owner information can be obtained with the help of SHA.

Unique Owner ldentifier (owner_id) — The owner identifier is a unique GUID value that
provides a link to the STRUCTURES and SWMFAC feature classes and the AGREEMENT
table. Some standard values have been pre-populated within this table. The consultant
should review these standard values before creating another OWNER record. The editing
applications will auto-generate this value as new owner records are created. The geodatabase
will not allow a “null”” value for this field.

Owner Code (owner_code) — This code describes the owner of the feature and uses values
from the D_OWNER domain. These values include SHA, joint-use, private, public, and
unknown ownership. The geodatabase will not allow a “null”” value for this field.

Organization Name 1 (org_naml) — This field documents the organization name that owns
and maintains the feature such as Howard County.

Organization Name 2 (org_nam2) — This is a second field for organization name such as
Department of Public Works.

Contact Name (contact nam) —The name of individual at the organization who is
responsible for the stormwater BMP should be recorded here.

Street Address 1 (streetl) — The street address for the contact_nam should be recorded here.

Street Address 2 (street2) — This field provides an additional street address for the
contact_nam, such as a suite or building number..

City (city) — The city for contact_nam should be recorded here.
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State (State) — This field records the state for contact_nam.
Zip Code (zip) — This field records the zip code for contact_nam.

Contact Phone Number (phonel) — The phone number of contact person at owner
organization should be recorded here.

Alternate Contact Phone Number (phone2) — An alternate phone number of contact person
at owner organization can be recorded here.

Fax Number (fax) — The fax number of contact person at owner organization should be
recorded in this field.

Email (email) — The e-mail address of contact person at owner organization should be
recorded here.

Web (web) — The Web URL of owner organization should be recorded here.

Comments (comments) — This field will document additional comments about the owner
organization, and allows for 120 characters.

2.5.13AGREEMENT Table

The purpose of this table is to store entry and maintenance agreements for storm drain
infrastructure. This table will be populated by SHA and is not the consultant’s responsibility.
The consultant will refer to this table and select the agreement record, if an entry or
maintenance agreement exists for a feature. The editing application will allow the user to
select the agreement record based on the owner information.

Unique Owner Identifier (owner_id) — The owner identifier is a unique GUID value that
provides a link between the AGREEMENT and the STRUCTURE and SWMFAC feature
classes and the OWNER table. Some standard values have been pre-populated within this
table. The consultant should review these standard values before creating another OWNER
record. The editing applications will auto-generate this value as new owner records are
created. The geodatabase will not allow a “null” value for this field.

Unique Agreement Identifier (agree_id) — The agreement identifier is a unique GUID value
that provides a link between the AGREEMENT and the FILE_ATTACH_AGREE table.
The editing applications will auto-generate this value as new agreement records are created.
The geodatabase will not allow a “null” value for this field.

Agreement Type (agreement_type) — This field describes the agreement type and uses
values from the D_AGREE_TYPE domain. The agreement will either be a maintenance or
entry agreement. The geodatabase will not allow a “null” value for this field.
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Agreement Expiration Date (agree_exp_date) — This field documents the date the
agreement expires in format DD/MM/YYYY. If a date is unavailable, the value is left blank.

Agreement Comments (agree_com) — This field contains additional comments about the
agreement and allows for 120 characters.

2.5.14FILE_ATTACH_AGREE Table

The purpose of this table is to store a record for the agreement scan. Each agreement should
be scanned and stored as a .tiff image. There can be multiple scanned records per
AGREEMENT record.

Unique Agreement Identifier (agree_id) — The agreement identifier is a unique GUID value
that provides a link between the AGREEMENT and the FILE_ ATTACH_AGREE table.
The editing applications will auto-generate this value as agreement scans are selected for an
AGREEMENT record. The geodatabase will not allow a “null” value for this field.

File Name (filename) — This is the filename of the agreement scan. The filename for the
agreement consists of the swm_fac_no or sha_str_no followed by the private entity name,
followed by the date in YYYYMMDD format. For example, BMP #150306 on WalMart
property would be named 150306_Walmart_20060218.tif, if the document was received
February 18, 2006. All files in this table should be stored in a folder named
“File_Attach_Agree”

Comments (comments) — Comments are used for any additional information about the
maintenance or entry agreement. The field allows 120 characters and should be used
liberally.
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Chapter 5
lllicit Discharge Detection

and Elimination

5.1 INTRODUCTION

The Hllicit Discharge Detection and Elimination (IDDE) procedures are developed as a guide
for performing illicit discharge inspections on storm drain outfalls for the Maryland State
Highway Administration (SHA). Illicit discharge inspections are performed as part of the
SHA National Pollutant Discharge Elimination System (NPDES) permit.

The discharge of stormwater containing pollutants, which have not been reduced to the
maximum extent practicable, is prohibited.

An IDDE inspection should be performed at major outfall locations. Major outfalls are storm
drain systems that outfall through 36-inch diameter (or equivalent cross-sectional area) or
greater conveyance structures or open systems that drain greater than 50 acres. For industrial
uses or designated hot spots, the major outfall is defined as 12-inch diameter (or equivalent
cross-sectional area) conveyance structures or open systems that drain greater than two (2)
acres. Cross culverts and driveway culverts are not considered major outfalls unless closed
storm drain discharge into them.

In the past, inspections have been performed on major outfalls that discharged into Waters of
the U.S. or NPDES outfall. The term NPDES outfall has prompted much discussion of
meaning and confusion amount inspector, so SHA now requires an IDDE inspection be
performed on any outfall pipe that is 36-inches or greater. The purpose of the IDDE
inspection is to identify impaired flows entering Waters of the U.S. SHA assumes that all
pipes 36-inches or greater eventually discharge into Waters of the U.S. Based on this
assumption all major outfalls will be evaluated for illicit discharge.

5.1.1 lllicit Discharge

The EPA defines an illicit discharge as any discharge from a storm drain pipe to a Municipal
Separate Storm Sewer System (MS4) that is not entirely composed of stormwater, except
those allowed in conjunction with an NPDES permit or resulting from fire fighting activities.
The Center for Watershed Protection defines an illicit discharge as a discharge from a storm
drain that has measurable flow during dry weather (48 hours of dry time) that contains
pollutants or pathogens.
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There are different types of dry weather discharge that can affect Waters of the U.S.

Sewage flows from sewer pipes or septic systems

Wash water flows from laundry wastewater, commercial car washes, fleet washing,
floor washing that drains to shop drains, and swimming pool drainage

Liquid waste flows such as oil, paint, radiator flushing, and plating wastewater;

Tap water flows from leaks in the water supply system

Landscape irrigation flows from excess water used for residential and commercial
irrigation needs

Groundwater and spring water flows from high water table levels, cracks, and seeps
in geology

Discharges from the following are not be considered a source of pollutants or illicit discharge
when properly managed:

5.2

Water line flushing

Landscape irrigation

Diverted stream flows

Rising groundwaters

Uncontaminated groundwater infiltration to separate storm sewers
Uncontaminated pumped groundwater
Discharge from potable water sources
Foundation drains

Air conditioning condensation

Irrigation waters

Springs

Footing drains

Lawn watering

Individual residential car washing

Flows from riparian habitats and wetlands
De-chlorinated swimming pool discharges
Street wash water

Fire fighting activities

IDDE SAMPLE LOCATIONS

Ilicit discharge and dry weather screening should be performed on the downstream most
structure of a system for pipes that are 36-inches or greater. SHA requires that all major
outfalls be inspected and screened if an illicit discharge is present anywhere in the system.
If the SHA system ends in a closed storm drain structure and the pipe entering the structure is
36-inches or greater, then the IDDE inspection should be performed at this structure. SHA
also requires that an outfall screening be performed on any outfall that has a suspected illicit
discharge, regardless of the pipe size. Research has shown that greater than 50 percent of
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illicit discharge flows are from pipes that are less than 36 inches in diameter. These pipes
would not be classified as a major outfall by SHA, but should still be identified and screened.

In some circumstances, a storm drain will discharge into a cross culvert. If the cross culvert
is greater than or equal to five (5) feet in height, the culvert is considered accessible. In this
case, the connection between the storm drain pipe and the culvert would be the outfall. This
connection could be a pipe connection to the culvert, or a manhole, inlet, or junction box that
drops directly into a culvert.

Safety is always the primary consideration. If the cross culvert conveys an active stream, is
excessively long, or posses other hazards as defined by confined space entry guidelines, the
culvert should not be entered. It may be necessary to collect a dry weather flow sample from
inlets or manholes upstream of the connection to the culvert.

If the cross culvert is less than five (5) feet in height, the culvert is considered inaccessible,
and the downstream end of the culvert is considered the outfall. In this case, the cross culvert
should be inventoried with the storm drain system as described in Chapter 2. The upstream
structures should be investigated for dry weather flow, and a sample should be taken from
upstream structures and not the culvert outfall if possible; especially if the culvert conveys a
stream. If the upstream structures are not accessible, a sample should be analyzed from the
culvert outfall.

Figure 5.1 and 5.2 help identify where to perform an IDDE screening and inspection.

P Tl I | 5STUDY
(L | POINT |

e

STUDY POINT
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Figure 5.1 — The image on the right shows a storm drain system discharging into a
culvert that is less than 5 feet in height. This culvert is considered inaccessible and
a screening may need to be performed at the downstream end of the culvert. The
image on the left show a storm drain system discharging into a pipe that is greater
than 5 feet in height which would not be included in the inventory. Instead the pipe
connection to the culvert would be considered the major outfall, and a screening
performed on the pipe connection. If the pipe connection is inaccessible, then a
screening should be performed on the next upstream structures.

Cross culverts of any size pipe are not considered major outfalls. If a system outfalls, then
flows into a cross culvert, then the main system outfall would be the sampling location. If a
sample is collected at another structure other than the most downstream outfall, that structure
ID should be noted in the sample_str_id field in the INSPECTION table as described later.
The third example in Figure 5.2 is an example of this situation. The 54 inch pipe outfall
would be the major outfall, but a sample should be taken where the closed storm drain
outfalls. Figure 5.2 describes the structure location where an IDDE screening should take
place.

A. The system is two cross culverts and would not be considered a major outfall. No
screening is necessary unless an illicit discharge is suspected

B. The system is two cross culverts and would not be considered a major outfall, regardless
of the pipe size. No screening is necessary unless an illicit discharge is suspected

C. The closed storm drain flows into a cross culvert that is greater than 36 inches making the
downstream end of the culvert a major outfall. Since the downstream structure is a culvert,
the IDDE screening should take place at the outfall from the closed storm drain system

D. The upstream system discharges into an inlet that discharges through a 36 inch pipe,
forming on continuous system. The IDDE screening should take place at the most
downstream outfall.

E. The closed storm drain flows into a stream but is not a major outfall. An IDDE
screening is only performed if an illicit discharge is suspected
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Figure 5.2 — Screening Location Examples

Outfalls from BMPs can be considered major outfalls. Outfalls into BMPs can also be
considered major outfalls if the pipe cross-sectional area of the outfall pipe is greater than or
equal to 1018 in.

In addition to the illicit discharge screening, physical inspections of the outfalls should be
performed. Ratings of the outfall structure, culvert (pipe), and downstream water course are
conducted in the field. Ratings and screening information can be captured using the field
application, on paper, or a combination of the two, depending on the capabilities of the team
performing the inspection.

5.2.1 Hot Spots

Although the impetus for the inspection protocol is major outfalls, this procedure can be
followed for any outfalls deemed necessary by SHA such as hot spots. Hot spots are areas
where there is an existing concern about pollutant discharge.

Hot spots are defined by SHA or the local county government as areas where there are
concerns about possible illicit discharges and/or outfall damage. These are often identified
by county stormwater divisions, based on citizen complaints. The local county government
stormwater entity should be contacted and informed of the plan to inspect SHA-owned major
NPDES outfalls. The consultant should offer to inspect known hot-spot areas adjacent to
SHA-owned property. Storm drain outfalls/systems classified as hot spots should be
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included in the NPDES geodatabase with the proper owner information. After the inspection
of a hot-spot area, a report should be prepared and submitted to SHA describing the results.
A sample report is included in Appendix 5.0-C.

5.3

FIELD EQUIPMENT

Consultants should maintain the following list of field equipment for outfall inspections:

Handheld PC — Some of the data forms to be filled out are available in digital format
and will be discussed later. Additionally, a handheld PC with Arcpad displaying the
NPDES geodatabase data coupled with a GPS unit is extremely helpful for locating
outfalls.

GPS unit with extra batteries

Digital camera with extra batteries

Sampling kit — temperature, pH, phenol, chlorine, detergents, copper, ammonia

300 ml. sampling bottles

Waders/hip boots

25-foot measuring tape

ADC Map book

Safety vests

First aid kit

Machete

2 gallons of distilled water for cleaning of test tubes, bottles and other apparatus, and
because some sampling tests require clean/distilled water

1-gallon water container that is cut in half to collect low flow samples

25-foot extension pool used to connect a sample bottle for manhole sample extraction
Clipboard

Location maps of outfalls

List of outfalls with ADC location, structure type, pipe size, and type

Manhole puller

Distance wheel
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5.4 ILLICIT DISCHARGE SCREENING

SHA bases its Illicit Discharge Detection and Elimination Program on MDE requirements.
All the parameters screened in the field must be reported to MDE in SHA’s annual report.
An illicit discharge screening will be performed on major outfalls on a two-year cycle, and
annually for hot spots. The location of major outfalls can best be determined by querying the
geodatabase. A query on the STRUCTURES table, for the field of maj_outf = “Y” will yield
a list of all major outfalls in the county. If the geodatabase has not been completed for the
area to be inspected, outfalls will need to be located based upon contract drawings, GIS data,
and field inspections.

If the storm drain outfall cannot be located or accessed in the field, is buried or submerged,
or is a pipe connection, then storm drain manholes or inlets upstream of the outfall should be
checked for dry weather flow. For storm drain systems that may have changed since
previous inspections, it may be necessary to track down the new outfall location using pipe
connectivity and topography. If a major outfall location absolutely cannot be identified, an
inspection should be conducted on an upstream structure (inlet/manhole), and a reason
should be stated in the comments field of the Field Screen (FLDSC_SITE table) table why
the outfall was not located as well as what type of structure the inspection was conducted on.

5.4.1 Field Site Screening

The geodatabase contains several tables to keep track of illicit discharge screening. Data
entry for a site can be performed digitally through the use of a portable computer, or
manually on printed forms. If digital data capture is intended, it is recommended to have
copies of the printed forms as a backup.

If this is the first visit to the inspection site the FLDSC_SITE table is to be filled out once a
sampling site has been reached. If this is a re-inspection, this table should be checked and
updated as necessary. This table should also be used if an illicit discharge is discovered at
outfalls less than 1018 in”and any outfall that requires inspection.

The FLDSC_SITE table describes basic information about the screening site. All fields
should be filled in with the exception of RCN.

Unique Structure ID (structure_id) — This unique integer field allows the link between the
features and the associated database tables. The geodatabase will not allow a “null” value for
this field.

Hotspot (hotspot) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES to identify
whether this inspection site is a hot spot. See section 5.2.1 for the definition of a hot spot.

Vicinity Map Coordinate (vic_screen) — The location of the BMP based upon an ADC map
book is entered here. The format of the field should be (map, grid, year), where year is the
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year of the ADC book. For example: 12,F11,1996. The geodatabase will not allow a “null”
value for this field.

Site Description (loc_screen) — This field contains a description of the site with the nearest
cross street(s). The consultant should indicate if there is an easier way to access the sampled
outfall (ex. climbed over fence, access gate along RT 100, access through woods from Maple
Street). The geodatabase will not allow a “null” value for this field.

Sample Station Description (desc_sta) — This field contains a description of the station

where the field screening is performed (i.e., open channel, manhole, outfall, or inlet). The
valid values for desc_sta are as follows (D_STATION domain):

Station Code ’ Description

OC Open Channel
MH Manhole
ou Outfall
Pipe
PC Connection
IN Inlet

Pipe Outfall Description (desc_outf) — Pipe outfall is a simple description of the culvert
material using D_DESC_OUTFALL domain.

Runoff Curve Number (rcn) — The Soil Conservation Service Runoff Curve Number is
estimated by the soil of the drainage area and the predominant or weighted land use. This
value may be present on plans; if not this value is left blank.

Distance to Stream (streamdist) — The distance from the end of the outfall pipe to Waters of
the U.S. is entered here. This value should be measured in the field to the nearest foot. If
impossible to measure in the field, then the distance can be measured using the county stream
coverage in GIS or based on USGS maps.

Additional Site Comments (com_site) — This field contains any general comments about the
site.

5.4.2 OQutfall Inspection/Screening

Ilicit discharge samples should be taken after 72 hours of dry weather. The INSPECTION
table should be filled out each time a site is screened.

The INSPECTION table is filled in for every inspection of an outfall, even if the outfall is
not a major outfall. In the event that an illicit discharge is detected, a second inspection is
required between four (4) and 24 hours after the first screening for follow-up measurements.
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In this case, a second entry in the INSPECTION table for the outfall is entered with the
appropriate information reflecting that inspection

Unique Inspection ID (inspct_id) — This unique integer allows the link between the
INSPECTION table and the FLOW_CHAR table. Since an outfall can have multiple re-
inspections, this field is a unique number generated for each inspection. The geodatabase
will not allow a “null”” value for this field.

Unique Structure ID (structure_id) — This unique integer allows the link between the
features and the associated database tables. The geodatabase will not allow a “null” value for
this field.

Inspector (inspectr) — The inspector field documents the initials of the members of the
inspection team. The geodatabase will not allow a “null” value for this field. Multiple
entries in this field should be separated by commas. This field should be used primarily for
quality assurance by the organization performing the inspections.

Date of Screening (date_scrn) — This field documents the date that the inspection was
performed. The geodatabase will not allow a “null” value for this field. The entry format is
YYYYMMDD.

Date of Last Rain (last_rain) — The date of the last day of rain should be entered here. A
screening should be conducted at least 72 hours after a rain event. The entry format of this
date is YYYYMMDD.

Sampled Outfall lIdentification Number (sample_str_id) — This value identifies the
structure where the sample was taken. Most often, this will be the outfall, but can be an
upstream structure if a sample is more accessible at that location due to ponding water at the
outfall, heavy vegetation, fence, etc.

Time of Screening (scrtime) — This field records the time of the inspection (for example
15:37).

Flow Observed (flowobserv) — This field uses 1(Yes) or 2(No) D_BOOLEANVALUES
field to document the presence of a dry weather flow.

Algae Growth Present (algaegrow) - This field uses 1(Yes) or 2(No)
D_BOOLEANVALUES to describe if algae is present in the water. *Note that a commonly
occurring natural bacterium produces a water surface layer that resembles an oil sheen. The
bacterial surface is “breakable” and not as iridescent as an oil sheen, and is not indicative of
an illicit connection. Iron in the soil is used by several bacterial species and produces a
bright orange stain and is also not indicative of an illicit connection. These photos are of iron
flocculant precipitates.
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Examples of iron flocculant

The remaining fields are paired. The first field of the pair contains the standard domain code
as prescribed by MDE. The second field of the pair allows additional description if required.

Odor Type and Description (odor_type and odor_desc) — This field describes any unusual
odors detected and uses the D_ODOR domain values.

Deposit Type and Description (depos_type and depos_desc) — This description documents
deposit observations in the structure, discharge, and surrounding area and uses the
D_DEPOSITS domain values.

Vegetation Type and Description (veget type and veget desc) — This field identifies
evidence of enhanced or stunted growth and uses the D_VEGETATION domain values.

Condition Type and Description (cond_type and cond_desc) — This description documents
the condition of the end of pipe or end-structure and uses the D_STRUC_COND domain
values.

Erosion Type and Description (eros_type and eros_desc) — This field describes erosion or
deposition in and around the outfall and the downstream channel, and uses the D_EROSION
domain values.

Depth of Flow (depth) — If there is flowing water at the outfall, the depth is recorded in
inches and the FLOW_CHAR table is filled out for the inspection. If flow is not observed,
then a “0” value should be input. If dry weather flow exists, the outfall should always be
sampled unless stated otherwise in your contract with SHA.

Additional Inspection Comments (inspct_com) — This field contains any additional
information about the inspection. The comment field should be used liberally to note
characteristics of the pipe and end structures and the downstream channel that may have been
affected by pollutant material. These include structural damage; unusual staining; odors;
unusual plant growth or lack thereof; algae growth; floatables such as trash, oil sheen or
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surface scum; deposits; excessive erosion; land uses; or other evidence of illicit connections
at the outfalls.

*Suds on the water surface at an outfall may not indicate an illicit discharge. Suds that break
up quickly may simply be caused by water turbulence and may not indicate an illicit flow.
Suds that have a strong fragrant odor may indicate the presence of washwater (detergents).

5.4.3 Flow Measurements/Characteristics

The presence of flow during dry weather is considered to be one piece of evidence (but not
conclusive) indicating the presence of an illicit discharge. All flowing water at major
outfalls, with the requisite 72 hours of dry weather, must be chemically sampled immediately
on site. Chemical analysis will be performed using field test kits such as the Storm Drain
Pollution Control Test Kit manufactured by the LaMotte Company or the Hach Stormwater
Test Kit. Outfalls will be tested for pH, phenol, chlorine, detergents, copper, and ammonia.
The following table lists the acceptable limits for the parameters being screened:

Acceptable
Chemical Sample
Limits

pH 6.5-85

Phenol  |<0.17 mg/L
Chlorine |<0.40 mg/L
Detergents|< 0.50 mg/L
Copper |<0.21 mg/L
Ammonia [< 0.30 mg/L

If the sample does not exceed the values in the table above for any chemical constituents, a
follow-up inspection is not required. If the sample does exceed any of the values above, a
follow-up inspection and second sampling is required between four (4) and 24 hours after the
first sample was taken. The second sample screening should be recorded as a separate
inspection from the first. If the second sample still shows a value greater than the values in
the table, the consultant must attempt to track the source of the dry weather flow and notify
SHA immediately with a report. Possible sources of dry weather flow are discussed in
Section 5.5

The report should include photographs, a description of the location of the illicit discharge,
and an explanation of the problem. Appendix 5.0-A contains a sample illicit discharge
report. Tracking the source of the dry weather flow will be limited to only inherently safe
activities. Manholes will not be opened within traffic areas, confined space entry will not be
performed, etc. If the outfall has standing water, it is recommended that either the sample be
taken just downstream where flow resumes in the channel or at the next upstream structure in
the system where water is flowing. Standing water may accumulate pollutants and skew the
sample results.
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In some situations, the outfalls are not located close to the field inspection team’s vehicle. In
this case, sampling bottles can be used to transport sample water back to the vehicle rather
than transporting the chemical testing equipment to the outfall. Temperature and pH should
always be measured immediately after the sample is collected. Sample bottles should be
thoroughly rinsed with the water being sampled. After the tests are performed at the vehicle,
the sampling bottles and sampling equipment (test tubes, tube caps, thermometers, etc.)
should be thoroughly rinsed with distilled water.

The FLOW_CHAR table should also be filled out when flow is observed at the outfall. If the
scope of work between SHA and the consultant states that only suspected polluted flow
needs to be sampled, color, clarity, and floatables should still be assigned values.

Unique Inspection ID (inspct_id) — This unique integer allows the link between the
INSPECTION table and the FLOW_CHAR table. Since an outfall can have multiple re-
inspections, this field is a unique number generated for each inspection. The geodatabase
will not allow a “null”” value for this field.

The following three fields are paired. The first field of the pair contains the standard domain
code as prescribed by MDE. The second field of the pair allows an additional description if
required.

Flow Color Type and Description (color_type and color_desc) — This field describes the
color type of flow and uses the D_COLOR domain values.

Flow Clarity Type and Description (clar_type and clar_desc) — This description
documents the clarity of the flow and uses the D_CLARITY domain values.

Flow Floatable Type and Description (float_type and float_desc) — This field describes any
floatables that are present in and around the flow and uses the D_FLOATABLES domain
values. Trash is not an indicator of an illicit discharge, but should be noted.

Flow Temperature (watertemp) — Water temperature recorded in degrees Fahrenheit should
be entered here. Temperature should be measured immediately after taking the sample.

Air Temperature (airtemp) - Air temperature recorded in degrees Fahrenheit should be
entered here. Temperature should be measured immediately after taking the sample.

The remaining fields, pH(pH), Phenol(phenol), Chlorine(chlorine), Detergents(detergents),
Copper(copper), and Ammonia(ammonia) can be populated with results from a standard
testing kit. With the exception of pH, these values should be entered in mg/L.

Additional Flow Comments (com_flow) — This field contains any additional information
about the flow.
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Photos should be taken from downstream looking upstream towards the outfall structure.
Photos should also be taken of severe channel erosion, structure damage, pipe separation,
embankment failure, etc. Requirements for all photographs can be found in Chapter 2.0,
Source ldentification. Sample photographs are shown in Appendix 5.0-B. Drainage areas
should be delineated for all major NPDES outfalls as outlined in Chapter 2.0.

5.5 Potential Causes for lllicit Discharge Flows

Each parameter being screened (pH, phenols, chlorine, detergents, copper, and ammonia) has
a specific list of potential sources. It may be possible to track the source of an illicit
discharge based on the failed parameter and land use. Table 5.1 describes the indicator
parameter used to detect illicit discharges.

Discharge Types Parameter Can Detect

Industrial or

Parameter Sewage | Washwater ap Commercial
Water
Wastes

pH X X
Phenols X X
Chlorine X X
Detergents X X X
Copper X
Ammonia X X X

Table 5.1 — Discharge Type Parameters Can Detect

pH — Most natural flows have a neutral pH value around 7, although groundwater can vary.
The pH value is a good indicator of liquid wastes from industrial practices. pH is often not
conclusive of an illicit discharge, but it can identify outfalls that may have other issues.

Phenol — These are caused by organic decay such as rotting vegetables and fruits. Phenols
are also found in gasoline, plastics, asphalt, pesticides, and sewage.

Chlorine — This chemical is used to disinfect tap water. Chlorine is very volatile and may be
difficult to detect in the discharge, although high chlorine levels may be an indication of a
water line break, swimming pool discharge, or industrial discharge from bleaching processes.

Detergents — Sewage and washwater contain detergents used for laundry, dishes, and
industrial and commercial cleansers.

Copper — Brake pads are a major source of copper in stormwater. Copper is also associated
with industrial and manufacturing runoff, along with other metals.

Ammonia — Ammonia is present in sewage and washwater. Ammonia can be an indicator of
a sanitary line break or failing septic system.
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If a screened parameter is above the allowed limits, the source of the dry weather flow may
be correlated to the land use within the drainage area to the outfall. There are many activities
that can lead to illicit discharges. Table 5.2 (next page) identifies some activities based on
land use that can produce illicit discharge. The table may be helpful in determining the
source of the illicit discharge.

Table 5.2 — Land Use, Generating Sites, and Activities That Produce Illicit Discharges

(CWP 2004)
Land Use Generating Site Activity Producing Discharge
e Car Washing
e Driveway Cleaning
e Spills (oil, gas)
e Apartment e Equipment Washdown
Residential e Multi-Family e Power Washing
e Single-Family Detached e Swimming Pool Discharge
e Septic System Maintenance
e Broken Water Line
e Lawn/Landscape Watering
* RVparks e Building Maintenance
. car Deal_ers e Dumping/Spills
: gg:nv‘ig:ﬁss e Irrigation for Landscaping
e Commercial Laundry/Dry * Outc_ioor FIUI.d Storage
. e Vehicle Fueling
Commercial CIeamng_ . e Vehicle Repair
e Gas Stations/Auto Repair . .
Shops e Vehicle Washing _
e Marinas e Washdown of Greas;_/ Equipment
e Garden Centers o Durnpst'ers/Grease'Dlsposal Dumpsters
e Restaurants e Swimming P_ool Discharge
e Swimming Pools * Power Washing
e Auto Recyclers
e Beverage and Brewing
e Construction Vehicle
Washouts e All Commercial Activities
e Distribution Centers e Industrial Process Water or Rinse Water
Industrial e Food Processors e Loading and Un-loading Area
e Garbage Truck Washouts Washdowns
e Metal Plating Operations e Outdoor Material Storage (Fluids)
e Paper and Wood Products
e Petroleum Storage
e Printing
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Table 5.2 — Land Use, Generating Sites, and Activities That Produce lllicit Discharges

(CWP 2004)
e Cemeteries e Building Ma?ntenance
o e Churches d POyver_Washmg _
Institutional e Hospitals e Irrigation for Landscaping
e Schools and Universities * Parking Lot Maintenance
e Vehicle Washing
e Building Maintenance
e Airports . Poyver_Washing .
e Landfills o Irrlgz.;\tlon for La_ndscaplng
¢ Maintenance Depots (SHA * Parking Lot Maintenance
Municipal Shops) . Veh!cle Washlng
o Fleet Storage Areas * Vehicle Fueling
e Public Works Yards * Vehicle Repair
o Street and Highways J Outdopr FIU|_d Storage
e Dumping/Spills
e Road Mainteance
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Chapter 6
Data Management

A robust data model has been developed by Maryland State Highway Administration (SHA)
using ESRI’s geodatabase framework in support of the National Pollutant Discharge
Elimination System (NPDES) program. The data therein has been collected to provide for
the management of SHA’s stormwater infastructure. In order for the data to retain its value,
it must be maintained in a consistent manner and the model employed in a uniform fashion.
The purpose of this document is to describe the concepts and processes that are to be utilized
to maintain the data, including the roles of stakeholders, tools for updating and viewing the
data, as well as overall practices to follow when working with the model

SHA has adopted ESRI software solutions as the standard platform for managing its GIS
data. The ESRI framework consists of both Desktop and Server-based GIS components. The
NPDES program actively manages its datasets using combinations of the following
framework tools:

ArcGIS Desktop
ArcGIS Engine
ArcGIS Server
ArcSDE

6.1 NPDES Data Stakeholders

There are three primary stakeholders in the NPDES program and the resultant data. They are
the SHA, Maryland Department of the Environment (MDE), and engineering consulting
firms. Each of these stakeholders has different roles and responsibilities in the program.

6.1.1 Maryland Department of the Environment

MDE has been authorized by the U.S. Environmental Protection Agency (EPA) to manage
the Maryland NPDES program as mandated by the Clean Water Act. SHA’s NPDES permit
is therefore an agreement between SHA and MDE regarding the program that SHA is
implementing to meet the requirements of NPDES.

MDE is therefore a final consumer of the NPDES data, in that it must be made available to
them. They will utilize it for reporting on progress regarding NPDES in the State, but will
not necessarily use it on a daily basis.
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Since MDE is responsible for all NPDES permitting in the State, they need to acquire data
from all jurisdictions required to have NPDES permits. They therefore have a standard data
format that they require the data to be delivered in. Their format is currently a series of non-
spatial data tables that can be submitted in standard Microsoft Excel, or Microsoft Access.
The tables do not match the format of the data that SHA maintains. SHA must export the
NPDES data into the MDE format on a yearly basis. This process is described in section 6.8.

6.1.2 Maryland State Highway Administration

SHA is the primary stakeholder in the data model. They are the creators, maintainers, and
primary users of the data. Within SHA, the Highway Hydraulics Division is the primary
stakeholder division. However, the information stored in the NPDES data set is valuable to
other operating divisions and is shared accordingly.

The data itself is stored as an ESRI Geodatabase in ArcSDE 9.2 using Oracle 9i as the data
engine. The data model has been described in detail in preceding chapters and a copy of the
schema is located as an appendix to this manual. The SHA database is the master database
and is used both within ArcGIS and also with custom applications.

As the owners and maintainers of the data, SHA is also responsible for ensuring the quality
of the data that is entered into their data model. Day to day updates of the data is performed
by a skilled GIS analyst. Updates that are received from outside of Highway Hydraulics are
reviewed and quality control checked. This process is described in section 6.7.

6.1.3 Engineering Consulting Firms

Engineering consulting firms provide resources to assist SHA in the maintenance and update
of the NPDES data. Typically, the consulting firms are provided with a checked out version
of the data representing a geographic extent for which they are responsible. The consulting
firm performs updates ranging from inspections to adding new construction. The updated
data must then be provided back to SHA, quality control checked, and then synchronized
back into the master database.

The data model that has evolved for the NPDES program is sophisticated and as such
requires care in its management. Recognizing that consulting firms have different GIS/IT
technical resources available to them, a conscious effort has been put forth to develop tools
and processes that can be used to manage and update the data. The tools and processes that
have been outlined in the following sections are based upon an architecture that minimizes
the level of software required and as such hopes to minimize cost. If consulting firms have
more sophisticated levels of ESRI software than what is described, they should leverage their
expertise and available technology to the best of their ability to meet the same data
management goals.
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6.2 Data Management Architecture and Processes

Data management is the process and mechanisms for not only the transfer of data between
stakeholders, but also the manipulation of the data by the stakeholders. Each stakeholder has
different data responsibilities and requirements. Figure 6.1 is a simplification of the data
management by the stakeholders.

Figure 6.1 — Data Management Architecture and Process (6.2)
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6.2.1 Process1

The master geodatabase is managed by SHA using ArcSDE 9.2 and an Oracle 10g back end
data engine. Consumers of the data are MDE and data viewers within SHA. MDE receives
the data on a yearly basis in conjunction with the annual report using Process 1. Process 1 is
described in detail in section 6.8.

6.2.2 Process 2 and 3

Data is made available to SHA viewers using Process 2, the NPDES Viewing Application.
This is a web-based application using ArcGIS Server 9.2 and provides extensive viewing,
reporting, and querying capabilities to SHA staff. The NPDES Viewing Application is
described in Section 6.6.

The following sections describe the remaining processes, dedicated to the sharing and
synchronizing of data between SHA and the engineering consulting firms that update the
NPDES data.

6.2.3 Process 4 - Checking out Data from SHA to Consultants

Consulting firms are utilized to perform large scale updates to the NPDES data, including
bringing the infrastructure data up to date using contract drawings and field work. Also,
consultants perform the required inspections of BMPs to ensure that they are working as
desired. To check the data out to a consultant, SHA first creates a version of the master
database using the geographic extents of the area that the consultant is going to work within.
This may be a County, watershed, or other geographic area. Using the versioning tools, SHA
extracts the area into a versioned database. This database will be the version that is supplied
to the consultant, but will also be the location where the consultant’s version is synchronized
back and checked for quality control prior to checking back into the master database.

With SHA’s Quality Assurance database in place, SHA then provides the consultant with a
copy of the versioned geodatabase. This Process number 4 on Figure 6.1 can be performed
in a number of manners, depending on the technical capabilities of the consulting firm. The
simplest method is to provide a personal geodatabase to the consultant via ftp, CD, or
portable hard drive. If the consultant has Enterprise ArcSDE, then a replication process can
be setup between the consultant and SHA. This may require special dispensation regarding
SHA firewalls, which has not been addressed in this document. It is assumed that
communication in Process 4 both from SHA and back to SHA will be via personal
geodatabase, without the benefit of replication.

6.2.4 Process 5 - Consultant Production Database

When the consultant receives the personal database from SHA, the consultant will load the
data into their ArcSDE environment. It is assumed for this process that the consultant is
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using personal SDE with SQL Server Express. However, if the consultant has enterprise
ArcSDE, then similar processes can be performed.

With the data loaded into SDE, the consultant is recommended to produce a version for
quality control. It is from this quality control version that the consultant produces individual
personal geodatabases for editing within the office. As office edits are completed on a
regular basis, they should be synchronized back to the quality assurance version. The
consultant is required to run quality assurance checks on the data to be sure that it has been
accurately defined and populated. When the data has passed quality assurance tests, the data
is synchronized back to the production database. This database should be final and ready to
be synchronized back to SHA. No edits should be performed on the production database.
Process step 5 is performed using standard tools for database versioning within the SDE
environment.

6.2.5 Process 6 and 7 — Consultant In-House Data Processing

Process step 6 to generate the office editing personal geodatabase is performed using...

6.3 Office Editing Tools

The SHA NPDES geodatabase utilizes the capabilities of relationship classes and domains
that are inherent in the ESRI geodatabase model. These capabilities allow for a high level of
quality to be achieved due to their inherent nature. Using an ESRI geodatabase model does
complicate the process of editing the data using strict ArcGIS tools. For this reason, SHA
has developed a series of tools to facilitate the editing of the data. Primarily, there is an
office editing toolset and a field editing toolset. The purpose of the tools is to assist the user
in editing of attribute information and navigating the table structure established in the
schema. The user must be familiar with the basics of ArcGIS data editing in order to perform
spatial manipulation of the data. The following section describes the use of the office and
field editing toolsets.

6.3.1 Office Editing Environment Preparation
Office Editor system requirements:
e ArcEditor+ 9.2 sp3

0 .Net support install option
e .Net Framework 2.0
e ArcSDE 9.2 sp3

o0 Versioned geodatabase

Editing of the NPDES geodatabase requires the use of either ArcEditor 9.2 or Arcinfo 9.2.
The user should ensure that they are using one of these versions of ESRI ArcGIS software.
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Before using any of the tools, the data needs to be added to the map along with the provided

layer files.

The user can then add the personal geodatabase provided for editing to the ArcGIS

environment. The map legend should mimic the following the legend in Figure 6.2.

Figure 6.2 — ArcGIS view after personal geodatabase has been added
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Figure 6.3 — Layer set to be selectable in the ArcGIS environment

6.3.2 Office Editing Toolset

With the office editing tools turned on, the following group of icons will be added to the
ArcGIS toolbar as shown below.
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Figure 6.4 — Icons that are added to the toolbar when editing geodatabase

The first three tools indicated by flag icons are used to edit attributes of different primary
features. The first icon, a blue flag is used to edit Structure Features. The second, a green
flag is used for editing stormwater management facilities, or BMPs. The final icon, a purple
flag, is used to edit pipes and ditches, otherwise known as conveyances.

The tools are for performing graphic editing actions. The first is a “Flip Pipe” tool. The last
is used for creating conveyances.
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6.3.3 Editing Structure Attributes

Structure features represent manholes, inlets, outfalls, risers, and other similar point features.
In the stormwater infrastructure network, they allow for inflow of stormwater, outflow of
stormwater, a connection in the network, or some form of flow control.

When the user is ready to edit the attributes of one of these point features, the user should
select the Structures layer in the Table of Contents. The user should then select the one
feature in the map area that it is desired to edit. The tool does not work with multiple
features selected.

By pressing the Edit Structure Tool, represented by the blue flag, a window will open for the
user with all of the attributes related to that structure represented.

7ol | %
Figure 6.5 — The blue flag icon (Edit Structure Tool) is used when editing structures

“ Test.mxd - ArcMap - Arcinfo. g@

File Edit Visw Insert Selection Tools ‘Window Help

DERSE By @ €] 6f £F | % 2

Editoy > Teski

= £ Layers
= M BMP_CENTROID

150077 S ;

STRUCTURES
UnlnownOkher

£ Capoed 1 (o
R et

%::;;:f” 739067695441 5084075 1bicd0ced2sad | DB Version: dbo DEFAULT
@ Endsectior]  SHAStruct Num: [1501376.043
@ Projecting
& Jinctiong]  Stuct. Type: Inket -
: ;"ffhift: Stuct Funcio:  [Inflow ~|  PlanDate: ) oy
o] ran:men_ Struct. Status: Esisting ~|  DateVerified 111/2000 MDA
< Rip Rap Di
springhead  NPDES Num: YearAbandonedt vy
() BMP Centr

* SWMSd giudyPoint: NPDES Outfalt |~ Major Outfalt [~
= [ COMVEYANCE!

— Unknown | Comments: [
= = Ditch
*— Hydraulic
+ Pipe

= M sWmRAC

Inlet | Contiact | Metadata | Dwner | Stucture ssue

= B STRUCTURE

i SWMEAC DR, Designation: Unknavin - COG/COS Length: | Null >
Materiak Conerete A Grate Elevation: ft

Save Close .
Display | Souice MJ " = “_ﬂ . e —9
Drawing * K O~ A~ = daie =0 x| Bz ulAx &~ 4~ ¢~

1261497.008 S531207.856 Fest

Figure 6.6 — Screen shot of the digital form that appears when editing a structure
inventory record.
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The top half of the form (Figure 6.6) represents standard attributes that are common to all
structures. For a full description of attributes, the user should review Chapter 2, Source
Identification.

The bottom half of the form is driven by tabs which relate to different tables in the
geodatabase schema, such as INLET, CONTRACT, and OWNER tables.

Structure Type Tab
= ]| . ]
SHA NPDES Office Module E@g' SHA NPDES Office Module
Bab5d33d-508b-4eBa-E2ee-0c7Ee3dMEaa | DE Version: dbo.DEFALLT T A R T || BB Y CmBERLT
SHA Struct. Num:  [1501142.005 | SHA Struct = i
St Ty - R remp—
Struct. Function Inflow h PlanDate: 9533 Y Shiuct. Fum anD ate: 9399 iaid
Struet. Status: Existing v| DateVerified  |1/1/2001  MMiDDAYYY Shiuct. Status: Esisling v|  DateVerfied  [171/2001 MDAy
NPDES Num: ‘Year Abandoned Y MPDES Num: ’7 YearAbandoned ey
Study Point: r NPDES Dutfalt [~ Major Outfalt [ Study Point: r NPDES Outfalt |~ MajorOutfalt [~
Comments: | Comments: |
Inlet lEontlact] Metadata] Dwner] Structure lssue Manhale Connection l tract] Metadatal Dwner] Stucture |ssue

signation: Unkrawn A COG/COS Lengthc | Null Materiak - Top of MH Elevation:

Materiak Urnkrawn v Grate Elevation: ft

Comment: |

Figure 6.7 — Figure on the right is the structure type tab that is used to input structure
type attributes such as an inlet as seen in the figure. The figure on the right represents
a structure type pipe connection structure attribute tab.

The first tab is associated with the Structure Type. If the user changes the Structure Type in
the top part of the form, the tab will change also. The attributes displayed in the lower part
of the form with the Structure Type are unique to that specific structure type.

If the Structure Type is changed in the upper part of the form, the text will change to red,
indicating that on saving the form, the old structure type record will be deleted and a new one
created.

Contract Tab (Figure 6.8)
The Contract tab below indicates the contract drawing under which the feature was modified
into its current form.
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Inlet  Contract l Metadata] Dwner] Structure Issue]

PlanContract |M-401-502-372  +| SHAContract |M-401-502-372

Ilze Lazt |

Route: lInterstate | (270 |Unknown  +| Len: |1 Resst |
County: | Montgomery ~| ¥ Datum: |NGVD 23 -

Access Permit: | PlanDate: |1335 Y

ROW PlatNum: | YearBuilt: | vy

Comments: |

Project Limits:

WWASHINGTOM NATIONAL PIKE[DESIGH SECTION 2-5SEGMEMT "B"): SOUTH OF

THE B & 0 RaILROAD ERIDGE TO THE MORTH OF THE 1-370 INTERCHANGE

Figure 6.8 — Attributes to be filled in for the contract information per feature in the

database

To associate a contract with the current feature, the user can select from the existing contract

list using the pull down as seen in Figure 6.9 or create a new contract.

Inlet  Contract l Metadata] Dwner] Structure Issue]

SHA Contract |M-4EI'I A02-372

Plan Contract

|lze Lazt |

Route: F-170-501-777 | |Unknown  =| Len: |1 __ Feset |

County: EE-ID-IEEE-I?;I; Z' V. Datum: |NG"""'D 23 ﬂ

Access Permit: Egnag-?g%f? PlanDate: 1983 Naant

ROW PlatNum: 133?3 | YearBuilt: | vy

Comments:

Project Limits:  |'»ASHINGTOM MATIOMAL PIKE[DESIGH SECTION 2-5EGMENT "B"): SOUTH OF
THE B & 0 RAILROAD BRIDGE TO THE MORTH OF THE I-370 INTERCHAMGE

Figure 6.9 — Contracts that exist in the geodatabase CONTRACT table can be selected

by using the pull down on the form

Selecting an existing contract can be achieved by scrolling through the list or starting to type

the plan contract number in the list box. Typing the number will start a dynamic search.

Inlet  Contract l Metadata] Dwner] Structure Issue]

PlanContract |4 NI »| SHAContract |M-4I:I1-5I]2-3?2

Ilze Lazt |

Reszet |

&-000-000-000
Route: | aont-oot-o01 270 [Urknown | Len: |1
&-519-506-670
County: [ * | ¥ Datum: |N|3"»-"D 29 ﬂ
Accessz Permit: | PlanDate: |1335 Kanat
I

T T . - .
Figure 6.10 — New contracts can also be added when selecting a contract for a storm
drain feature by typing in the new contract number in the form
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Should the user type in a contract num

ber that does not exist in the CONTRACT table, upon

saving, it will create a new contract entry in the contract table with attributes selected. An
example of a completed contract record is seen in Figure 6.11

Inlet

Contract l Metadata] Elwner] Structure Issue]

Plan Contract |B-I:IEIEI-EIEIEI-EIEIEI

Lze Last |

j S5HA Contrackt |

|.-’-'-.Iternate Fh:uulj Len: |333 Fiezet |

j V. Datum: |Uﬂk~ﬂDWn j

Plan D ate: Laint

Year Built: Lauat

Route: |US Rowtes | [111
County: | Baltirnore

Acceszs Permit: |

ROW PlatMHum: |

Comments: |new contract

Project Limits:  |from point a to point b

Figure 6.11 — Contract information associated with contract number in Plan Contract
box

This contract is now added to the list and can be associated with any structure.

End/Headwall Contract l Metadata] Elwner] Structurelssue]
q-971-501-372 SHA Contrack |M-E|?'| -A01-372
0-601-7

Plan Contract

F17 T PN

Route: F-811-001-714 Unknown =] Len: |3 Reset |
F-E05-78-772

County: P-797-005-341 | v.Datum: |Urknown =~
F-605-15-742

Access Permit: (Fpagasi7o PlanDate: |1335 Laant

ROW Plat Num:({t.qnn.non-o00 ) v [ Year Built: T

Comments: |

Project Limits:  [\WASHIMGTON MATIOMAL PIKE: IMTERCHANGE RECOMSTRUCTION AT MD.
RTE. 124 AND MD. RTE. 117

Figure 6.12 — The last contract assigned to a feature can be selected for the next feature
inventoried by using the “Use Last” button

On both Contract and Metadata tabs, there is a “Use Last” button. Every time the edit
window opens or the new selection is made, if there is contract/metadata associated with the
selected feature, it is stored. If the next selected structure does not have contract/metadata
associated with it, “Use Last” button will use the previously stored contract/metadata record.
This simplifies the data entry process for multiple features that have the same Contract or
Metadata. The “Use Last” button is circled in red for the contract form in Figure 6.11.

C-18 10/21/2008



Metadata Tab
The Metadata tab (Figure 6.13) allows for the input of information about when the feature
was edited, who was the editor, and the primary source of edits.

The default date for new features being inventoried is the current day, and all other
information must be populated to save the record. Once the new information is entered and
saved, the metadata is checked against the existing metadata records. If the record for that
particular metadata already exists, then the application will assign the proper metadata
identifier otherwise a new metadata identifier will be created. This will ensure that the three
metadata field combinations are not duplicated in the database.

Enu:l.-"Heau:IwaII] Contract Metadata l I:Iwner] Struchure Issue]

Date Created a/M18/2008 Mo Created By: Use Lazt |

Information 5 ource: | j

Figure 6.13 — Metadata attributes that are required to be completed prior to saving a
record

Owner Tab
The Owner tab (Figure 6.14) allows for the input of information about existing owners of the
storm drain features. It can also be used to create new owner or edit existing owner
information.

End;"HeadwaII] I:::untract] Metadata Owner l Structure lzzue

Owner: | j Owner Hame: | j Add/Reset |

— Qwner Detail
Org. Hame 1: | Contact |

Org. Hame 2:| Phl: |__._ . Ph2: |___ Fax:

Address 1: | Email: |

Address 2: | Weh: |

City: State:l_ Zip: EntrpAgree.: | Exp. Date: |

Comments: |
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Figure 6.14 — Owner attributes that are completed for each feature inventoried

Depending on which owner type is selected (Figure 6.15), different owners are displayed
(Figure 6.16).

Enda’HeadwaII] I:::untract] Metadata Owrer
Dwner:| j Owner Mame

State Highyeay Administrat
Dwneré# ——
Org. NgPyivate or Public Owned

I nknown Dwnership
Org. Name - Ph1: I:

Addressz 1: |

Figure 6.15 - Different-ty-pe of owner can be selected per feature inventoried

End;"HeadwaII] En:nntran::t] Metadata Owner lStructureIssue]

Ownerloint-Use Dwned v Owner Hame: || j .-’-'-.u:lda"FlesetI |

0 Detai State Highweay Administration & Allegary County ”
wner Deta State Highway Adminiztration & Anne Arundel County
Org. Hame 1: | State Highway Administration & B altimare County

State Highway Administration & Caroline County
Org. Hame 2: Ph1: || State Highway Administration & Carrall County
| State Highway Administration & Cecil County

Address 1: State Highwway Administration & Charles County
State Highway Administration & Dorchester County bl
Address 2: | Web: |

City: State:l_ Zip: EntrpAgree.: | Exp.Date: ‘ ‘

Figure 6.16 — In the example for Joint-Use Owned, the associated pre-populated Owner
Names are displayed to be selected

Once a particular owner has been selected, the associated information can be edited in Figure
6.17.
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Enda’HeadwaII] Eu:untrau:t] betadats Owner lStructureIssue]

Owner: |J|:|int-L| & Dwned j L T8 T ol 5y Administration & Carrall Courty Add/Heset >
—Dwner Detail — — e~

Org. Hame(l: |State Higkwway Administration & Caroll County ) Contack

Org. Hame 2: — P —_—____ PhZ |___ Fax: o
Address 1: | Email: |

Address 2: | Weh: |

City: | State: l_ Zip: l— EntriyAgree.: | Exp. Date: Ii
Comments: |

Figure 6.17 — Once the Owner Name is selected then the associated information about
the owner is displayed

To create a new owner, user must click on the “Add/Reset” button, even if there is no owner
currently displayed.

Structure Issue Tab
The final tab titled Structure Issue (Figure 6.18) describes any issues that are known to exist
for the selected structure.

[l ] I:::untract] Metadata] Owrer  Structure l2sue l
Structure lzsues: Existing Structure | ssues;
[nlet grate =50% silked ”

Mon-bike zafe grate
Irlet »25% full debriz Add v |
[nlet structure damage - Meed repair

Inlet glab/curb damaged R
Inlet opering at curb very wide - Pedes ml
[nlet grate needs replacing

Manhole lid cracked - Replace
M arhinle tnochire darmane - Mesd rena

£ >

Figure 6.18 — Structure issues are pulled from a domain value and used to describe
issues related to storm drain structures
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[rlet ]EDntract] Metadata | Owner  Structure lssue

Structure lzsues:

Inlet grate =50% zilted ”
MHaon-bike zafe grate

Irlet »25% full debriz

Inlet gtructure damage - Meed repair

|nlet slab/zurb damaged

Inlet opening at curb wvery wide - Pedes
|nlet grate needs replacing

b anhole lid cracked - Replace
M anbale stnehire Aarmane - Mead rena

4 b

<« Remove |

E xisting Structure | ssues;

Inlet structure damage - Heed repair
Inlet opening at curb ven wide - Pedestrial
tanhole lid cracked - Replace

Figure 6.19 — Structure issues are selected and displayed when the ADD button is used.
These issues can also be removed if needed.

New issues can be added or existing ones deleted as needed (Figure 6.19). (Double clicking
on the structure issue on the left adds it to the existing structure issues list, unless it is already
in the list. Similarly, double clicking on the existing structure issue removes it from the list.)

If at any time the user wishes to reset the entire form to the original data, the button circled in
red in Figure 6.20 resets the form.

[ARIL=L = (L= Ll = L=l = L R P L= L [ R}
kM anhale lid cracked - Replace
M Aanhnle <tooeh e damane - Mesd rena
£ > £ >
/~ N
Save Cloze ( .
Figure 6.20 — The structure issues form can be reset with the selection of the hGtton
circled in red on the form.
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DRAFT CHAPTER 6: DATA MANAGEMENT

6.3.4 Creating a New Structure

To create a new structure, the user will use standard ArcMap editing tools circled in Figure
6.21.

*E;_W.:Tegt.mxd - ArcMap - Arcinfo

| He Edi view Insert Selection Tooks Window Hel

| B> 5 N s
DEES s m@Xx - |1 L = EELIYd |
ks I § ; ||
=l £F Layers

B BMP_CENTROID

STRLICTURES
UnknownfOther
7\ Capped Inlet

EQ Inlet
@ Headwall =
[ Endwall STRUCTURES E

- BMP_CENTROID

o S TRUCTLURES

- COMVEVANCE

-~ SWMFAC
STRUCTURE_DRAINAGE_AREA
SWMFAC_DRAIMAGE_AREA

& Endsection
@ Projscting Pips
& Junction Box
@ Pipe Connection
¥ Ditch Intersection
) Manhale
> Rip Rap Ditch
1 Springhead
(+) BMP Centroid
= SWM Structurs
= [ commEvancE
— Unknowin
= = Ditch
*— Hydraulic Connector
- Pipe
= [ swmFAC

BLER LS Lyl

=l [ STRUCTURE_DRATMAGE_AREA
]

= [ SWHFAC_DRAINAGE_AREA
L

Display | Source | Selection a0 @ ".‘J A,
Jgrawwng' ko E‘EB‘D' A~ f:‘:”@Anal—;”ﬂ B I Q|A' G Av &~ |

Layer in which Features you create will be stored | |1252075.922 536946576 Fest 1

Figure 6.21 — Standard ArcMap editing tools used to edits and create storm drain
features
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Once a new point feature is created (with the edit session closed), the user can open the edit
feature form and enter all the information pertaining to the new structure as seen in Figure

% Test.mxd - ArcMap - Arcinfo E]@
File Edt Wiew Insert Selection Tools Window Help
== # [a
= =2
DEd& BB i AEET -l g &@ 0w ] of f | %
x 4 / ¥ { ! ! -
= @& 150621 | / =
= Layers S5 plin Lo P f
= M EMP_CENTROID 2 ; 150679 g
& HH — st — . 150687
= 7 RN i Er Module. - o
H Unknownfother £ : 1506! 3
A\ Capped Tnlet & DB Yersion: dbo. DEFALILT
[ Iniet SHA Struct. Num:
BB Headwal 0 —I
[] Endhaal Struct. Type: =
& Endsection 3 o PlanDate. —
@ Projecting Pipe Rm truct. Funcbor - lan D ate:
€ Junction Bax o .
Struct. Status: Date Verified 318/2008  MMDDAYYY 2
& Pipe Connection MHEL i ate Verifie .
e Ditch Intersection x NPDES Num: YearAbandoned: e :
i) Manhale
& RpRepDbh o StudyPoint: [ NPDES Outtalt [ Major Outfalt ;
Springhead #
() BMP Centroid Eofments: [ —!
e SWH Structure o
- oML £ Cantract ]Meladata] Dwner] Slluctura\ssue]
= Unknaown
= = Ditch Plan Contract | SHAContrack Use Last I
*— Hydraulic Connectar 50396
> Fpe Route: [ | [ | Len: | _Resat |
- gMFAC County: ‘ ﬂ V. Datum: ‘ j
= M STRUCTURE_DRAINAGE_AREA Access Permit: | PlanDate: | ey
= B SWMFAC_DRAINAGE_AREA ROWPlatNum: | Year Built: | vy
s Comments: ‘
Project Limits: ‘
Save Close | .
* y
+ W X
* 4
i \
.
- \
5 7~ :J
Display | Source | Selection @O LJ J _}] 1
Drawing ~ & O~ A~ < |[j@)aal ~[[0 x| B 7 U|A~x &~ Fv o~

1251818.131 537207.492 Feet

Figure 6.22 — The point feature circled in red was created using standard ArcMap
editing tools. Once the feature is created and the edit session closed the attribute
information for the feature can be entered.

One of the first things the user must do is assign SHA structure number to the new structure.
The SHA structure number is a seven digit and three digit combination number that indicates
the system and structure number that is unique to the subject structure. (See Chapter 2 for
full description of the SHA Structure Number.) The user must be sure the new structure
number fits the current system numbering schema and standards. After the user enters the
number, they can click on the “Check SHA Number” button (thumbs up button in Figure
2.23). This checks to see if the number exists or is available but does not check compliance
with current system numbering.
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'E¥ SHA NPDES Office Module a@@]
DE Yerzion: dbo. DEFALLT
SHA Struct. Num: W
Struct. Type: I—L|
Struct. Function: I—L| Plan D ate: Ii Y
Struct. Status: I—L| D ate Verified W A RASD DAY
NPDES Num: l— ‘Year Abandoned Ii Y

Study Point: = Major Outfalt [

Structure number available

Valid number.

Comments:

Cortract lMetadata] Dwner] Sitrig

FPlan Contract Uze Last |

Route: J j J | j Len: ﬂl

County: | J V. Datum: | Ll
nnnnnnnnn i Blanfata- | wees

Figure 6. 23 The thumbs up button next to the structure number will check to see if
the structure number entered is a valid number so that duplicate values are not
created and so that the number is in the proper format according to SHA
standards

After the check is performed, the user can enter and save all the information about the new
structure.

6.3.5 Editing BMP Attributes

Best Management Practices (BMPs), also known as stormwater management facilities, are
ponds and other structures that treat stormwater and are represented by polygons. When the
user is ready to edit the attributes of one of these polygon features, the user should select the
SWMFAC layer in the Table of Contents. The user should then select the one feature in the
map area that it is desired to edit. The tool does not work with multiple features selected.

By pressing the Edit SWMFAC Tool, represented by the green flag (Figure 6.24), a window
will open for the user with all of the attributes related to that BMP (Figure 6.25).

AP | %

Figure 6.24 — The green flag will allow the use to enter BMP inventory data
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% _Test.mxd - ArcMap - Arclnfo E@

Eile Edit Yiew Insert Selection Tools ‘Window Help

DEEHE @+ B@ -~

Gff38950-498d-40c2-9c28-0daddebededd | DB Version: dbo DEFALLT

El ¥ BMP_CENTROID SWM Fac. Num: [150397 LegacyNum:  [15397
a

= STRUCTURES Fac. Designation:  |Pand - Other Num:
UnknowenfOther
| Capped Tnlet Subcategom: ‘Wt Pool - MDE Num:

g:::wa” BMP Status: Esisting v| InSteam [~  DamHeight: [16 ft

= £ Layers

g En:wa\l PlanDate: 1387 WY SeepageCntil: [ TrenchWidihc ,— ft
Endsection

® Projecting Fipe Year Abandoned rees 4 mitoAirport: [ TrenchLength ft
€ Junction Box < '— v )

& Pipe Connection ADC Location: |19,09,2000 Legacy ADC: |19.C9,2000 Env. Compliance Owned [
# Ditch Intersection Road Name:  [I-270 Observation'wet [

) Manhole

X Rip Rap Ditch PeakDischarge: 2 YR: | s 10YR: | cls 100YR: cfe

Springhead

@ BMP Centraid Fence Materiat - Dam Hazard Class: |Mull -

o= SWM Structure

= B COMVEVANCE BMP Location [SOUTHWEST QUADRANT OF 1-270 AND MD 117
— Unknown Appurtenance Comm J
= = Ditch
#— Hydraulic Connectar Comments: J
- Pipe

= Cortract IMEIadala{ Dwnarl Contral/Inflow Structure[s]]
= STRUCTURE_DRAINAGE_AREA Plan Contract ]Wl SHA Contract ,W Use Last I
- gV\;MFAC DRAIMAGE AREA Route: ]\ntsrslale j W |Unknuwn j Len: |T Reset I
2 ) ) County: W V. Datum: m_‘z_é—Ll A
Access Permit: ]7 PlanDate: |1353 VIVY, i
ROWPlatNum: [ YearBuilt [ v

Comments: ]

ProjectLimits:  [WASHINGTON NATIONAL PIKE[DESIGN SECTION 2-5EGMENT "B"): SOUTH OF
THE B &0 RAILROAD BRIDGE TO THE NORTH OF THE |-370 INTERCHANGE

Save Close | . e

\ -
Display | Source Se\eclion] ]O R _'._] _J N _._J_
prawing v K i@l | O v A » 7% ||@] Avial -0 - B 7 U A H S =~

1251585,078 536446.358 Feet

Figure 6.25 — The form is the BMP inventory form that will be completed for BMP
feature records

This form (Figure 6.25) contains all the attributes associated with the selected SWMFAC
feature inventory and related information, such as Contract, Metadata, Owner and
Control/Inflow Structures. There is a separate form for entering inspection information.

Depending on which facility designation is selected, the list of facility subcategories will
change. Figure 6.26 is an example of Pond designation subcategories.
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SWwWhMFac. Num: |15EISE|F" Legacy Num: 153

Fac. Designati:ﬁ |F'|:|n|:| )} j Other Num: l_

Subcategonr W;ﬁ vﬂ\ MDE Hum: I_
Microponl extended detention pan i

BMP Status: m: |  DamHeigh
Wet extended detention pond

Plan D ate: Pocket pond i [ Trench'wid

pond

YearAbandoned |Othe it: [ Trenchleng

ADC Locationc |13,C3,2000 LegacyADC: |19.C9,.2000 Eny. Complia

FRoad Hame: |I-2?EI Obszervation'w'ek

Figure 6.26 — There is an assigned group of subcategories associated with facility
designation. These subcategories will update when different facility designation types
are selected.

The observation well depth in the BMP inventory form is only visible if observation well is
checked in the top part of the form. When observation well exists in a BMP the associated
box in Figure 6.27 is checked and a depth can then be entered.

jance Owned | port: | Trench Length | ft
-3,2000 Env. Compliance [

3.2000

Observation'wek |

ObszervationWek

ofs  100¥R: | cfs
Figure 6.27 — Observation well and well depth T1€ld
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Control Structure and Inflow Tab
Similar to the Structures form, the lower half of the BMP form contains information related
to other tables. The Contract, Metadata, and Owner tabs function the exact same way as with

the Structures Attribute Editing.

Unique to BMPs is the Control/Inflow Structures tab

(Figure 6.28). This tab defines the structure numbers of those features that flow into the
BMP, as well as defines the control structure for the BMP.

e

EffBR9EN-4598d-4002-9028 fdaddchedeB4 | DE Wersior: dbo DEFALILT

SWM Fac. Num: W Legacy Num: ’W
Fac. Designationc ’m Other Num: ’7
Subcategons ’m MDE Mum: ’7
BMP Status: ’m In-Stream: [ DamHeight: |15 ft

PlanDate: 1987 e SeepageCnti: | Trench'Width l— ft
‘YearAbandoned ,7 frees] 4 mitoAnport: [ TrenchLength ,7 ft
ADCLocation: [19C32000  LegacyADC: [13C52000  Env. Compliance Owned [~
RoadMame: |20 ObservationWek # | &

Peak Discharge: 2 YR: ‘ cfs 10 YR: ‘ cfs 100YR: ofs
Fence Materiat - Dam Hazard Class: |Null ¥

BMP Location. |SUUTHWE5T QUADRANT OF I-270 AND MD 117,

Appurtenance Comm |

Comments: |

Contiact | Metadata | Dwner  Control/inflog/Structurels) ‘
Control Strudture(s}
1607142.002

Structures:

Add >»
<< Remove

Inflow Structureff}
1501142.003
15071146.002
1601142.013

[~ Search Distance

Bt from BMP ao!|

fidd 35

\<< Remove

Rk v

Came b al

Figure 6.28 — The control structure and inflow structure point features are selected for
each BMP using this form.

When an existing BMP is created the control structure and inflow structures are selected
using this tab (Figure 6.28). If a BMP’s control structure or inflow structures need to be
updated or completed this tab is also used. To assist in making a selection of new structures,
the user can use the “Buffer” tool provided. Clicking on the “Go” button will perform a
spatial search within the specified buffer distance and select those features in the map. It will
also list the selected features in the “Structures” list (Figure 6.29).

C-28

10/21/2008



File Edit Wiew Insert Selection Tools Window Heln
SHA NPDES Office Edit - SWMFAC

= ; BIf88960-4980-4002- 9028 5cladedcheds84 | DB Version: dho DEFALLT
DedE& i) o o ] Ef | S
= SWMFac. Num: [150337 LegacyMNum:  [15357
= £ Layers Q Fac. Designatio |Fand - Other Num:
= BMP_CENTROID
= wu| Subcategon: \wiet Pool - MDE Num:
=] STRUCTURES &
oo er 22| BMPStatus: Existing +| InSweam: [~ DamHeight [15 ft
7 Capped Inlet Y PlanDate: 1987 vy SeepageCnul. [ TrenchWidi it
[ Tnlet
& Headwal L] [Er— vy AmitoAiport: [ TrenchLength ft
B Edwal - ADCLocation: [15CI2000  LegacyADC: [1909.2000  Env. Compliance Owned [
& Endsection
@ Projecting Pipe | RoadName: [-270 ObservationWek [~
€ Junction Bax 18
& Pipe Connection | PeakDischame: 2 YR: s 10YR: ofs  100YR: ofs
% Ditch Intersection A
O Marhole Fence Materiat - Dam Hazard Class: [Nyl -
< Rip Rap Ditch [ ] .
Springhead BMP Location: [SOUTHWEST QUADRANT OF 1270 AND MD 117
dh

(%) BMP Centroid o | Appurtena
o SWM Structure P

= (4 CONWEVANCE

é

— Unknown

= = Ditch ontract | Metadata | Owner  ContdKInflow Stucturefs) |

#— Hydraulic Connector Chibines G e
1501146001 B T501142.002
1501142.011 Add>>

] 1501142012 |

=] STRUCTURE_DRATNAGE_AREA 1501142 004 << Remove

1501142.009

1501281 002
1501281.001
1501142.00 b
Search Distance

= B SWMFAC_DRAINAGE_AREA
it Inflow Structure{sy

15011421013
Add > 1501142.003
1501146.002

<< Remove

ftfiom BMP  GOL

; -
ity [owca Sesin] | fan 2w 1 S|
Drawing + K O~ A~ (< |[@]anal “f0 ] B ru Av &~ _Fxr =~ I

Figure 6.29 — List of structure are presented within a user defined buffer of the BMP

outline

If the user clicks on a particular Structure in the Structures list, that feature will be selected
on the map, making it easy for the user to decide if the appropriate structure has been
selected (Figure 6.30). Also, if it is an existing Control or Inflow structure of the selected
BMP, it will be selected in the appropriate list (Figure 6.30).

BMP Location: |SDUTHWE5T QUADRANT OF |-270 AND MD 117,

Appurtenance Comm |

Comments: |

Contract Matada[a] Owner  Control/nflow Stucture(s) ]
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1501281.001 1501142.002

-~

1501142.001 Add s
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Inflow 5 tructure(sk
Fm_ w
11501142.007 501142003
Search Distance A 1607146002
EiN— ttomBMP  GO! << Remove

Figure 6.30 — For ease of selecting control structure and inflow structure the aipplication
will highlight in the ArcMap view the structure selected. Once the structure is
confirmed to be a control or inflow structure, it is placed accordingly.
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6.3.6 Editing Conveyance Attributes

Conveyances, also known as pipes, ditches, and hydraulic connectors are the linear features
that convey stormwater within a storm drain system. When the user is ready to edit the
attributes of one of these arc features, the user should select the Conveyance layer in the
Table of Contents. The user should then select the one feature in the map area that it is
desired to edit. The tool does not work with multiple features selected.

By pressing the Edit Conveyance Tool, represented by the purple flag (Figure 6.30), a
window will open for the user with all of the attributes related to the conveyance represented.

7 =1 C7) %

Figure 6.30 — The purple flag will allow the use to enter conveyance inventory data
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Figure 6.31 — Conveyance inventory form for a pipe

All of the attribute information related to the conveyance can be edited from this form
(Figure 6.31). Similar to the Structures Form, the first tab will change depending on the
conveyance type selected. Hydraulic connectors are imaginary connections between outfalls
and control structures for ponds. They do not have any special attributes associated with

them as seen in Figure 6.32.
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Figure 6.32 — Hydraulic connector inventory form

6.3.7 Flip Pipe Tool
The flip pipe tool is designed to reverse the direction of the pipe when the user discovers a

mistake. The user selects the subject pipe and then clicks the icon (Figure 6.33) for the flip
pipe tool to execute.

=7 =7 7 (%)
Figure 6.33 — Flip pipe tool button

Execution of the tool revises the upstream structure and downstream structure field in the
CONVEYANCE table in the database and reverses the direction of the arc (Figure 6.34).
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Figure 6.34 — The flip pipe tool will reverse the flow direction of the conveyance

6.3.8 Create Conveyance

The create conveyance tool (Figure 6.35) is designed to create the arc between two selected
structures. The user must select the Conveyance Layer in the Table of contents and then
select first the upstream, and then the downstream nodes that are to be connected by the
conveyance. Selecting the icon for the create conveyance tool then creates the appropriate
record in the database and creates the arc feature. If the feature is a ditch, standard ArcGIS
editing tools should be used to adjust the geometry to fit contours and/or aerial photography.

T %)

Figure 6.35 — The create conveyance tool can only be used when the upstream and
downstream structures are created
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6.4 Field Editing Tools

6.4.1 Overview and requirements

The following section describes the Field Editing Tool
g (FET), its intended use, when and how it should be
AW,;C%MW@ applied, installation requirements and how it integrates
with ESRI’s enterprise architecture. FET’s design

expedites all the field collection activities required to
maintain full NPDES compliance. It enables users to
quickly and accurately collect the following datasets::

Highway Hydraulics Division
e BMP (Stormwater Management Facilities)
e Conveyances (SDOIP)

e Structures (IDDE)

FET is intended to be used for specific field-related tasks. It allows users to perform specific
field activates, including the following:

Inventory
Inspection
GPS Location
Image Capture

FET components plug in to ESRI capabilities and, as such, it leverages all of the following
ESRI technologies:

e Personal GeoDatabase Model (Microsoft Access)
e Disconnected data editing (check in/check out)
e Replication (Versioning)

It is beyond the scope of this document to detail all the integration options; rather, it is left to
the consultants to choose an integration methodology that best suits their needs. Please
review figure 6.1 for scenarios and tips to integrate FET with ArcGIS.
FET requires the following software components prior to installation:

e ArcEngine Runtime 9.2 service pack 3
e ArcEngine License
e Microsoft .Net 2.0

The following software components are required if you should choose to adopt the proposed
integration strategy as posited in section 6.2:

e ArcGIS

C-34 10/21/2008



e ArcEditor or Arclnfo License

e Personal ArcSDE

e Microsoft SQL Express

*Note: Personal ArcSDE and Microsoft SQL Express are bundled with ArcGIS at the
ArcEditor License level. Please contact your ESRI sales representative for particulars.

FET is designed specifically to leverage Toughbook technology and as such requires that
piece of hardware. Additionally, field crews are required to use a GPS device for spatially
locating and inventorying all features. FET supports the following GPS connections and

signal protocols:

e Bluetooth
e Serial
e NMEA

6.4.2 Loading data into FET

FET is a map-centric tool and as such requires a map document be pre-authored prior to its
use. At a minimum the map document needs to reference all the feature classes in the
NPDES data model. Of these, only the Structures, Conveyance and SWMFAC layers are

SE= Layers

= BMP_CENTROID
re

=] STRUCTURES
E Unknown
7 Capped Inlet
[ Inlet
& Headwall
[=] Endwall
& Endsection
(® Projecting Pipe
4 Junction Box
& Pipe Connection
#& Ditch Intersection
() Manhole

Rip Rap Ditch
Springhead

*) BMP Centroid
= SWM Structure

= COMVEYANCE
= Unknown
= = Ditch
#— Hydraulic Connector
- Pipe

=l B swWMFAC
EJ

= SWMFAC_DRAIMAGE_AREA

= STRUCTURE_DRAINAGE_AREA

mandatory and directly edited within FET. Supplied with FET is the
layer symbology SHA has adopted for use throughout the NPDES
program. Figure xx shows the table of contents for a typical FET-
ready map document. FET supports any ESRI-compliant ancillary
data source, including arterial imagery, road centerlines, points of
interest and hydrologic features. Do not include these layers directly
in the NPDES data model; rather, reference them as external data
sources.

As previously mentioned, FET is architected to leverage ESRI’s
disconnected data editing technology. As such, all data must first be
registered with an instance of ArcSDE prior to use within FET. It is
beyond the scope of the document to enumerate all the possible
ArcGIS configurations that FET supports but described below is
one likely implementation strategy.

These are the necessary steps to follow when preparing data for use
in FET. The intent is not to provide an exhaustive list of steps but

to provide an overview of the steps and any special considerations.

e ArcSDE Personal

e Microsoft Access Personal GeoDatabase
e ArcGIS licensed at the ArcEditor level

10/21/2008

C-35



Prerequisites to using data within FET:

Distributed Geodatabase Toolbar added to ArcMap
Unedited NPDES GeoDatabase Model

Versioned GeoDatabase

Proper Permissions

Figure 6.36 shows a check in/check out replica created using ArcGIS. Note the use of
Microsoft Access; FET expects this format. Also note that “advanced options™ has been
toggled. Toggling “advanced options” is mandatory because it is used later in the process.

File Edit View Insert Selection Tools Window Help

DEzE& [ic] + |[15932 Az & n e
.
8 % Y B Be 3R
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43 150352§ ¥ Ij‘jgf
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ol &® AE N O
a { K
= @ STRUCTURES Ly ® )
H Unknown @ N & A i
7 Capped Inlet Check Out Wizard
& Inlet
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Figure 6.36

Figure 6.37 shows the second form one sees while creating a check in/check out replica. Note
that extract related data is toggled and the spatial extent is set to current map extent. Both
options are required as well as setting explicitly overriding the default settings for both the
Contract and Owner tables. These tables serve as lookups and as such should be pre-
populated prior to creating the check in/check out replica.

Override the default settings for the following tables by setting the check out option to “All
Records”:

e Contract
e Owner

C-36 10/21/2008



DRAFT CHAPTER 6: DATA MANAGEMENT

| Ele Edit Vew Insert Selecton Tooks Window Help
[DEsda|:bax o «|&|Em SN |:||r,?|
8|8 ™22 nhiBe s

| Edtor v | & | &= ek = Feature /| 1eraet | s e N = =) | | & 83 &
By 75035 ),
Layers | * 3 | i
= ) DBO.FIELD (01-HQSLPC1_SQLEXPRESS) =l :
= 4 NPDESMaster02.0BO.NPDESFeatures oj { 7

= BMP_CENTROID 6
Y b

= B STRUCTURES M
Unknown O
7 capped Inlet Advanced Check Out Options
H Inlet @
& Headwal » ~What spatial extent do you want o apply to the check-out
[3] Enduwall 3 £+ The current display extent
® Endsecton 1 = i
& v 5 The full extent of the data
4 Junction Box k € The boundary of the currer e
@ Fipe Connection  The following extent:
3¢ Ditch Intersection [i)
() Manhole Top:
< Rip Rap Ditch ] Left: Right:
“ Springhead v sk
(%) BMP Centroid iy
o SWM Structure = [~ Choose which items you want to check out

= [ coMvVEYANCE Z Data Type | checkout  |usal
— Unknown NPDESMaster02.DBO. SWiFaciltyHasContract R ip Class | |
= ® Ditch | NPDESMaster02.080.CONTRACT Table =
#— Hydraulic Connector | NPDESMaster02.DBO.PPES Table Schema Only =
- Pipe | NPDESMaster02.DBO.DITCH Table Schema Only

= i swMPAC NP Table Schema Only =

= SWMFAC_DRAINAGE_AREA < ] &
1
= ik [ dueal |

= STRUCTURE DRAINAGE Indude Al Exclude All Reset All
& i

¥ Extractrelated data
et
.
< Back Mext > Cancel l (/
.'\

Figure 6.37

Figure 6.38 shows Owner table check out option set to “All Records” as required.
(figure on next page)
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Figure 6.38

Figure 6.39 illustrates form three of the check in/check out replica process. The user simply
accepts the default values presented on this form. (Figure 6.39 on next page)
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Figure 6.39

Figure 6.40 illustrates the final step in the check in/check out replica process. While no
required, it is suggested that the user opt to have ArcGIS create a map document that is
wired to the disconnected data set. Toggling this option is beneficial in two ways:

e All symbol sets are preserved
e Data sources are wired correctly

Additionally, all map documents should be created with relative data paths, so as to alleviate
the need to rewire data sources prior to incorporating into FET. (Figure 6.40 on next page)
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FieldManager.mxd - ArcMap - Arcinfo
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Figure 6.40

Figure 6.41 shows the final stage of the check in/check out replica process. The result of the
process includes the following: (figure on next page)

e ArcMap Document (mxd)
e Personal GeoDatabase
e Correct symbology
e NPDES GeoDatabase Model
C-40 Maryland State Highway Administration 10/21/2008
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Figure 6.41

6.4.2.1Network Structure

While not mandatory, anyone using FET should adopt a strict folder naming convention and
structure. Adopting such standards will enable both field and office crews to maintain large
datasets that are being created and edited by both field and office personnel.

Figure 6.42 illustrates the suggested network structure to adopt for both field and office
hardware.

The following items are required to complete field work:

o ArcMap Document
° Disconnected NPDES Personal GeoDatabase

It is suggested that the following items are used to complete field work when available:

. Field Images

. Scanned Contract

Note that Figure 6.43 illustrates the suggested data structure for a field toughbook intended
for use in the Montgomery County area. If the suggested data structure is adopted, the field
crew in the scenario simply needs to copy the Montgomery folder from the network prior to
leaving for the day.
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6.4.3 Application Tool & Status Bars

FET is an interactive tool used to assist field crews with their data gathering tasks. FET is
designed specifically to encapsulate business rules and standard operating procedures field
crews should be following. If used properly, it should make field staff more productive,
enhance data quality, cut start-up time and serve as a mechanism to integrate with ESRI
architecture.

FET can be used to accomplish the following activities:

Inventory
Inspection
Location
Mapping

Image Inventory

Below are sections detailing how field-related task can easily be accomplished using FET.

FET has a number of components, forms, toolbars, tools and status bars that are also
explained in detail.

Figure 6.44 shows FET’s main toolbar. Each item on the toolbar has a tool tip indicating its
intended use. Using this toolbar, users can navigate to a number of different functional areas,
including:

Map Window
Inventory Windows
Inspection Windows
GPS Window

User Setting Window
Contract Window
Owner Window

Help Window

Layout Configurations

@ | e | venton: G oo | spectin: |5+ o | Uiges 8 I L) | Loyt B 5 [T
Figure 6.44

Each of these items on the main toolbar is described in detail in the remaining sections of this
document.

The main status bar in FET is shown in Figure 6.45. It is used to show feedback to users
whenever FET is running.

Figure 6.45
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Figure 6.46 illustrates FET feedback as it regards to GPS- relevant activities. At a minimum,
the status bar always displays GPS connection, tracking and locating activities.

Figure 6.46

6.4.4 Mapping Interface

Figure 6.47 illustrates the embedded mapping interface of FET. FET is a map-centric tool
and as such requires a map document be loaded prior accomplishing other tasks. As
previously mentioned, all NPDES data sources must be preconfigured specifically for use
within FET. FET, does, however, allow for external data sources as long as they remain
external.

+ NPDES Field Capture Program |ZH§HX|

& }‘IPDES Map View
SIHQAOTEI@ 0 kO 0 M
£ Map

[m |

Open

(83 [S[%[

Lockin: | () md

E|FieldCrenos. mxd
3| FieldCren07.md

GPSloator | | LiveTracker Refesnif  01-HQSLPCY

Fie niame: | FedCrewo7.mea

Files of type [ archap Documerts (“mxd)
[ 1Gpen as read-orly

Vi

Figure 6.47
Figure 6.48 illustrates loading a map document into FET. Users are required to load a Map
document for each FET session. Note the disabled state of most tools because an active layer
has yet to be set.
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@ NPDES Map View
FEHAQAQAMNIPED RO 2 L ITA

= £F layers
& [ BMP_CENTROID

i
= [£ STRUCTURES
H Unknown
7 Capped Inlet
= Irlet
& Headwall
[a] Endwall
@ Endsection
@® Projecting Pipe
€ Junction Box
@ Pipe Connection
% Ditch Intersection
O Manhole
< Rip Rap Ditch
% Springhead
(¥)BMP Centrod
o SVM Structure
= [Z] CONVEYANCE
— Unknown
= = Ditch
*— Hydraulic Connector
- Pipe
= W SWMFAC

]

B M| SWMFAC_DRAINAGE_AREA
=]

=] STRUCTURE_DRATNAGE_AREA
[

GPSlocator || Live Tracker AsfreshAate: |Real-Time Active Layer: | -Choose One- | | [ unable ta Fix GPS

Figure 6.48

Interactive Map Toolbar

The FET mapping window contains a number of toolbars which the user can interact with to

complete their work. The interactive mapping toolbar (Figure 6.49) enables users to
accomplish a number of tasks, including the following

Load a map document
Load other related data sources
Save a map document
Navigational Tools
0 Zoomin
Zoom out
Pan
Zoom in to center
Zoom out to center
Zoom to full map extent
Go back to previous extent
Go to next extent
Select elements
Identify
Measure
Clear selected map features

OO0OO0O0O0O0O0O0OO0OO0DO0
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0 Select map features
o Search for map features
o]
EPE® A kO & h
Figure 6.49

6.4.4.2 Map Information Toolbar

As previously stated, FET is a map-centric solution and the Map Information toolbar (Figure
6.50) illustrates that fact more than any other. It enables users to accomplish a host of tasks,
including the following:

Toggle GPS Locator mode
Toggle Live Tracker mode
Set Live Tracker update rate
Activate a layer

The toolbar also serves as a status indicator for the following items:

e Current GPS fix
e X/Y location (MD State Plane 83 Feet)

I GPS Locator Live Tracker Active Layer: | -Choose One- L | Unable to Fix GPS ~¥:1238845.4220814, X:554660.741756 Feet

Figure 6.50

The user is required to interact with this toolbar occasionally throughout a session. It hosts a
number of relevant features, least of which is setting the current active layer. Once a user sets
an active layer, FET responds by setting dependant modes throughout the application. The
following is a simple illustration of this built-in feature.

Active layer selected (Ex. Structures)

Any previous map selection cleared

Select map features button on interactive map toolbar enabled
Appropriate tools enabled on FET’s main toolbar

APwnh e

Figure 6.51 shows the map information toolbar during a session of FET.
| GPS Locator Live Tracker Refresh Rate: | 1.5-Min w | Active Layer: 11| GPS Fixed: True

Figure 6.51
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6.4.4.3 Geometry Tools

As its name implies, the Geometry Tools toolbar (Figure 6.52) — located to the right of the
map- is used to interact with spatial features. Its state is dependant on the current active layer
and whether an edit session has been initiated. The toolbar provides for the following
functions:

Ooen Edit
Close Edit
Cancel Edits
Save Edits

[E=
© O O O

X | @
@]

Delete Selected
New BMP

[&]
o

New

Flio Convevance

Reverse unstream/downstream structure
Undate svstem

© OO 0O O O

New Structure

o0 Relocate
Figure 6.52

The geometry toolbar works in unison with all other toolbars, toggling between states to
maintain editing integrity.

6.4.4.4 GPS Toolbar

The GPS toolbar (Figure 6.53) is used in conjunction with the geometry toolbar during the
creation of features. This toolbar acts both to gather user input and to show feedback for the
GPS-related activities. Included on this toolbar are the following inputs:

e GPS Override (manual input via mouse)
e GPS Accuracy settings

o High (90 readings)

0 Medium (60 readings)

o Low (30 readings)
e Cancel GPS acquisition tool
e Re-initiate GPS acquisition process tool
e GPS acquisition progress bar

|] GPS Override GPS Accuracy High ~ | 5| = || Aquiring [ ]
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Figure 6.53

The map information toolbar must indicate a fixed GPS signal prior to feature creation. If a
fix is not established, an appropriate subset of the GPS tools will be displayed.

Figure 6.54 illustrates an edit session in progress and a structure location being acquired with
high accuracy as indicated on the GPS toolbar. Note as GPS reads are received, the map
interface updates until said accuracy is reached, after which the average of all readings is
established and the appropriate feature placed.

@ NPDES Map View

™ RO O
= £F Layers A
=] EMP_CENTROID

Hde hOs 0 FH

A
= M STRUCTURES
E Unknown
[ Capped Inlet
[ Inlet
& Headwall
[=] Endwall
& Endsection
® Projecting Pipe
€ Junction Box
& Pipe Connection
4 Ditch Intersectior
(O Manhole
# Rip Rap Ditch
= Springhead
(%) BMP Centroid
ofs SWM Structure
B ¥ CONVEYANCE
— Unknown
= = Ditch
+— Hydraulic Connec
—» Pipe
B M SWMFAC
[N}
= SWMFAC_DRAINAG
=

= STRUCTURE_DRAIN

= 4
= Area_1lsid
RGE

ElRed: Band 1

gl o o : 3 = =
< I | 3 _|DG‘°5°“'m GPS Accuracy  High L|j|-$||mg[llll ]
GPS Locator [+] Live Tracker Refresh Rate:  1.5-Min v |Active Layer; STRUCTLRES “;UGPSHKEG:TmE

Figure 6.54

6.4.5 Inventory Interfaces

There are two main tasks consultant field crews must accomplish on a daily basis, inventories
and inspections. FET is designed to encapsulate most, if not all, of the activities and business
rules established for these tasks. Users will quickly notice FET’s inventory and inspection
interface have been consistently designed and behave in a similar fashion. This was done
intentionally and should help ease the learning-curve for field crews and other staff using
FET. Use FETSs inventory interfaces to record field-data for the each of the following
features:

e BMP
e Conveyance
e Structure
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Using FET should relieve consultant staff from editing the NPDES database directly. It
encapsulates the data-editing process via a number of forms. Each form is composed of
required inputs that must be completed prior to FET performing a save operation.

6.4.5.1 BMP (Stormwater Management Facility)

As previously noted, all of FET’s toolbars are linked to present only the appropriate tools and
allow particular actions given the system’s current state. Figure 6.55 illustrates how FET’s

toolbar are linked. The current state of the application is as follows:
e Active Layer: SWMFAC

e Select and clear map features enabled
e No edit session opened
e SWMFAC Inventory enabled
e SWMFAC Inspection enabled
& D Smvarnfom: ‘?&E Imspection 2| Lisiftes £ | Lapour = = [T]
FEHAQU I Pe - ROz O EM
= £F Layers A
=1 ¥ BMP_CENTROID Hl
= ;TRUCTURES
| Unknown
7 Capped Inlet
[ Inlet &\% @
& Headwall
[=] Endweall mmm
& Endsection
@ Projecting Pipe 01717171?3
4 Junction Box 999999
@ Pipe Connection
3 Dikch Inkersection 3823 @
©) Marhole (@8",“"
oot ?mfm
() BMP Centraid @

-i- SWM Structure
= [ CONVEYANCE
— Unknown

= SWMFAC

&1
= SWIMFAC_DRATNAGE_AREA

= STRUCTURE_DRAIMAGE_AREA

%a@

¢ Bl

123456 - Update System Connections

gsl
@

3

= = Ditch Lo rmw
i 00

«— Hydraulic Connectar il "0# -? 7

- Fipe

|
ﬂ

GPS Locator Live Tracker Active Layer: | SWMFAC hd

Figure 6.55

1| Unable ko Fix GPS

11180093, 4841829, X1624736,2943399 Feet

The figure below (Figure 6.56) shows the SWMFAC Inventory dialog. The user can
select stormwater management facility types across the top of the inventory to further

narrow their search of which features are selected.
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000003 1 Histary| < SWMFAC |5 SwM Features
100000

N2123
333333
432332
7ETE7E
959991

Q) BMP Stuctures | [ Photos Scanned Documents

Contet [ Qpner| wetacal
ContractID | ‘ PlanDate: |_ 1 Built: l:l

SHA Contract | | Rl:‘ vl I:l |

Plan Contract | |Cnunty: | v| VD:l

Access Permit: l:l ROW Plat Mum: | ‘

c |

Project Limits: |

Figure 6.56

The SWMFAC tab (Figure 6.57) on the Inventory dialog displays attribute information

related to any highlighted features under the selected tab. Certain data is required by the
field crews in order to save information on a facility.

4 Storm Water Management Facility Inventory

WETLAND
SHALLOW MARSH

EXISTING
L]

SOUTHWEST QUADRANT OF |-270 AND FATHER HURLEY BLVD

RIP RAP CHANNEL CUT QUT TO STREAM SERVES AS CONTROL STRUCTURE.

Conioct | Ounr | Metacta |

Contract ID[51702783 a5 4632 = Fe cBlka oot | PlanDate: [135 | YrBum: | __ |

SHA Contract: 401511372 | Ru: [INTERSTATE ~] |UNKNOWN
Plan Contract: M-401511372 | County: | MONTGOMERY | wb: nGvD 29

mh;l:l mwmu_:\ | m;lzﬁ |

C \

Project Limits: ‘WASHINGTON NATIONAL PIKE: MIDDLEBROOK ROAD TO NORTH OF FATHER HURLEY

Figure 6.57
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Figure 6.58, the SWM Features tab, contains information pertaining to whether the facility is
an in stream BMP, the height of the dam, trench depth, etc.

Figure 6.58

The following figure (6.59) shows related structures to the facility. The user can apply a
spatial filter to search for structures within a certain distant from the selected facility. This
tab also lists the inflow structure(s).
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& Storm Water Management Facility Inventory

(3 Selected |{8) Search| | [ Inventory History | \3> SWMFAC | 58> SWM Features | “O> BMP Stuctures | (@l Photos Scanned Documents
15
150353

Figure 6.59

The user can view the facilities and related structures by highlighting the facility and/or
structures in the BMP Structures tab as shown in figure 6.60.

5 £ Layers
B ¥ BMP_CENTROIC

3

& Headwall
8] Endwall
@ Endsection
@ Projecting Pip
€ Junction Box / ra, A P
peaipli p / ,
3 Ditch Interse 8
O Manhole T
> Rip Rap Ditch
= Springhead
(%)BVP Centroic
o SWM Structu
= M CONVEYANCE
— Unknown
= u Ditch
+— Hydraulic Cor
= Pipe
= M SWMFAC

&1
= SWMFAC_DRATI

! i
B R pea——|

CE= i
| cPStocor  LveTradker neiiecn ]

o] [CE]
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Figure 6.60

The Photos tab in Figure 6.61 allows the field crew to load pictures related to the facility they
are inspecting. The crew can load multiple photographs and add comments to each photo.

6.4.5.2

@ Storm Water Management Facility Inventory

EBEX

L4 Selected | {8 Search |

150353

C\Projects\BMP\DataStores
C\Projects\BMP\DataStoresi
C\Projects\BMP\DataStore s
C\Projects\BMP\DataStores\
C\Projects\BMP\DataStores\
C\Projects\BMP\DataStoreslf
C\Projects\BMP\DataStores'f
C\Projects\BMP\DataStores!|
C\Projects\BMP\DataStoresf
C\Projects\BMP\DataStoresf

Figure 6.61 — Facility Inventory Photos

Conveyance (SDOIP)

The following figure (6.62) shows Inventory form that is associated with the conveyance
layer once that layer is activated in the map view and has features selected. The Inventory
History lists related structures, pipe or ditch data, and metadata information.
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4 Conveyance Inventory

& Selected |) Search

(24 Inventory History |\> Inventory Report | Photos |

= STRUCTURES

- UPSTREAM_STRUCTURE

- DOWNSTREAM_STRUCTURE
= FIPES

= PIPE

- METADATA_INFO
= METADATA

-~ META_ID: 61a2a455-c 0644z

- CONVEYANCE_ID: 405366ch3]
- GLOBALID: {D5ECBACD-6B1E
- MTRL_PIPE: UNK
- OBJECTID: 13324
- PIPE_SIZE1: 9993
- PIPE_SIZE2: 9993
- PRESSURE: GR
- XK5_AREA: 9995
- K5_SHAPE: UNK

- CREATOR: KCI

- DATECREATE: 10/30/2001 1
- GLOBALID: {534835CB-7E04-
- INFO_BASE: FIELD

- OBJECTID: 502
- PARENT_META_ID:

Elnantes@@LdM

1] ] 2

. (.

Figure 6.62 — Conveyance Inventory History

The Inventory Report (Figure 6.63) contains attribute information for the selected
conveyance. The third tab on the bottom of the form will change based on whether the

conveyance is a pipe or ditch.
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4# Conveyance Inventory

=S Selected [ Soach| | (3] inventry Hisory | <O nvertor Repor (@ Photos|
Feature e
2163 Conveyance ID 40966cb3-147-4d37-2837-bd328201030
26215
Comveyance Type 772 ] Pran Date [595 |
Status | EXISTING v/ Date Abandoned |0
Length(f nvertin 0 invertOut 0
Upstream Structure ID Control Structure ID
| 52208575-4d22-4417-88%-22522523820b | | 846r2960-1036-4201-8919-c 020216253 |
C
‘ASSUMED PIPE LOCATION. FIPE SIZE, SHAPE, AND INVERTS UNKNOWIN. ‘
| Contract | Metadata | Pipe
Major Pipe Size(inches) (9999 | Pipe Shape | UNKNOWN |
Minor Pipe Size(inches) 3999 fal | UNKNOWN |
Pipe Area(inches~2) [9999 P |GRAVITY v|
= (. (=) (=) [

Figure 6.63 — Conveyance Inventory Report

6.4.5.3

Structure (IDDE)

The following figure (6.64) shows Inventory form that is associated with the structure layer
once that layer is activated in the map view and features have been selected. Across the top
of the dialog, the user can choose between different structure types that will filter the selected

list.
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4 Structures Inventory

w‘_ 23 History |\> Irwentory Report | Photos |
I

[ SWFAC i InkNotes ) @ (o) o]
. [ COMVEYANCE

1001503.015 i

1001503.016 (- METADATA_INFO

1001503.017 (- EMD_HEADWALL

1001502018 & DWNER

1001503.019

[ CONTRACT

ﬁ Readonly Mode

Figure 6.64 — Structures History

The next figure (6.65) is the Inventory Report containing attribute information for the
selected structure. The last tab on the bottom of the form will change based on whether the
structure is a endwall/headwall, inlet, manhole, pump station or a riser/weir.
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4 Structures Inventory

| Structure Types:

:-k Selected @ Search |E] Histary \> Inventony Feport F'hotosl
StructurelD | c33%6ei-c1d7-450d 2152243003205 | MetallDl] 4654d19d-3d14-4831 88a0-a0996ac2eds |
1001503 015
1001502016 ContractlD) | 5dcd311adafa-4i0b-9d7e-a353c59a6ba3 | NOwnerlD| 4333623464443 Bee 57 ITac2 |
1001502017
1001502018 . 1001502011 -
e SHA StructNum: | | StuctStatus: | EXSTING v
PlanDate: 3933 | StructType: |PROJECTING PIPE v
Date Verified: | 1/ 1/1753 ~|  StructFunction: |OUTFLOW |
Date Abandoned: |U_ | NPDES Num: |U_ |
StudyPoint [ NPDES Outfall: [] Major Outfal: [
Comments:
| Contract | Owner | Metadata | Issues| End/Headwall
Designation: | INKNOWN v]
Materiak |METAL v]
Comment: ||
Cancel Save
ﬁ Readonly Mode

Figure 6.65 — Structures Inventory Report

6.4.6 Inspection Interfaces

6.4.6.1 BMP (Stormwater Management Facility)
Figure 6.66 is a graphic showing the Inspection form for facilities. Once a facility is selected
on the left, the field crew can click New and begin capturing information for that feature.
The first tab is History which contains BMP, contract, owner, and metadata information.
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B8 BMP Inspection

5y Selected | ) Search| 24 Histary |\> General | > Site Condition | <> Embankment | <> Pond/Riser | [Z] Rating | [i2k Actions | @ Photos|

[EIEN ||| & CONTRACT i Inkhotes &) @ [gf [o]
100000 = DWNER = =
333333 =

o METADATA_INFO
E7E7E7
TETE76
939991
939333

Mew Edit [Delzte Cancel Save

5 Readonly Mode

Figure 6.66 — BMP Inspections History

Figure 6.67 contains inspection date, type, location, SHA response, comments, whether the
feature is a occupational hazard, context, etc.
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5 Selected B Search E@ Histary R‘> General ® Site Condition

000003

@ Embankmert Q Pond/Rizer Rating | [+ actions | @l Photos

[1oooo0 |

333333 f3ce2ded-add3-433e-b96c-36624084f37 2

432332

E7E7ET

7EVETE 10/5/2008 3:22:11 P _
939391

935393

d

COMMERCIAL DEVELOPMEMNT L]

|S_il| Edit Session Open...

Figure 6.67 — BMP Inspections General

Figures 6.68 through 6.70 display site condition, embankment, pond/riser ratings from 0 — 5
and NR. Figure 6.71 contains the overall rating for the facility.
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B8 BMP Inspection

Q Selected B Search

000003

333333
432332
E7A7ET
TEVETE
333331
933333

E@ History ® General |~ Site Condition

® Embankment Q Fond/Rizer Rating | [i=h actions | @l Photos
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@ Edit Session Open...

BN BMP Inspection

Figure 6.68 — BMP Inspections Site Condition

L} Selected f8) Search

000003

333333
432332
E787E7
7E7ETE
933331
9393333

EE] Histary \§ General \§ Site Condition | > Embankment '°\> Pond/Riser

Rating @ Actions | [Hl Photos

Delete

@ Edit Session Cpen...

Figure 6.69 — BMP Inspections Embankment
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Fiating @ Actiors | [El Photos

5y Selected B Search EE] Hiztary ® General ® Site Condition @ Embankment | ~.> Pond/Riser

000003

333333
432332
E787E7
VEVETE
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@ Edit Session Open...

Figure 6.70 — BMP Inspections Pond/Riser

B8 BMP Inspection

&) Selected B Search EE] Histary ® General @ Site Condition % Embankment Q F'Und.-’Fiiser Rating | [i2h Actions | @l Photos

000003

333333
432332
E7E7E7
FEFETE
933391
95933593

[ e
) Edit Session Cpen. ..
Figure 6.71 — BMP Inspections Rating
C-60 Maryland State Highway Administration 10/21/2008

NPDES MS4 Phase I Annual Report



DRAFT CHAPTER 6: DATA MANAGEMENT

The Actions tab, shown in Figure 6.72, allows the field crew to choose an Action Type from
the text box, then choose a Location. Once the action type and location are highlighted, the
user can add or remove them from the Action/Location area.

S BMP. Inspection

Feature Keys

L) Selected |@ Search| ||E] Histary || \> General || \> Site Condition || \> E mbankrment || \> Pand/Rizer || = Hating| [i2 Actions | Photos|
Action Type

REBUILD EMBANKMENT TO PROVIDE REQUIRED FREEBDARD
INSTALL POND BENCH/SHELVES

CONSTRUCT EMERGENCY SPILLWAY OPENING

CONSTRUCT PULL-OFF AT ACCESS ROAD

CONSTRUCT ACCESS ROAD

CLEAR SEDIMENT

REPAIR BANKS OR SIDE SLOPES

REPAIR ROADWAY DAMAGE

REPAIR EARTH SPILLwAY

ADD GATE TO FENCE

Location

(B3

€

EMBANKMENT S'w/i-REBUILD EMBANKMENT TO PROVIDE REQUIRED FREEBOARD
MOM S EMBANKMENT-REBUILD EMBAMKMENT TO PROVIDE REQUIRED FREEBOARD

Action/Location [ Add | [ Remaove ]
EMBANKMENT S'witd-REBUILD EMBANKMENT TO PROVIDE REQUIRED FREEBOARD

Mew Edit [Delete l Cancel ] l Save ]

"__‘1 Edit Session Open...

Figure 6.72 — BMP Inspections Actions

6.4.6.2 Conveyance (SDOIP)

After selecting conveyances in the Map View, the user can click the New Storm Drain
Inspection button to bring up the form shown below in figure 6.73. The form lists all the
selected conveyances and their histories. The history includes contract, structures, pipes,
metadata, and pipe inspection information.
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[E SDOIP Inspection

5y Selected B Search| IE] Histary \> Inspection " Photos|

10103 - CONTRACT {1k hiotes @) @G M |
L @ STRUCTURES SN

10218 -- FIFES

16335 - METADATA INFD

8062 @ PIPE_INSPECTION

3827 - P_INSP_REC

-- P_INSP_SUBRATING
- P_INSP_PHOTO

< 1) ] 2
&J Mews Edit Delete Cancel Save

,“_5| Readaonly Mode

Figure 6.73 — Conveyance Inspection History

The final two tabs on the conveyance inspection form is Inspection and Photos (Figure 6.74).
The Inspection tab contains pipe information, such as size, material, inspection date, ratings,
and comments. The Photo tab allows the crew to load photos taken in the field or review
photos related to a pervious inspection.
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[E SDOIP Inspection

&y Selected @ Searchl ||E] Histary \> Inspection Photosl

Major Pipe Size{in) 28 Minor Pipe Size(in) 20 Materal BCCHMP
10106
10218 Fipe Inspection |D: |affeBeaB-eBa8-4b3d-a4cf-81‘IeD‘I b4ba0a |
16335
2062 Inspection Date: 5/31/2005 v OxerallRatings DAMAGED OR May REQUIRE FUTLURE REPAIRS -
9827

Location: |INTEHSEET OF MT. ZION RD AMD MD180 |

Flows Comments:

 Recommendations | Sybratings|

Recommendations List

MaJOR FORMATION OF UNARMORED SCOUR HOLE

MaJOR EROSION AROUND OUTFALL STRUCTURE

MaJOR DOWMNSTREAM CHAMMEL EROSION

DEBRIS AND SEDIMENT OVER HALF OF PIPE AREA - NEEDS CLEANING
BACKWATER OR STANDING WaTER IN PIPE

WATERS OF THE UMITED STATES OR WETLANDS AT OUTFALL

Recommendation s

WATERS OF THE UNITED STATES OR WETLANDS AT OUTFALL

X (e

Recommendation Commert

&] Mew Edit Delete LCancel Save

5 Readonly Mode

Figure 6.74 — Conveyance Inspection

6.4.6.3 Structure (IDDE)

Figure 6.75 shows a new Inspection being performed at the highlighted structure shown on
the left side of the graphic. Once the field crew clicks New at the bottom of the screen, an
edit session begins and the user can now add inspection information related to the selected
structure.
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© IDDE Inspection
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£} Readarly Mode

Figure 6.75

The next figure (6.76) shows the different attribute information field crews can collect during
the Site Inspection.
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& IDDE Inspection

| [ inspection Hstory| > Ste inspection | (@l Photos

lnﬂnd'immv |f?5bbc:4§-efﬁ?~4b‘lI-a‘IEE«:dL‘-'EB!}eEHE? i i) l.:
: ., L m

5/25/2001 ~

‘Structure Condition: NORMAL .-Q

L '—]
Ok it Erosion Condition:  NORMAL ]
_ _ Depos Desc.: |
R Vegetation Condition: | NORMAL |

1540535.01
1540935.011
|1940930.12 ™

-- (New | [ Edt  Delete  Concel l_l

| IN GOOD CONDITION OVERALL.

£ Readonly Mode
Figure 6.76

Once the field crew creates an inspection, a new tab is added to the Inspection dialog called
the Structure Locator shown in Figure 6.77. The user can click on the upstream/downstream
conveyance to zoom to the structure.
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Figure 6.77

The final figure for the structures inventory shown below is an example of how the structure
locator interacts with the map display. The user can toggle between the upstream or

downstream conveyance as shown highlighted in red in figure 6.78
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Figure 6.78

6.4.7 GPS Interface

Figure 6.79 shows the GPS Controller dialog used to connect the application with the GPS
receiver. The user can click the Detect button, which will then scan the active ports on the
toughbook machine. Once it finds the port being used with the receiver, the bottom left part
of the dialog will switch to “Found device....connected status”. The user can also view
which satellites they are locked on and their signal strength. The GPS Properties tab displays
baud rate and other GPS settings.
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Figure 6.79
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Figure 6.80

Figure 6.81 shows the GPS Reads tab on the GPS Controller dialog. This allows the user to

view the current location and displays the x,y coordinates, status, gps quality, etc.
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6.4.8 User Settings
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Figure 6.81

Figure 6.82 shows the environmental settings that need configured prior to the field crews
first use of the application. Once the correct paths, inspector initials, and company code are

set and saved, the environment settings will not need to be configured again.
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Figure 6.82
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6.5 Special Spatial Editing
6.6 NPDES Viewer
6.7 Quality Assurance/Quality Control

6.8 MDE Data Export
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APPENDIX

Examples of Impervious Layers

Anne Arundel County
Carroll County
Charles County
Frederick County
Montgomery County
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SHA-OWNED IMPERVIOUS SURFACES IN CHARLES COUNTY
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EXAMPLES OF IMPERVIOUS SURFACES
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Executive Summary

Managing highway runoff is a complex storm water management problem. This
research is a input/output field study specifically looks into the hydrologic and water quality
benefits of having grass swales with an additional pre-treatment area and incorporation of
check dams for managing highway runoff at Maryland Route 32 highway. These swales
manage the hydrology of the stormwater by increasing the lag time (2-3 hours), reducing the
overall average peak (32-44%) and reducing the total runoff volume (4-46%). The overall
mass pollutant loads are reduced for TSS (38-62%), nitrate (92-95%), nitrite (54-71%), lead
(78-82%), copper (56-70%) and zinc (67-79%). On the other hand, TKN (-120 to 44%), TP
(-5 to 40%) and chloride (-61 to -4%) show mass increased. Compare to previous study,
swales with check dams do not show any significant improvement over swales without check
dams. However, a check dam swale with a pretreatment area has higher reduction of the

overall mass pollutants removal for all pollutants except for TSS.
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Chapter 1

INTRODUCTION

Non-point source pollution occurs when rainfall or snowmelt runs over land or
through the ground and picks up pollutants and deposits them into streams, lakes or
groundwater. According to the U.S Environmental Protection Agency (EPA), non-point
source pollution is the leading cause of water quality problems (USEPA 1994). Non-point
sources include overland runoff from agricultural, industrial, urban areas, construction sites,
roads, parking lots and other open spaces. Furthermore, Novontny and Harvey (1994) noted
out that almost 50% of the total water pollution in the developed world comes from non-
point source pollution.

Highway stormwater runoff is one of the significant sources of runoff pollution
potentially impacting receiving water ecosystems due to the disperse nature of the pollutant
pathways. Besides that, development of highways causes increase in impervious areas and
indirectly reduces vegetation. Vegetation such as trees, shrubs and wetlands, intercept and
store significant amounts of precipitation and reduce the erosive forces of rain and runoff.
Therefore, due to more impervious surfaces, soil compaction and vegetation removal, the
movement of water through the environment and the water quality will be altered.
Eventually, a variety of problems may develop such as increased flooding, increased
sedimentation and erosion of the receiving water body. In one study by the American Forests

(1998), conversion of forest to impervious cover resulted in an estimated 1.2 billion cubic
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feet (29%) increase in runoff during a peak storm event and replacing this lost of stormwater
retention capacity with reservoirs and other engineered systems would cost about $2.4 billion
($2 per cubic foot).

Currently, the Maryland State Highway administration (SHA) is exploring the use of
Low Impact Development (LID) technologies for addressing complex stormwater
management challenges. LID practices are innovative engineered systems that are design to
manage stormwater by replicating the site’s predevelopment hydrologic regime,
incorporating design techniques that infiltrate evapotranspirate and reuse runoff (USEPA
2007).

LID technologies that have been used in many SHA designs include grass swales and
grass filter strips. Swales are shallow vegetated channels that convey stormwater and grass
filter strips are vegetated areas that are intended to treat sheet flow from adjacent impervious
areas. Both system remove pollutants by filtration through grass and infiltration through soil
prior to discharge to a downstream drainage system or receiving waters. According to Lee et
al. (1998), major pollutant removal mechanisms in vegetative controls are sedimentation of
suspended solids, infiltration and adsorption to plant and soil surfaces. Indirectly, from the
hydrological aspect, grass swales help to reduce runoff velocities and reduce runoff peaks.
However, one of the challenges associated with filter strips is the difficulty to maintain sheet
flow since it is frequently dominated by concentrated flow, which results in little or no
treatment of stormwater runoff. Therefore, in recent stormwater manuals, filter strips are
considered as a beneficial technique for stormwater volume reduction rather than as a

pretreatment practice on some of the sites (MDE 2000). Moreover, in order to increase the
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detention time of the water on the swales, check dams are often installed within the grass

swale. This will allow more time for the water to infiltrate.

Figure 1. Grass swale with filter strip located on Maryland Route 32

Swales are relatively easy to design and maintain, and aesthetically appealing,
especially for highway use. For some sites, it could be the most cost effective treatment
technique. Figure 1 shows an example of grass swale with filter strip. The major difference
between swales and other stormwater treatment practices such as gutters and detention ponds
are the method used to size the treatment. Most of the stormwater treatment practices are

sized by volume of runoff but swales on the other hand are design based on flow rate. For
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flood control purposes, it is required that the stormwater practice are able to reduce the peak
flows for at least 10 year storm events (Claytor and Schueler 1996) and for channel
protection, the stormwater practice needs to be design to reduce the peak flows for at least
1.5-year to 2-year storms (Schueler 1987, Rosgen 1996). A project to specifically study the
effects of grass swale drainage by Kercher et al. (1983) measured a significant decrease in
runoff from the swales in comparison to curb and gutter system. This is an advantage since
less area is needed for the downstream stormwater detention ponds. Among the thirteen rain
events that were monitored, the grass swale area only produced runoff during three events
compared to every event by the curb and gutter area. In the same report, it was indicated that
they could save AU$6100 if they construct and maintain the grass swale. The traditional curb
and gutter system would cost AU$13,000 (net present value over 25 years).

Pollutant removals by swales are considered site specific and swale performance is
highly depends on grass cover (type, density), type of soil, runoff quality and channel design.
Yousef et al. (1987) recommended that grassed swales should be regarded as primary
stormwater treatment facilities that convey stormwater to secondary treatments such as
detention basins and wetlands. Currently, the information on water quality improvements for
swales is limited and inconsistent as a result of the complexity of swale operation. In general,
swales are effective in removing large particles such as suspended solids but during intense
storms, settled particles are potentially subject to resuspension, resulting in net export of
pollutants, especially for nutrients (Yu et al. 2001).

This research project site has been constructed on Maryland Route 32 near Savage,
Maryland that consists of two individual swales with different designs but nearly identical

roadway drainage areas. The monitoring location is the same as the previous study by Stagge
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2006 where two swales are constructed in the median of a four-lane (two in each direction)
limited access highway which receives runoff laterally from the southbound roadway lanes.
The first swale has a sloped grass pretreatment area adjacent to the roadway and the second
swale was identically constructed but without the pretreatment area. On each of these swales,
two vegetated check dams were installed. Both swales convey to an inlet where water flow
and quality measurements are made. Comparison between input vs output is done by having
direct as the input and swales as the output. Ten target pollutants that are considered as being
most problematic from highway runoff are monitored, specifically total suspended solids
(TSS), nitrate-N, nitrite-N, total Kjeldahl nitrogen (TKN), total phosphorus (TP), chloride
(CI), copper (Cu), lead (Pb), zinc (Zn), and cadmium (Cd). In total, 24 storm events were
analyzed over a period of 2 years. Since both swales convey to an inlet where water flow and
quality measurements are made, input vis- a-vis output study is done by having direct as the
input and swales as the output. A goal of sampling one storm event per month was
established.

Stagge (2006) investigated 22 storm events over a period of 1.5 years, with 18 storm
events containing associated pollutants data. His results showed significant peak reduction
(50-53%), delay of the peak flow (33-34 min) and reduction of total runoff volume (46-54%).
Statistically, the grass swales exhibited significant removals, represented by the Event Mean
Concentration (EMC) of total suspended solids (41-52%), nitrite (56-66%), zinc (30-40%),
lead (3-11%), copper (6-28%) and cadmium. Cadmium removal is difficult to quantify since
most of the effluents are below the detection limit. On the other hand, nutrients such as
nitrate, TKN and total phosphorus exhibited variable removal capabilities ranging from -1%

to 60%. The negative sign shows that the swales are actually exporting the pollutant into the
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runoff. The swales also exported chloride at a significant level (216 — 499 mg/L). Stagge
(2006) concluded that the pretreatment grass filter strip shows no significant water quantity
or quality improvement and that the swale itself is the most important treatment mechanism.

The focus of this study is to investigate the effectiveness of vegetated check dams on
swale performance. This study has four objectives. First is to study the overall efficiency of
grass swales with native check dams on roadway runoff pollutant removal and peak runoff
reduction. Second, is to examine at the effect of the shallow sloped grass pre-treatment area
adjacent to the grass swale. Third, is to compare the effectiveness of swales with native
check dams with swales that do not have any check dams. Research regarding the
effectiveness of swales without check dams was previously completed at the same site by
Stagge (2006). Fourth, is to provide a comprehensive literature review on grass swale
performance.

In order to reach those objectives, two hypotheses are made. First, the pretreatment
area prior to the grass swale is helping by slowing runoff velocities, providing more
infiltration into underlying soils and filtering out sediment and other pollutions. Second, by
having check dams within the grass swales, temporary ponding areas within swale will be
created, runoff velocity will be reduced and indirectly, the retention time will be increased
and eventually promote more infiltration through the soil and filtration through the grass
swale.

In short, this research will quantify the importance of the pretreatment area prior to
the grass swale and the importance of having check dams within the grass swales. It will then
assist the SHA in providing the best management practices adjacent to their highways in

order to manage stormwater runoff.
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Chapter 2
LITERATURE REVIEW

2.1 Stormwater Runoff Characterization

Highway runoff consists of major water quality constituents that are summarized in
Table 2-1 together with their common expected concentration. According to the National
Cooperative Highway Research Program (NCHRP 1999), the primary source for total
suspended solids is pavement wear and vehicle maintenance. Roadside fertilizer application
contributes to the amount of phosphorus, nitrate, nitrite and TKN in stormwater runoff. Most
chloride source comes from deicing salts, especially during winter. Tire wear, bearing wear
and lubricating oil and grease are the primary sources for copper, lead and cadmium, while
zinc comes from metal plating, engine parts and brake lining wear.

Table 2-1. Summary of the primary constituents of stormwater runoff and the typical
expected concentration.

Expected

Constituent

Concentration

Sources

Total Suspended

Solids (TSS)

Nitrate (total as N)
Nitrite (total as N)

45 - 798 mg/L
0.013 - 2.5 mg/L
0.306 - 1.4 mg/L

Barrett et al. (1995)
Barrett et al. (1995)
Barrett et al. (1995)

TKN 0.355 - 55.0 mg/L Barrett et al. (1995)

Chloride 20 - 400 mg/L Kaushal et al. (2005)
Phosphorus 0.113 - 0.998 mg/L Barrett et al. (1995)
Copper (Cu) 5-200 ug/L Dauvis et al. (2001)
Lead (Pb) 5-200 ug/L Davis et al. (2001)
Zinc (Zn) 20 - 5000 ug/L Davis et al. (2001)
Cadmium <12 ug/L Davis et al. (2001)
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APPENDIX 3-A2.1.1 TOTAL SUSPENDED SOLIDS (TSS)

Total suspended solids consist of particles that are suspended in water and can be
separated from water by a filtration process. Sources for TSS in highway runoff include soil
erosion, the road surface, pavement wear, vehicles, and atmospheric deposition. TSS is an
important water quality parameter because as TSS increases, the turbidity of the water will
increase and eventually block penetration of sunlight into the water. This will eventually
increase the temperature of water and decrease the levels of dissolved oxygen. In other
words, the photosynthesis process will be interrupted due to less sunlight. Therefore, less
oxygen is produced for aquatic organisms. According to the U.S Environmental Protection
Agency, TSS in any water body should not exceed 30 mg/L, which is the same as the

regulation that applies to most of the municipal wastewater treatment plants (DEQ 2007).

APPENDIX 3-B2.1.2 NUTRIENTS

Nitrogen and phosphorus are the two nutrients that are a major concern in stormwater
runoff. Nitrogen is derived from decomposing organic matter, animal waste, fertilizers and
atmospheric deposition. With the exception of atmospheric deposition, phosphorus comes
from the same sources (Schueler 1994). Excess nutrients in water can accelerate algae
production in the water bodies, known as eutrophication. Eventually, these algae die, sink to
the bottom and decompose. Decomposition will decrease the amount of oxygen in water due
to its oxygen consumption.

2.1.3 Chloride

Chloride is a negatively charged ion that can be found in deicing chemicals that are

applied on highways during the winter season to manage ice and snow problems. Common

deicing chemical compounds include sodium chloride (NaCl), calcium chloride (CaCl,) and
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magnesium chloride (MgCly). These compounds leave residues of chloride ions on the
highway surface (TFHRC 2007). Water with elevated amounts of chloride can affect some
aquatic life. For example, some fishes can only tolerate salt levels as low as 400 mg/L (Hanes
et al. 1970).

2.1.4 Heavy Metals

The sources of heavy metals in highway runoff are mainly ordinary wear of brakes,
tires and vehicle parts. According to the study done at Milwaukee and Cincinnati by
Sansalone et al. (1995), the amount of heavy metals in the environment has changed through
out the years. For example, the EMC values for lead in Milwaukee in the late 1970s and early
1980s are much higher compared to the EMC values for lead in Cincinnati in 1995. The
decrease was due to leaded gasoline that was banned by the government in 1995. On the
other hand, the EMC values for zinc in Cincinnati in 1995 are much higher compare to the
zinc in Milwaukee in the late 1970s and early 1980s due to the increased use of galvanized
and corrosion resistant automobile parts containing plating that includes Zn, and the used of
Zn in the manufacture of tires. These two places are comparable since both have an urban
setting and similar traffic volumes.

Since heavy metals have toxic effects on aquatic life and humans, the Maryland
Department of the Environment (MDE 2005) establishes aquatic toxicity limits that should
be used as a guideline for toxicity levels. Four heavy metals that will be monitored in this
project are zinc, copper, lead, and cadmium. The acute toxicity limits for zinc, lead, copper

and cadmium are 120 pg/L, 65 pg/L, 13 pg/L and 2 pg/L, respectively (MDE 2005).
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2.2 Grass Swale Mechanisms

Highway runoff seeps through the swale and soil through infiltration, percolation and
filtration. However, those processes are complicated since they depend on the condition of
the soils (permeability, hydraulic conductivity, moisture) and type of grass. The water quality
constituents are either dissolved or particulate bound. Particulate pollutants such as total
suspended solids usually can be removed by physical processes such as filtration by the
grass. The dissolved pollutants, such as metals, can be removed by biological means,
adsorption and phytoremediation.

Phytoremediation is a set of processes that uses plants to remove contamination in
groundwater, surface water and leachate (FRTR 2008). Therefore, a grass swale can act as a
media for phytoextraction to occur. In order for phytoextraction to occur, the contaminant
must be bioavailable. The contaminant should exist as free ions, soluble complexes or
adsorbed to inorganic soil constituents at ion exchange sites. For example, some metals such
as zinc and cadmium exist in exchangeable, readily bioavailable form but some metals such
as lead occur as soil precipitates (less bioavailable forms) (USEPA 2008).

2.3 Grass Swale Performance

This section focuses on grass swale performance towards removing pollutants.
Typically, grass swales performance depends on the swale design, swale length, flow rate,
particle size distribution and seasons. The study that compares the performance of grass
swales that includes check dams and grass swales without check dams will be discussed
separately in Section 2.4.

2.3.1 Total suspended solid (TSS)

Deletic (2005) summarized that efficiency of grassed areas in sediment removal

depends on the grass type (density and thickness of grass blades), terrain characteristics
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(slope, size and length in the flow direction), soil type (infiltration capacity, roughness),
sediment characteristics (size and density of particles), and rainfall characteristics (intensity
and duration). Most of the literatures shows that grass swales are very efficient in removing
total suspended solids, with Event Mean Concentration (EMC) removals reported as 69%
(Deletic and Fletcher 2006), 85% (Barrett et al. 1998), 79-98% (Backstrom 2002a) and 41-
52% (Stagge 2006).

Furthermore, Deletic and Fletcher (2006) discussed the results of controlled field tests
on a grass filter strip in Aberdeen, Scotland (5 m long with average longitudinal slope of
7.8%) and a grass swale in Brisbane, Australia (65 m long with average longitudinal slope of
1.6%). In both studies, TSS concentrations were recorded along the grass for artificial inflow
of water and sediment of different flow rates and sediment concentrations. The study in
Aberdeen focused more toward the performance of the grass filter strips relative to different
sediment particle size ranges from 0-0.58, 5.8-22, 22-57 and 57-180 um along the strip.
Inflow and outflow concentrations were recorded for one hour. The result shows that the TSS
concentration decreased along the grass strip in the form of an exponential decay, with the

smallest particles size having the lowest sediment concentration (Figure 2-1).
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Figure 2-1. Concentration of four composite sediment fractions along the Aberdeen grass

strip 60 min after the experiment started (Deletic and Fletcher 2006) (mic =
um).

In other words, swales trapped larger particles more efficiently than smaller particles
especially if the vegetation is thin. This phenomenon can be seen in the simulated runoff
event study by Backstrom 2003 (Figure 2-2) where particles larger than 25 um were retained

in the swale while particles range between 9 to 15 um were easily transported out of the

swale.
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Figure 2-2. Particle trapping efficiencies observed at the Sodra Hamnleden site (Backstrom
2003).
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The study in Brisbane placed more emphasis on treatment performance for TSS, total
phosphorus (TP) and total nitrogen (TN). The results indicate that the form of the exponential
decay is a function of flow. The higher the flow rate, the less sediment is deposited. With
higher flow rates, less time is available for filtration to occur and therefore, less deposition to

occur. This phenomenon is shown in Figure 2-3.
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Figure 2-3. Removal of TSS, TP and TN load percent as a function of flow rate; the
Brisbane swale (Deletic and Fletcher 2006).

Furthermore, TSS removal is also a function of influent suspended solids
concentrations (Backstrom 2003). The study was done on 110 m long grass swale located
along the roadside at Sodra Hamnleden, Lulea, Sweden. It seems that no significant removal
occurred in the swale when the influent concentrations of TSS were below approximately 40
mg/L. This agrees with Ellis (1999) since she also found out that small reduction of TSS
occurred if the inflow concentration was below 30 to 40 mg/L. The results of Backstrom
(2003) are compared to two other studies in Figure 2-4. From the figure, results of Lorant

(1992) and Backstrom (1998) shows that swales were effective (removal efficiencies more
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than 50%) when influent suspended solids concentrations are above 100 mg/L. The
Backstrom (1998) was done on a 70 m long trapezoidal swale in a residential area in Sweden
while the study in 2003 was done a 110 m long triangular swale along the roadside. Although
the influent loading rate is truly site specific, the influent water quality is still an important

site condition that influences the pollutant removal performance (Barrett et al. 1998).

X Bickstrom (1998) O Lorant (1992) A Sédra Hamnleden, Lule, Sweden‘

100
S X
= 50 m R &
2 0 &
N
s O TX
= A
-100
0 50 100 150 200 250 300

SS-IN (mg/l)

Figure 2-4. Reduction in Suspended Solids (SS) concentration at different influent SS
concentrations for three different studies (Backstrom 2003).

Seasonal effects also play an important role in swale removal efficiencies for TSS.
According to Walsh et al. (1997), during growing season, the combined filtering capacity of
the dead and live grasses in the swale helps to remove more suspended solids compared to
the dormant season. Besides that, Soderlund (1972) found that during winter season, less
suspended solids were trapped in a vegetated waterway compared to warmer seasons. The
change was from 75% reduction to only 30% reduction. This phenomenon occurs due to the
swale being covered by the snow and therefore, flow resistance and filtering effects are lower

compared to the rest of the seasons.
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2.3.2 Nutrients (nitrate-N, nitrite-N, total Kjeldhl nitrogen (TKN), total phosphorus (TP))

The removal of nutrients by swales varies widely. In some cases, swales tend to
export the nutrients into the runoff. This phenomenon occurred due to the vegetation itself or
fertilization that contributes to nutrient loads, particularly after mowing (Patron 1998).
Furthermore, nitrogen removal itself is a function of denitrification, biostorage (plant and
animal uptake) and changes in soil storage (Deletic et al., 2006). Phosphorus removal is
highly depends on physical processes that includes infiltration, deposition and filtration since
phosphorus is considered as particle-bound pollutants (Barrett et al., 1998; Rose et al., 2003).

In a study by Barrett et al. (1998), two grassed areas along a busy motorway in
Austin, Texas was monitored. Following are the characteristics of the grassed area: 15.8 m
and 17.2 m cross-section length, 1055 m and 356 m centerline length, 9.4 and 12.1% cross-
section slopes, and 1.7 and 0.73% centerline slopes. Measured pollutant reductions were
similar for both sites, which were 31-61% for total phosphorus and total nitrogen. Stagge
(2006) on the other hand, obtained variable removal capabilities ranging from -1% to 60%
for nutrients such as nitrate, TKN and total phosphorus.

Another study of swales adjacent to a highway in Florida by Yousef et al. (1987)
reports lower removal efficiencies than Barrett et al. (1998). It recorded that TP removal
efficiency was 25 and 30% for swales at Maitland and EPCOT, respectively. In the same
study, nitrogen removal is also low; averaging 11 and -7% respectively. The poor
performance for soluble materials is due to the relatively high hydraulic loading in these
study sites and therefore, the swales has less time for infiltration, filtration and deposition of
the pollutants to occur. However, having a high infiltration rate can allow a significant

impact on the removal efficiencies since Krecher et al. (1983) measured removal rates over
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99% for total phosphorus (TP), total kjeldahl nitrogen (TKN) and total nitrate (TN). The
grass swale received stormwater from a residential subdivision in Florida.

From Figure 2-3, it is clearly shown that removal of TN and TP for the grass swale in
Brisbane is not flow-dependent compared to the TSS removal in the same study. However,
this is not the case for natural conditions specifically for TP, since according to Ball et al.
(1998), most of TP will be attached to fine sediment. Therefore, the higher the flow rate, the
harder the pollutant to be removed from the swale and vice versa. In other words, to enhance
the physical removal processes for phosphorus, dense vegetation should be used so that the
orthophosphate that is already bound to the suspended sediment within the stormwater will
be removed by the physical processes. On the other hand, the results of TN in Figure 2-3 are
more acceptable since TN is often found to be in more soluble form in nature (Deletic et al.
2006).

2.3.3 Chloride (Cl)

Currently, there is no literature that compares the removal of chloride by grass
swales. However, chloride is still a major source of pollutant in stormwater runoff especially
during snow events and the snow-melting seasons. This agrees with results obtained by
Stagge (2006) where chloride was actually being exported at a significant level (216 — 499
mg/L) by the swales, especially during the winter season and snow-melting season. Chloride
adversely affects soil fertility by impacting soil structure and water transport through the soil
(Marsalek 2003). This agrees with Amrhein et al. (1992) where sodium ions (Na") may
replace Ca®* and Mg?* cations and leach out trace metals that may contaminate the

groundwater.
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2.3.4 Heavy metals (copper (Cu), lead (Pb), zinc (Zn) and cadmium (Cd))

Unlike organic compounds, the removal of metals from runoff is important since they
are not degraded in the natural environment. According to the study by Sansalone et al.
(1997), metals in urban roadway stormwater are either in the dissolved form or particulate
bound. Metals that are mainly in dissolved form are Zn, Cd, and Cu while Pb is mainly
particulate bound.

Kayhanian et al. (2007) analyzed highway runoff quality in California and concluded
that generally, large proportions of most metals are bound to particulate matter in runoff.
Lead has the highest proportion present as particulates (83%). This agrees with Sansalone et
al. (1997) where lead was found mainly particulate bound. Arsenic, cadmium, chromium and
zinc are between 60 and 65% in the particulate fraction and followed by copper and nickel
between 50 and 55%. Therefore, lead, cadmium, chromium and zinc are expected to be
highly removed since at least 50% of these metals can be effectively removed from runoff by
targeting the particulate fraction. The colloidal binding effect will also help to enhance the
removal. Colloidal binding is defined as the process where the metals complex or bind with
inorganic or organic components of the suspended solids or natural organic matter. The
complexation can affect the movement of the metals in the environment. For example, zinc
usually had a higher removal tendency compared to copper since colloidal binding for zinc is
lower than copper (Jensen et al. 1999). In other words, it is easier to remove zinc because
copper has a high affinity to bound to dissolved organic complexes and colloids. Elliott et al.
(1986) and Narwal and Singh (1995) also observed greater sorption affinity for Cu than for

Zn on different types of mineral soils with varying amounts of organic compounds under
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acidic conditions. They also found out that increased levels of organic compounds limited the
mobility of both metals, especially Cu.

Furthermore, Yousef et al. (1987) indicates that the removal of metals by swales will
be greater for species that are present as charged ions. In this case, adsorption onto particles
is the important removal mechanism. The particles are subsequently removed by
sedimentation.

The metals EMC values vary between each study. For example, Barrett et al. (1998)
measured reductions of 68-93% for Zn and Fe; 68-93% for Pb. Stagge (2006) obtained lower
reduction, between 30-40% for Zn, 3-11% for Pb and 6-28% for Cu. Kretcher et al. (1983)
measured a removal rate over 99% for Pb. The high reduction was due to high infiltration
rates on the site. The study at the Sodra Hamnleden site (Backstrom 2002b), also had Zn as
the highest removal rates. However, the swale at Sodra Hamnleden site acted as a source for
Cu, Pb and Zn during low influent concentration events. Specifically for Cu, the
concentrations of total and dissolved copper were lower in the road runoff compared with
swale runoff for all events. The EMC values for dissolved copper were two to four times
higher in swale runoff than in road runoff. In this case, a pool of colloidal copper must had
accumulated in the swale prior to the research and was released from the swale during the
study. Again, this result reinforces the fact that Cu had a high tendency to bind with organic
matter in the soils and tends to be released throughout time.

Seasoned variations also affect the removal efficiency of metals by grass swales. The
study by Backstrom (2003) at three grassed swales in central Lulea, Sweden during the melt
period (March-April) 2000 indicates that total metals are retained to a large degree in a snow-

covered swale (78-99% removal). The results of the study are in Table 2-2.
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Table 2-2. pH, suspended solids (SS) and metal concentrations in snow and snowmelt in 3
roadside swales in Lulea (March-April 2000) (Backstrom 2003).

Total Dissolved

pH SS (mg/l) Cu(ug/l) Pb(ug/ly Zn(ug/l) Cu(ug/l) Pb(pg/l) Zn(ug/l)

Site A Bodenv.  Snow 6.91 1,800 214 212 525 478 0177 136
2000-03-29 Melt water  6.89 13 16.3 244 334 7.00 0.105 18.0

Reduction - 99% 93% 99% 94%  -46% 41% -32%
Site BHertsév.  Snow 6.69 1,000 837 559 275 1.43 0.137 135

2000-04-10 Melt water  6.70 12 5,00 1.93 605 1.84 0.097 56.7

Reduction 99% 94% 97% 78%  -29% 29% -320%
Site C Lulsundet Snow 6.99 5,400 520 189 1240 2,00 0.143 6.37
2000-04-10 Melt water ~ 7.03 240 219 743 728 3.28 0.090 16.0

Reduction - 96% 96% 96% 94% -64% 37% -151%

2.4 Performance of Grass Swale with Check Dams

Addition of check dams on grass swales could attenuate the runoff flow, provide
ponding behind the check dams and further enhance infiltration and settling by temporarily
blocking the flow of water. These will eventually promote pollutant removals. At this point,
very limited information is available looking at the effects of check dams on swale
performance.

A study by Kaighn and Yu (1996) shows that pollutant removal was impacted more
by the presence of check dams rather than changes in slope. The study was done between
grass swales with check dams and grass swales without check dams, but having equal length
and having different slopes. Yousef et al. (1985) also agrees that incorporating check dams in

swale design would have a significant impact on pollutant removal performance.
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Furthermore, the study by Yu et al. (2001) consists of field tests on grass swales in
Taiwan and Virginia. In Taiwan, the swale is 30 m long with a 1% longitudinal slope. It has a
midpoint triangular weir that acts as check dam. The test was done with and without the
midpoint check dam by using synthetic runoff. In Virginia, the swale is 274.5 m long, 3%
longitudinal slope and check dams at 175 m and 237.5 m from swale inlet. The swale is
known as Goose Creek swale (GC) and it receives runoff from State Route 7. The results of

both sites are listed in Table 2-3.

Table 2-3. Pollutant mass removal for total suspended solids (TSS), chemical oxygen
demand (COD), Total nitrogen (TN) and Total Phosphorus (TP) (Yu et al. 2001).

Mazz Femovwval (%)

Length
Experiment (m) Tss CcOD TN TP
TA check dam 15 75.2 557 242 412
outlet 30 69.7 62.9 209 76.9
TB check dam 15 74.4 48.0 13.6 34.0
outlet 30 86.3 45.6 231 581
TC outlet 30 477 339 20.0 50.3
D outlet 30 67.2 427 13.8 288
GC upper 238 297 NT NT 734
GC lower 99 972 NT NT 96.8
&C entire swale 2745 940 NT NT 08.6

Note: “T" designates Tarwan Swale; “GC™ designates Virgima Swale;
NT = not tested.

From Table 2-3, four scenarios (TA, TB, TC and TD) were tested on the Taiwan
swale. TA and TC were conducted at a higher flow rate (4.0 x 10° m*s) and TB and TC are
conducted at lower flow rate (0.9 x 10° m*/s). For both flow rates, the mass removal at the
outlet with the check dam is higher compared to the outlet without any check dam. However,
the lower flow rate scenario produced higher mass removal since the detention time is almost

double compared to the higher flow rate. This shows that the check dam helps to remove the
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pollutants since it increased the detention time and allowed more time for the runoff to be
filtered by the grass and infiltrate into the soils that eventually reduced the runoff volume.

For the results from the Virginia swale, it seems that the lower section and the entire
swale showed better performance compared to the upper section. This shows that the length
of the swale and the amount of check dams play an important role in increasing mass
removals.

Besides that, the Virginia swale was also able to infiltrate larger volumes of runoff
compared to other swales. With the presence of two check dams and the long swale,
complete captured events will occur for storms less than approximately 12.7 mm total
precipitation. However, for a shorter swale (30 m), complete captured events will occur from
storms with less than 5 and 7 mm total precipitation (Kaighn and Yu 1996).

2.5 Grass swale specification design for pollution control

There are a few important parameters of grass swale that could help to increase the
performance of the swale. Those parameters are: swale length, slope, flow velocity and
residence time. Moreover, from Section 2.4, it is clearly shown that by incorporating check
dams in the grass swale design, it will help to increase the swale performance. Ferguson
(1998) proposed some empirical design criteria such as the water velocity should be less than
0.15 m/s, swale length should be at least 60 m and residence time in the swale should be at
least 9 minutes. Furthermore, Yu et al. (2001) combined results of eight studies in the
literature to demonstrate the theoretical relationship between swale design characteristics and
pollutant removal of TSS and TP (Urban Best Management Practices 1994, 1996; Yu et al.
1994; Kaighn and Yu 1996). Both pollutants were chosen since usually regulations are

written in terms of sediment and phosphorus removal.

E-28 10/21/2008



Figure 2-5 shows that the rate of removal reaches a plateau when swales are longer

than approximately 75 m regardless of slope. However, having a maximum longitudinal
slope of 3% will produce removal efficiency more than 50%. In Figure 2-6, TP shows no

trend between length and slope. This reemphasis the fact that swales generally are not

considered efficient for nutrients removal.
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Figure 2-5 The relationship between swale total suspended solids removal efficiency, length

and slope (Yu et al. 2001). *Curves are meant to show estimated trends.
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Regarding the residence time factor, there is no clear break point time at which the
swale will perform the best, but we do know that the particle trapping efficiencies increased
exponentially with residence time (Yu et al. 2001).

Interestingly, the ratio between swale area and contributing impervious area could
also predict the removal (%) for suspended solids and zinc. The results combination from the
full-scale study at Sodra Hamnleden, together with results from three roadside grassed swales
in USA (Barrett et al. 1998) and Canada (Lorant 1992) concluded that the ratio should
approach 1 in order to have high pollutant removals (>75%) for suspended solids and zinc
(Backstrom 2003).

2.6 Pollutant mass loads during rain events.

Pollutant mass loads are another parameter that is more useful than pollutant
concentration (EMCs), since it gives more insight on the long-term performance of a grassed
swale area rather than each individual event. For example, at the Sondra Hamnleden site, the
overall mass load reduction for suspended solids was 70% even though negative removals
were observed during several rain events (Table 2-4). The calculations are based on four rain
events with a total precipitation of 47.4 mm. Copper and zinc had a lower overall mass load

reduction compared to suspended solids, which are 34% and 66%, respectively.

Table 2-4. Total mass flows of water and pollutants at Sodra Hamnleden site

(Backstrom 2003).
Water  Suspended solids Copper Zinc
(m?) (kg) Total (g) Dissolved (g) Total (g) Dissolved (g)
From road to swale 19 2.1 0.56 0.11 2.2 0.59
From swale to recipient 8.7 0.63 0.37 0.15 0.73 0.20
Load reduction (%) 54 70 34 -27 66 66
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2.7 Toxicity of urban highway runoff with respect to storm duration.

It is important to know the toxicity of urban highway runoff with respect to storm
duration, especially to the aquatic species in the receiving water body. Kayhanian et al (2008)
indicated that toxicity varies throughout the storm events for both freshwater and marine
species toxicity tests. In the same study, Kayhanian et al (2008) found that generally the
concentrations of dissolved and total copper and zinc are substantially higher during the early
portion of the runoff, which correlates well with the observed first flush toxicity effects.
Furthermore, Kayhanian et al (2008) identifies a method published by USEPA called
Toxicity Identification Evaluations (TIES) which basically identifies toxicity in water. The
results for TIEs in this study indicated that copper and zinc are the primary cause of toxicity
in about 90% of the samples evaluated with these procedures. In some cases, the greatest
degree of toxicity was observed during the early stages of a storm event when lower runoff
volume was discharged. The study also found out that in most cases, more than 40% of the
toxicity was associated with the first 20% of discharged runoff volume and on average, 90%
of the toxicity was observed during the first 30% of storm duration.

The study by Stagge (2006) shows that although the input runoff shows high initial
concentrations of zinc and copper, when analyzed in terms of first flush mass delivery, it is
nearly constant for both metals. This suggests that dissolved zinc and copper are the

predominant species initially and therefore, both metals do not exhibit first flush trends.
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Chapter 3
METHODOLOGY

3.1 Site Description

The research site has been constructed on Maryland Route 32 near Savage, Maryland
— Exit 38A (1-95N). It is located just south of the VVollmerhausen Road over pass (Figure 3-
1). The site consists of two individual swales with different designs but nearly identical
roadway drainage areas. The monitoring location is the same as the previous study by Stagge
(2006), where the two swales are constructed in the median of a four-lane (two in each
direction) limited access highway which receives runoff laterally from the southbound
roadway lanes (Figure 3-2). The only condition that differs from Stagge’s (2006) study is that

two check dams are installed within each of the swales.
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Figure 3-1. Route 32 grass swale research site (credit to: www.maps.google.com).
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Figure 3-2. Diagram of site layout (Maryland Route 32). The arrows represent the highway

runoff.
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Each check dam was installed using three staggered row of Panicum Virgatum
‘Heavy Metal’, a sturdy plant that will remain standing either in heavy rain or snow. There
were planted 12 inches (0.31 m) on center with 26 plants total. All check dams were
constructed with identical cross-section design with a 2 ft (0.61 m) bottom width and side
slopes of 3:1 and 4:1 on either side of the swale. Each check dams is 3 feet wide. Figure 3-3
shows typical sections of the check dams that were installed on the swales.

The vegetation covers that were used for the grass swale and the pretreatment area
consist of 90% tall fescue, 5% Kentucky bluegrass and 5% perennial ryegrass. The top soils
of the swales had an organic content between 1.5-10% by weight and a pH value between 6.0
and 7.5. The grading distribution of the soil (by weight) is 20-75% sand (2.0-0.05 mm), 10-

60% silt (0.050-0.002 mm) and 5-30% clay (less than 0.002 mm).

Panicum virgatum 'Heavy Meta! Panicum virgatum Heawy Metal |
3 Staggered Rows ' Planted 12 On Center |
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: \
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Figure 3-3. Vegetative check dam typical section (Maryland Route 32).
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The first swale is constructed based on Maryland Department of the Environment
(MDE) guidelines, with a sloped filter strip between the roadway and the swale channel. The
filter strip is 15.2 m wide with a 6% slope on the southern side of the MDE swale. The
distance between the two check dams on MDE swale is about 60.5 m (199 ft).

The second swale, to the north, known as the SHA swale was identically constructed
but without the pretreatment area. The distance between the two check dams on the SHA
swale is about 59.8 m (196 ft).

The third sampling area is a concrete channel that collects runoff sample directly
from the highway located south of the swales. By having this third sampling point,
instantaneous flow input and water quality from the highway surface can be obtained for
comparing performance purposes.

All three sampling points had essentially identical roadway drainage areas. Specific
design characteristics for those sampling points are listed in Table 3-1. These characteristics
are similar with Stagge (2006) except for swale area for the SHA. Both grass swale area were
checked and it seems that the swale area for SHA is 0.312 ha instead of 0.169 had. Therefore,
the new area is used for all the calculations. Figure 3.4 — 3.6 present photos of the swales

with check dames.

Table 3-1. Design characteristics for three sampled channels.

SHA Swale MDE Swale
Direct | with Check Dams with Check Dams
Roadway Area (ha) 0.271 0.224 0.225
Swale Area (ha),As 0 0.312 0.431
Total Area (ha),At 0.271 0.393 0.656
Channel Material Concrete Grass Grass
Channel Slope 0.2% 1.6% 1.2%
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Figure 3-5. Vegetated Check Dams on MDE Swale, Maryland Route 32
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(October 2007).

Figure 3-6. Close up of Vegetated Check Dams on MDE Swale, Maryland
Route 32 (after storm event) (December 2007).

3.2 Monitoring Equipment and Protocol

Sampling occurs at a 125° V-notch wooden weir located at the end of each swale and
the concrete channel. The flow rates were recorded by ISCO Model 6712 Portable Samplers
and rainfall data was recorded by an ISCO 674 Tipping Bucket Rain Gauge with 0.0254 cm
sensitivity in 2 minutes increments. Details of the sampler can be found in Stagge (2006).
Table 3-2 indicates the sampling time for each sampling point with an emphasis on collecting
more samples in the early portion of the storm event. However, the direct sampling was
lengthened accordingly since there are a few hours of time lag before grassed swales trigger

due to initial abstraction and infiltration.
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Table 3-2. Sampling times for storm events at Route. 32

Time Frame
Sample Direct Both Swales
1 zero minutes | zero minutes
2 20 minutes 20 minutes
3 40 minutes 40 minutes
4 1 hour 1 hour
5 1 hr 20 min 1 hr 20 min
6 2 hr 1 hr 40 min
7 2 hr 40 min 2 hr
8 3 hr 20 min 2 hr 20 min
9 4 hr 20 min 2 hr 40 min
10 5 hr 20 min 3 hr 40 min
11 6 hr 20 min 4 hr 40 min
12 8 hr 6 hr

In August 2007, the housing of the portable sampler for the SHA swale was hit in an
accident and the new housing was installed on site in September 2007. However, in order to
avoid another accident, both samplers (SHA swale and MDE swale) were installed closer
towards the southbound lanes of Route 32 rather than the northbound lanes. Nonetheless, this
does not affect sampling data.

All samples were collected within 24 hours of a storm event and transported to the
Environmental Engineering Laboratory, College Park, MD. TSS and nutrients analyses are
immediately processed; 100 mL of sample was preserved for metal analyses using six drops
of concentrated trace level HNOs;and a 200 mL sample was preserved for TKN analysis
using 12 drops of concentrated H,SO,4. Metal digestion was completed within two weeks and

analyses were carried out within 6 months.
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3.3 Analytical Methodology & Procedures

All analyses were performed according to Standard Methods (APHA et al. 1995).

Tables 3.3 summarize the analytical methods that were used to determine the pollutant

concentration from highway runoff on Route 32 during storm events and the detection limit

of each method. Further details can be found in Stagge (2006).

Table 3-3. Summary of the Analytical Method and detection limit for each analysis

Standard Method (APHA et al. Detection
Pollutant 1995) Limit (mg/L)
Total Suspended Solids
(TSS) 2540 D 1
Total Phosphorus 4500-P 0.24
Total Kjeldahl Nitrogen
Copper 3030 E 0.002
Lead 3030 E 0.002
Cadmium 3030 E 0.002
Zinc 3030 E 0.0025
Chloride Dionex DX-100 ion chromatograph 2
Nitrate Dionex DX-100 ion chromatograph 0.1as N
Nitrite 4500-NO, B 0.0las N

3.3.1 Total Suspended Solids (TSS)

Standard Method Section 2540 D (APHA et al. 1995) was used to analyze TSS.

Glass-fiber filters with 47 mm diameter (Pall Corporation) and the aluminum dish were pre-
weighed. 70 mL from each sample were filtered through the glass fiber filter, placed on the

aluminum dish and left to dry in the oven for 24 hours (103° — 105°). Then, both the dried

filter and the aluminum dish were weighed again to determine the total suspended solids.

3.3.2 Phosphorus
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Standard Method Section 4500-P (APHA et al. 1995) was used. This analysis consists
of two parts: 1) Persulfate Digestion Method 2) Stannous Chloride Method. The first part is
critical since it converts all forms of phosphorus into dissolved orthophosphate. The second
part determines the concentration of the dissolved orthophosphate by a colorimetric method.
Ammonium molybdate was used since it reacts under acid conditions to form
molybdophosphoric acid. It was then reduced by stannous chloride to intensely colored
molybdenum blue. Finally, the intensity of the blue colored molybdenum was measured
using a Shimadzu model UV160U spectrophotometer at 690 nm. Samples absorbances were
compared against absorbance obtained from the standard concentrations of 0.24, 1.2 and 3
mg/L as P. All standards were prepared by using 1000 mg/L stock solution (Fisher
Scientific).

3.3.3 Nitrite

Standard Method Section 4500-NO," B (APHA et al. 1995) was used. It is a
colometric method where a reddish purple azo dye color develops upon mixing the filtered
samples with the indicating reagent. The absorbance of each sample was measured
spectrophotometrically (Shimadzu model UV160U) at 543 nm. Samples absorbances were
compared against absorbance obtained from the standard concentrations of 0.02, 0.08, 0.12,
0.24 mg/L as N. All standards were prepared by using 1000 mg/L stock solution (Fisher
Scientific).

3.3.4 Nitrate and Chloride

Both analyses were performed using a Dionex ion chromatograph (model DX-100)

via injection of 5 mL of sample into a 1.3 mM sodium carbonate/1.5 mM sodium bicarbonate

eluent. Samples were compared against standard concentrations of 0.2, 0.4, 1.0, 1.4, 2.0
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mg/L as N and 1, 3, 5, 8 mg/L CI'. All standards were prepared by using 1000 mg/L stock
solution of nitrate and chloride.
3.3.5 Total Kjeldahl Nitrogen (TKN)

Standard Method Section 4500-Norq (APHA et al. 1995) was used. The Kjeldahl
method determines nitrogen in the trinegative state and the term “Kjeldahl nitrogen” was
applied to the results because ammonia nitrogen was not removed in the initial phase of the
analysis. Three main steps were involved: 1) digestion of the sample 2) distillation of the
digested sample 3) titration of the distilled sample. .

3.3.6 Cadmium, Copper, Lead and Zinc

Standard Method Section 3030 E (APHA et al. 1995) was used. First, 100 mL
samples were digested using nitric acid digestion. Then, cadmium, copper and lead were
analyzed on the furnace module of a Perkin EImer Model 5100 ZL (Zeeman Furnace
Module) atomic absorption spectrophotometer. Zinc was analyzed on the flame module of
the same instrument. Standard concentrations that were used for the furnace model range

from 4 pg/L to 50 pL and for the flame model range from 0.05 mg/L to 0.7 mg/L.

3.4 Quality Assurance (QA) and Quality Control (QC)

All glassware was acid washed with 0.1 M HNO;3 and cleaned using deionized water.
Field blanks were collected once every 4 monitored storms in order to make sure that no
contamination occurred on site that can affect the samples. Blanks were created by pouring
deionized water in a cleaned bottle at the time of sample collection and the exact same
analyses were run on the field blanks for all pollutants. Results of those blanks were low

enough to be considered negligible for the samples.
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In order to check the calibration curves for all of the analyses, standard concentrations
were checked regularly. In cases where the data were below the method detection limit
(MDL) (Table 3.3), the constituent will be indicated as having less than the detection limits
when listed and if any statistical procedures are involved; half of the detection limit is used.
This agrees with the US EPA recommendation where if less than 15 percent of all samples
are nondetected, the MDL/2 approach should be used; but these simple substitution methods
tend to perform poorly in statistical test when the nondetect percentage is substantial
(Gilliom and Helsel 1986).

3.5 Flow Calculation

Swale flows were monitored by using a bubble flow meter that records the depth
behind a thin wooden plate VV-notch weir at each sampling point. For accuracy purposes, the
bubbler modules were zeroed before every storm to ensure the same datum was used for
every storm. Usually the height measurement showed minimal variation with time. The
sampler is triggered when the water behind the weir reaches 0.1 ft. At that point, the sampler
will be enabled, flow measurement will be recorded and samples will be collected.

According to ASTM standards (2001), the flow rate over a triangular weir is determined by:

1/2 5/2

8 0
Q :E(Zg) Ce tan(E)(He) (3-1)

where C, = discharge coefficient
o = effective head
g =gravity
= angle of the V-notch
Effective head, He, is the measured water head above the weir notch (in meters) plus

adjustment for the combined effects of viscosity and surface tension for water at ordinary
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temperatures (4 to 30°C). In this study, the adjustment is considered negligible and therefore
can be neglected since the angle of the V-notch is large (ASTM 2001). Each V-notch weir
angle is 125° and a C value of 0.585 (ASTM 2001) was used for all calculations. With that,
equation 3-1 simplifies to be:
Q.o =2.65H,°"° (3-2)

The design criteria (ASTM 2001) recommend measuring the head, He at a distance of
4 times the maximum head in order to eliminate the drawdown effect and to ensure that the
velocity head is negligible. Due to physical limitations, the location of the bubble line where
the head was measured is located exactly adjacent to the weir. Therefore, Stagge (2006)
developed a relationship between head at the weir, Hyeir and He by using Bernauli’s equation
and the physical geometry of the weir opening. As a result, the calculated flow through the
weir is:

5/2

Q =2.65(1.2276H ;) (3-3)

By using the method of estimating the total percentage error of a flow measured by a VV-notch

in ASTM 2001, Stagge (2006) found that the estimated error for this study is 3%.

3.6 Hydrology Data Evaluation and Calculations

A mass balance and a flow balance around the swale are used as tools to accurately
model the hydrology and pollutant concentrations within the swales. Both mass and flow
input output varies with respect to time. The flow balance and mass balance are pictured in

Figure 3-7.
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D(t) = i(t) Ar l Crain ()

QW
R() = Cri(t) A N
- Grass Swale Cawate (t)
Croad (t)

| (t) l Cswale (t)

Figure 3-7. Grass swale mass and flow balance model.

where,

D(t) = Flow from rainfall directly into swale (L/s)
Q(t) = Flow leaving the swale (L/s)

I(t) = Infiltration into the swale media (L/s)

R(t) = Runoff from the highway (L/s)

Cr = Highway runoff coefficient

i (t) = Rainfall intensity (m/hr)

Ar = Drainage area of the roadway surface (m?)

Crain (1), Croad (t), Cswate (t) = Pollutant concentration in the rainfall, roadway flow and
swale

From Figure 3-7, the flow balance (Equation 3-4) around the swale is derived:

R(t) + D(t) - 1(t) = Q(t) (3-4)
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APPENDIX 3-C3.6.1 INFILTRATION THROUGH THE SWALE

In this study, one of the swale inputs is from direct precipitation of rainfall on the
swale. For comparison purposes, it is important to exclude the rainfall on the swale from the
discharge of the swale. Without subtracting the rainfall on the swale, there will be differences
in the input flows for each channel due to the differences in total drainage area causes by the
additional area of the swales. By excluding the rainfall, direct comparison can be made
between the quality and quantity of the highway runoff collected at the three sampling points
since we are assuming that the grass swale receives water only from roadway surfaces.
Therefore, we need to take into account how much water from the rainfall infiltrates into the
ground and how much becomes runoff that goes out as the flow of the swale. Infiltration
through the swale will start soon after the rain starts, up to the point where the ground is
saturated. At that point, any rainfall that falls on the swale will become overland flow. This
phenomenon is called saturation-excess overland flow and can be derived from the Horton
equation. The amount of water that infiltrates into the ground is called the maximum

infiltration capacity, given by the Horton equation (Hornberger et al. 1998):

-t/K

fra =T (f, — e (3-5)
where,
fmax = maximum infiltration capacity of the soil
fo = initial infiltration capacity
fe = final infiltration capacity
t = elapsed time from start of rainfall
K = decay time constant
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In this study, the maximum infiltration capacity of the soil, fax is obtained from the
relationship between the total rainfall depth for 23 storm events and duration of the storms.
These events are shown in Figure 3-8. Among these 23 storm events, only 13 events
produced flow from the swales and the remaining 10 events are considered complete
captured events since no swale flow was produced. Complete captured events also indirectly
indicate that all rainfall infiltrates into the swale. Therefore, the relationship between the
rainfall depth and duration for the complete captured events will provide the threshold
amount of rainfall that can be infiltrated into the swale (fmax). Any rainfall above the
threshold will be considered as overland flow which eventually will be part of the swale flow
that needs to be excluded from the discharge of the swales. Details about this relationship

will be discussed further in Section 4.2.1.

APPENDIX 3-D3.6.2 TOTAL GRASS SWALE DISCHARGE, QswaLe (EFFECTIVE
FLOW)

The grass swales discharge consists of the direct rainfall on the swale and the runoff
from the highway. However, the direct rainfall will only be part of the discharge after the
cumulative rain depth for that specific storm reaches the maximum infiltration capacity of the
soil, fmax calculated from Equation 3-6. The additional rain after that point is assumed as

overland flow (L/s) which is calculated by:
Qoverlandflow = I(t) * As (3'6)
The swale area, As for SHA is 0.312 ha and for MDE is 0.431 ha. Since the rainfall is

continuous and the rain gauge reading is collected every 2 minutes, it is hard to calculate the

instantaneous rainfall flow at a specific moment. Therefore, Qoveriangfiow IS Calculated by using
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a moving average flow where the rainfall (i(t)) is combined into 10 minutes intervals. In
other words, the i(t) is the average rainfall intensity for every 10 minutes. By this way, it also
helps to smooth the hydrograph.

Typically, there is a lag time between the peak of the rain and the peak flow of the
swale. This is because the rainfall and the highway runoff need time to travel through the
swale before it reaches the weir, and from a few observations of the storms, it takes about 10
minutes for the water to travel through the swale and reaches the weir. In other words, the
travel time is assumed to be 10 minutes. Therefore, the Qoverlandfiow 1S 1agged for 10 minutes
before being subtracted from the flow calculated by the weir from Equation 3-1. The result is

called the total grass swale discharge, Qswale:

stale = Qweir - Qoverlandflow (3-7)

This method only allows comparison of inflow and outflow with respect to time but it
does not allow any instantaneous analysis of infiltration. Besides, the threshold line for
infiltration capacity obtained is only valid for the duration of storms that are covered in this
study (up to 12 hours). For simplification purposes, Qswaie Will be referred as Effective Flow

in the discussion later.

APPENDIX 3-E3.6.3 TOTAL STORM VOLUME
The total storm volume for the direct runoff and the swales are calculated by

integrating the flow over the storm duration:

Vdirect = J.Qweir (t)dt (3'8)
szale = stwale (t)dt (3-9)
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Where V represents the total volume (L) and T4 represent the duration of the storm event.

3.7 Pollutant Data Evaluation and Calculations
The mass balance around the grass swale is important in order to evaluate the water
quality of the highway runoff. The mass balance includes pollutant concentration as a

function of time (Figure 3-7, Equation 3-4):

R(E)C e (1) + D()C gip (1) = (1) Cpare (1) + T (1) = Q()C o () (3-10)
The term T(t) represents the grass swale treatment term that includes the sum of processes
that occurs within the grass swale, such as sedimentation, filtration, absorption and
resuspention of sediments or pollutants. A positive T(t) indicates an export of pollutants but a
negative T(t) indicates removal of pollutants. For simplification, the pollutant concentration
from the rainfall is assumed to be negligible compared to the pollutant from the roadway

surface. Equation 3-10 is therefore simplified to:
R(t)croad (t) - I (t)CswaIe (t) +T (t) = Q(t)cswale (t) (3_11)

APPENDIX 3-F3.6.1 TOTAL MASS LOAD

The total mass in the flow that is leaving the sampling points is calculated as:

M = T'wieiert (3-12)
Where C represent the poIIutaOnt concentration either in swale flow or from the roadway. By
taking the integral for each term in Equation 3-12, the total mass measured leaving the swale
is:
=M 020 = M sitration T M reament (3-13)

swale road

E-48 10/21/2008



APPENDIX 3-G3.6.2 EVENT MEAN CONCENTRATION (EMC)

Event mean concentration is a statistical parameter representing the flow-weighted
average of a desired water quality parameter during a single storm event (Wanielista and
Yousef 1993). The concept behind this parameter is as if all runoff from the drainage area
were collected in a large tank during a storm, the pollutant concentration in this tank would
correspond to the EMC. In this study, sequential discrete samples are collected; the EMCs
values are determined by calculating the cumulative mass of pollutant and dividing it by the
volume of runoff (area under the hydrograph):

Td
J.CQweirdt
_ 0
EMC = Z— (3-14)
J.Qweirdt
0o
Pollutant concentrations among various events are compared by using the EMC since it
represents a single mean concentration. Both data from the current research and the previous
research by Stagge (2006) will be compared using this parameter in order to see the benefits

of having check dams on the swales.

APPENDIX 3-H3.6.3 EFFECTIVE EVENT MEAN CONCENTRATION (E-EMC)
Normalization of the event mean concentration is done in order to take into account
the dilution effect of the rainfall onto the highway runoff. It is simply done by dividing the

mass of the swale with the total volume of the swale after eliminating the excess rainfall:

Td
Mass .[Qweif (t)Cswale dt
E - EMC = swale 0

Volume —Volume

(3-15)

swale

_ L]
rainf all J'stale (t)dt
0
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Both EMC and E-EMC are important because EMC shows the actual field-based pollutant
concentration that will impact the receiving water body while E-EMC describes the true
removal capability of the swale by taking into consideration the dilution effects.

Since the direct channel has no impervious area, no dilution took place. Therefore,
swale E-EMCs can be compared to the direct channel EMCs for water quality comparison

purposes. Differences between the two represent the treatment process, T(t) of the swale.

3.7 Statistical Analysis

Statistical analyses are very important to clarify three hypotheses that are made for
the study which are:

1% Hypothesis: Either grass swale with check dams is making statistically significant
improvement on the hydrology or the water quality.

2" Hypothesis: The inclusion of grass pretreatment area prior to the grass swale makes
statistically significant difference in the hydrology or the water quality.

3" Hypothesis: Either grass swale with check dams is making statistically significant
improvement on the hydrology or the water quality compared to grass
swales without check dams (Stagge 2006).

All data collected from the direct concrete channel are considered input and all data
collected from the SHA and MDE swales are considered output. Direct comparisons are
made since the highway drainage areas of the three sampling points are identical and all
rainfall that falls directly on the swales is eliminated from the calculation. Comparisons are
made between input and output in order to clarify whether the data collected fulfill the three
hypotheses mentioned above.

3.7.1 Overall Statistical Analysis Procedure
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Two tests are used to clarify the hypotheses: Dixon-Thompson Test and Mann-
Whitney U Test. These tests are considered paired tests, where the values for each input and
output for each storm event are paired in order to see the performance of the swales. Similar
with Stagge (2006), all data collected from each storm events are considered as random
populations and the data that can be compared in these tests consist of total mass, EMC, E-
EMC, peak flow and total volume. Each of the tests will be further explain in Sections 3.7.2
-3.7.4.

Table 3-4 summaries the list of tests performed to the paired variables, the purpose of
each test and the hypothesis of each test.

Table 3-4. Summary of the statistical tests used to identify outliers and significant different

between two populations.

Step Test & Purpose Hypothesis

1 Dixon-Thompson Test

- Identify and possibly remove outliers | Ho: All points are from the same

for both Acp and Bep population.

(McCuen 2003) Ha: The most extreme point is not from
the same population.
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2 Wilcoxon-Mann-Whitney Signed-

Ranks Test Ho: HsHA-cD = UDIRECT
Ha: UsHA-cD # UDIRECT
- Determine if both data came from
the same population. Ho: UMDE-cD = UDIRECT
Ha: umpe-co # UDIRECT
(Siegal and Castellan1988)
Ho: UsHA-cD = UMDE-CD
Ha: UsHA-cp # UMDE-CD

Ho: UsHA-cD = UsHA
Ha: UsHA-cD # HsHa

Ho: UmDE-cD = UMDE
Ha: UMDE-cD # IMDE

The first step is important for justification of the assumptions used for the second test.
The information will be helpful if decisions need to be made on which test is more applicable
in case of disagreement in the analyses. The second step compares the performance between
the swales with check dams and also between the swales without any check dams from
Stagge (2006). Further explanation on why these tests are chosen can be found in Stagge

(2006).

3.7.2 Dixon-Thompson Test for outliers

The Dixon-Thompson test is used for detecting outliers on the extreme; either the
highest or the lowest value. This test is suitable when the sample size (n) is between 3 to 25
observations. The data is ranked in ascending order, and then based on the sample size the
tau (1) statistic for the highest value or the lowest value is computed. The equations used to

compute the tau statistic are tabulated in Table 3.5.
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Table 3.5 Equations for calculating outliers in Dixon-Thompson Test (McCuen 2003).

Sample size, n Highest Value Outliers Test Lowest Value Outliers Test
3to7 X, =X, X, =X,
T=—7"-"— T=—""—
Xn_Xl Xn_Xl
81010 X, =X, X, =X,
rT=— rT=—
Xn_xz Xn—l_xl
11to 13 X, =X, X3 =Xy
rT=—"—— T=—"—"_-
Xn_XZ Xn—l_xl
14t0 25 X, =X, , X, =X,
T=—- rT=—
Xn—X3 Xn_z_xl

The tau is then compared to a critical value (o) at 5% level of significance in McCuen
(2003). If the tau is less than the critical value, the null hypothesis is not rejected and that
point is not considered as an outlier. If the tau is more than the critical value, the null
hypothesis is rejected and that point is considered as a candidate outlier. However, the
outlier candidate can only be removed from the data set in this study if there is some physical
reason for the abnormally high or low value, such as an abnormally intense storm. If the
point is considered as an outlier, it is then removed from the data set and all subsequent
calculations.

3.7.3 Wilcoxon-Mann-Whitney U Test

Wilcoxon-Mann-Whitney U Test is a nonparametric test that was used in order to

evaluate the significant difference between two populations. Table 3.4 list five main cases

that are being evaluated. Below are the steps for the test:
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1) Determine the value of m, n and N. The number of cases in the smaller group is m
(denoted X); the number of cases in the larger group is n (denoted Y); total cases is N.
Alpha (o) is set to be 5%.

2) Data from both groups are combined and sorted from lowest to largest, being careful
that the identity of the data is retained and then these data are ranked in increasing
order (1 to the score that is algebraically lowest). An average of the tied ranks is
assigned for any tied observations.

3) Determine the sum of ranks in group X, W.

4) For large samples, m>10, n>10, the sampling distribution Wy approaches a normal
distribution, with mean, variance and significant z value calculated as :

m(N +1)

Mean = (3-16)
Variance = mn(N +1) (3-17)
12
+ _
. W, £0.5—-Mean (3-18)

~vVariance

5) If m<10 and n<10, the probabilities associated with the significant value, Wy is

listed in the table in Siegal and Castellan (1988).

The critical value for the standard normal distribution (z) is found in the statistic table
for a 5% level of significance. If the z calculated is larger than the critical z, the null
hypothesis is rejected; both data came from different populations and therefore it implies that
the grass, the pretreatment area, or the check dams are either successfully improving the
hydrology and water quality parameter of the runoff or making the hydrology and water

quality worse.

E-54 10/21/2008



The statistical data such as the mean and the median for the direct and the swales will

determines the significant difference of the swales for better or for worse.

3.8 Swale Performance Plots

Two types of plots are frequently used in this study: time based plots and probability
plots. The time based plots are used for plotting rainfall, flow rates and constituent
concentrations. These plots provide a better understanding of each specific storm event since
the plots show delays in peak flow, delay of peak concentrations and differences in
performance among the three sampling points.

On the other hand, probability plots are used to compare the distribution of the input
(Direct) and the output (MDE-CD Swale and SHA-CD Swales). Comparisons will also be
made between the data for current study and the data by Stagge (2006). Probability plots for
peak flows and each pollutant were created by ranking the average value for each event from
largest to smallest. The plotting position for each value on the probability scale, p was
determined as:

p-_ "% (3-19)
(n+1-2a)

where i represents the smallest number in sample of size n and a represents a constant that

describes the plotting position function, selected as o =3/8 (Cunnane 1978). Therefore, for

this study, the plotting position function for the probability plots is:

o _ 1-0375

=— == 3-20
N +0.25 (3-20)

The best fit line for the data can be drawn and these lines are compared in order to draw

conclusions for the swales performance. The x-axis will represent the probability and the y-
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axis will represent either flow or constituent concentration. All complete flow captured
events, are plotted separately along the horizontal axis and therefore those data will not be

considered in the best fit line.
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Chapter 4
Results and Discussion

4.1 Field Sampling Description

Twenty four storm events have been sampled and analyzed throughout the research
duration, August 2006 to July 2008. One of the events (2/25/2007) was a snow event and
therefore no rainfall data were collected. Among those 24 storms, 10 storms were considered
completely captured where no flow output was measured from the swales. Tables 4-1

summarize all storm events.

Table 4-1. Rainfall depth and storm duration for Rt. 32 storm events. Storms with complete
capture are shown in bold.

Date Total Rainfall (cm)  Duration (hr)
4/4/2007 1.02 5.3
5/12/2007 0.43 6.3
5/16/2007 1.83 1.7
6/3/2007 2.26 10.3
7/4/2007 1.65 6.0
9/11/2007 0.51 2.5
10/19/2007 1.17 11.0
10/24/2007 0.69 11.5
11/13/2007 0.23 1.3
12/2/2007 1.24 11.5
12/14/2007 2.06 8.3
1/10/2008 0.23 6.5
2/1/2008 2.24 12.0
3/4/2008 1.73 10.0
3/16/2008 1.02 6.6
4/3/2008 1.52 8.5
4/26/2008 1.07 6
5/16/2008 1.8 6.9
6/3/2008 1.4 8.2
6/10/2008 0.51 0.17
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6/16/2008 0.91 3.3
6/30/2008 0.2 0.67
7/5/2008 0.1 0.17

In some cases, there were issues in getting a full complete pollutant data due to
technical problems on site and problems with laboratory equipment. Problems that occurred
on site include check dam grass dying, check dam mowing, and a broken weir.

In August 2007, the housing of the portable sampler for the SHA swale was destroyed in an
accident and the new housing was installed on site in September 2007. Since this is the
second accident on site (first time was when Stagge (2006) was working on the site), both
samplers (SHA swale and MDE swale) were installed closer to the southbound lanes of
Route 32 rather than the northbound lanes. Nonetheless, this does not affect sampling data. In
April 2008, the batteries for the SHA and MDE swales failed to pump water from the weir
and thus, pollutant data are unavailable for the SHA swale on 4/3/2008 and the MDE swale
on 4/26/2008. After replacing the batteries, no further sampling problems arose. Regarding
the check dams, on 6/3/2007, the check dams were accidently mowed by State Highway
Administration highway workers, and new check dams were installed on 7/1/2007.

Besides issues, full sets of pollutant data were not able to be obtained for certain
storms due to technical problems with lab instrumentation. The Dionex ion chromatograph
malfunctioned for the storms that occurred between 12/2/2008 and 4/3/2008. Due to that,
nitrate analyses could not be done since samples must be analyzed within a week. Samples
for chloride on the other hand, can be stored for a long time before being analyzed.

4.2 Hydrology Comparison
4.2.1 Storm Event Characterization

Storm trends in Maryland were analyzed by Kreeb (2003) at 15 stations within the

state. Kreeb (2003) rainfall volume and duration data were collected from 10,352 storm
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events. Table 4-2 represents the frequency of storm events that were collected from those 15

stations.

Table 4-2. Frequency of storm events for 15 storm station in Maryland (Kreeb 2003).

Rainfall Depth (cm)

Event 0.0254 - 0.255 - 0.636 - 1.28 -
Duration 0.254 0.635 1.27 2.54 >2.54 | Sum(%)
0-2hr 0.2857 0.0214 0.0167 | 0.0043 | 0.0008 | 32.89

2-3hr 0.0164 0.0257 0.0221 | 0.0089 | 0.0025 7.56
3-4hr 0.0085 0.0223 0.0198 | 0.0083 | 0.0038 6.27
4-T7hr 0.0099 0.0351 0.0475 | 0.0221 | 0.0087 | 12.33
7-13hr 0.0058 0.0337 0.0629 | 0.0528 | 0.0266 | 18.18

13- 24 hr 0.0024 0.007 0.0397 | 0.0611 | 0.0515 | 16.17
> 24 hr 0 0.0009 0.0043 | 0.0172 | 0.0435 6.59
Sum (%) 32.87 14.61 21.3 17.47 13.74 100

From Table 4-2, 33% of storms in Maryland are expected to have duration between 0
- 2 hours and only 6% of storms have 3 — 4 hours duration. Moreover, 33% of storm depths
are between 0.0254 — 0.254 cm and only 14% of storms are more than 2.54 cm deep. This
information is important for our research since it can be use as a bench mark in order to see
whether the storm events sampled are a representative of storms that occurred in Maryland.
Results of the frequency of storm events that were sampled on site are tabulated in Table 4-3.
The data from Table 4-2 and 4-3 were further compared in Figures 4-1 and 4-2. Figure 4-1
compares the frequency of storms vis-a-vis the rainfall depth (cm) and Figure 4-2 compares

the frequencies of storms vis-a-vis the duration (hr).
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Table 4-3. Frequency of storm events for 23 storm events sampled at Rt 32, Maryland.

Rainfall Depth (cm)
Event 0.0254 - | 0.255 - 0.636 - 1.28 -
Duration 0.254 0.635 1.27 2.54 2.54 | Sum (%)
0-2hr 0.1304 0.0435 0 0.0435 0 21.74
2-3hr 0 0.0435 0 0 0 4.35
3-4hr 0 0 0.0435 0 0 4.35
4-7hr 0.0435 0.0435 0.1304 0.0870 0 30.43
7-13hr 0 0 0.1304 0.2609 0 39.13
13- 24 hr 0 0 0 0 0 0
> 24 hr 0 0 0 0 0 0
Sum (%) 17.39 13.04 30.43 39.13 0 100
45
40 W Sampled Storms
m Maryland - Kreeb 2003

Sum (%)

0.0254 - 0.254

0.255 - 0.635

0.636 - 1.27

128-254

>2.54

Rainfall Depth (cm)

Figure 4-1 Rainfall Depth Distribution for Maryland (Kreeb 2003) and monitored Rt. 32
Storm Events.
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Figure 4-2. Storm duration distribution for Maryland (Kreeb 2003) and monitored Rt. 32
storm events.

From Figures 4-1 and 4-2, no specific trends are obtained but it is clearly seen that all
storms sampled at Rt. 32, are less than 2.54 cm and the storm duration is not more than 13
hours. Compared to the Kreeb (2003) data, storms sampled on site were dominated by
rainfall between 1.28 — 1.54 cm and 7 - 13 hours duration; both 39%. The results do not
match well due to the fewer number of storm events sampled compared to the large number
storm events sampled by Kreeb.

The rainfall for the 24 events ranged from 2.3 cm (0.9 inch) to as low as 0.1 cm (0.04
inch). Out of these 24 events, 10 were considered complete captured events. A complete
captured event tends to occur when the rain is less than 1.2 cm (0.46 inch). This threshold is
similar to the finding by Yu et al. (2001) on 275 m long swale in Virginia where complete
captured events occurred for storms less than approximately 1.27 cm (0.5 inch). The swale

also has two check dams but it is much longer compared to the SHA-CD swale (198 m) and
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MDE swale (137 m). This shows that the length of the swale does not help to increase the
capacity to infiltrates more water.

A graph of total rainfall depth at different rainfall durations is drawn from data listed
in Table 4-1 (Figure 4-3). For this graph, complete captured storms and storms with
discharge flow are clearly distinguished. Therefore a relationship between total rainfall and
storm duration for the complete captured events can be obtained by linear regression between

these two variables.

2.5
& Storms with Flow
o Complete Captured Storms * ¢
2 | 2
¢ .
— 2
g *
— 15 2
s L 4
.% o ¢
o .
T 14 L 4 4
° O
|_
y = 0.0494x + 0.2835 o
0.5 ©
o ©O O
O
0 T T T T T T
0 2 4 6 8 10 12 14
Time (hr)

Figure 4-3. Total Rainfall Depth versus Duration. Plot showing completely captured storm
events as empty circle (o) and storms with discharge as filled diamond ().

The best fit for the linear regression is:

Y =0.0494X +0.2835 (4-1)
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where Y represents the total rainfall depth (cm) and X represents the duration of the storm

(hr). Therefore, for each storm, Y represents the threshold amount of how much rainfall that

will infiltrate into the swale. In other words, Y represents the maximum infiltration capacity

of the soil, fmax. Table 4-4 summarizes the fiay for each of the storm events. The water that

infiltrates into the ground may increase the water table and eventually reappears as surface

flow. Therefore, any rainfall above the threshold will be considered as overland flow which

eventually will be part of the swale flow that needs to be excluded from the swale discharge.

Table 4-4. Maximum infiltration capacity (fmax) for each storm events. Complete captured

events are in bold.

Maximum Infiltration

Date Capacity (cm)
4/4/2007 0.55
5/12/2007 0.59
5/16/2007 0.37
6/3/2007 0.79
7/4/2007 0.58
9/11/2007 0.41
10/19/2007 0.83
10/24/2007 0.85
11/13/2007 0.35
12/2/2007 0.85
12/14/2007 0.70
1/10/2008 0.60
2/1/2008 0.88
3/4/2008 0.78
3/16/2008 0.61
4/3/2008 0.70
4/26/2008 0.58
5/16/2008 0.62
6/3/2008 0.69
6/10/2008 0.29
6/16/2008 0.45
6/30/2008 0.32
7/5/2008 0.29
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Compare to Stagge (2006), the threshold line for infiltration capacity was:

Y =0.07X +0.35 (4-2)
All units and variables are defined similar with the current study but the duration storms that
are covered in this study are up to 30 hours compared to 12 hours for the current study. The
maximum infiltration capacity of the soil, fmax Will be higher in this case. For example, for 6
hours storm event, the . obtained will be 0.75 cm for the previous study and 0.58 cm for
the current study. Having a higher infiltration capacity will allow more water to infiltrate and
eventually helps to reduce the runoff volume. Besides that, this also shows that the maximum

infiltration capacity depends on the duration storms covered by the study.

4.2.2 Flow with respect to time

Hydrographs were created to observe the effectiveness of the grass swales in reducing
the peak flow of each event and the time delay between both initial flow and flow from both
swales. The hyetograph is incorporated onto the hydrograph. A hyetograph from the April 4,
2007 event is shown in Figure 4-4.

From the hydrograph, it can be seen that the direct channel flow mirrors the rainfall
hyetograph (Figure 4-4). High peaks in effective flow for the direct channel correspond to
high peaks in rainfall. The effective flow used in the graph is the flow after excluding the
overland flow from the calculated flow at the weir (Equation 3-7). Further explanation
regarding the effective flow is presented in Section 3.6.2. In most of the events, significant

runoff flows reduction was noted through the swales.
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Figure 4-4. Effective Flow for 4/4/07 Storm Event at Rt. 32 Swales

In the event of 4 April 2007 (Figure 4-4), the peak flow from the direct was 11.7 L/s
and was reduced to 2.6 L/s (MDE) and 3.2 L/s (SHA). Comparing both swales, runoff from
the SHA swale for this particular event reached the outlet earlier, apparently due to less
contact time in the swale. The peak flow for the MDE swale and the SHA swale was delayed
for about 4.5 hours and 1.8 hours, respectively. However, having a secondary peak in the
middle of the event can complicate the performance analysis, since it could affect the
infiltration capacities of the swales.

Another type of flow behavior exhibited during storms is complete capture events.

This phenomenon occurs when the rainfall intensity is small and not enough to produce flow
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through the swales, but flow still occurs through the direct channel, as demonstrated in

Figure 4-5. In this event, the rainfall was 0.91 cm (0.36 inch) and lasted for about 3.3 hours.
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Figure 4-5. Direct Flow for 6/16/08 Storm Event at Rt. 32 Swales (Complete - Capture).

The second largest rain event out of the 23 events occurred on 12/14/07 (Figure 4-6),
which was 2.1 cm (0.81 inch) and lasted for about 9 hours. In this event, the SHA swale did
not function as expected. It did not reduce the flow but instead it had more flow than the
direct and a higher peak discharge. A few secondary peaks in the middle of the event, starting
around 1:00 am seemed to contribute to this phenomenon. By comparing this event to the
event on 4/4/07 (Figure 4-4), similar phenomena are actually occurring. Around 8 am on
4/4/07, a second peak occurred and from that point, the SHA swale had more flow than the
direct. Flows from the surrounding area may contribute to the swale flow at high event

intensity. Furthermore, in both events, the MDE swale did not help much to reduce the flow.
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Figure 4-6. Effective Flow for 12/14/07 Storm Event at Rt. 32 Swales.

In the event of snow, the grass swales did not perform as they would for rain. The

Rainfall (cm)

output produced more flow than the input because when the snow started to accumulate, the

ground was freezing. When the rain started, the snow that covered the swales melted,

flowing through the swale together with the runoff. Figure 4-7 shows this phenomenon. This

phenomenon agrees with the finding of Soderlund (1972), where due to the swale being

covered by snow, flow resistance and filtering effects are much lower compared to the rest of

the seasons. Therefore, water tends to just flow on the swale instead of infiltrating into the

soil.
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Figure 4-7. Flow for 2/25/07 Rain/Snowmelt Event at Rt. 32 Swales

4.2.3 Peak Flows and Lag Time

In order to have a better understanding on the overall performance of the swales
specifically looking at the hydrology aspect, effective peak flows probability plots were
synthesized by ranking the effective peak flows observed from each monitoring point from
largest to smallest (Figure 4-8). Table 4-5 summarizes the effective peak flows for all storm

events, including lag times.

Table 4-5. Summary of effective peak flow, effective volume and lag time for each storm

events.
Peak Flow (L/s) Effective Volume (L) Lag Time (hr)
Storm event | Direct | SHA | MDE | Direct | SHA MDE | SHA | MDE
2/25/2007 1.05 3.20 3.00 [ 20020 | 42600 | 34100 [ 0.82 | 1.58
4/4/2007 11.67 2.60 2.28 | 33800 | 29300 | 14700 1.83 | 4.50
10/21/2008
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5/12/2007 | 3.70 11400
5/16/2007 | 55.00 | 9.00 | 8.90 | 32800 | 31600 | 14300 | 0.15 | 0.20
6/3/2007 | 22.00 | 10.00 | 6.70 | 53200 | 27900 | 14000 | 5.40 | 5.50
7/4/2007 | 52.00 | 24.00 | 11.00 | 41500 | 27200 | 34300 | 0.47 | 0.47
9/11/2007 | 8.00
10/19/2007 | 26.00
10/24/2007 | 8.00
11/13/2007 | 1.10
12/2/2007 | 23.00 | 7.00 | 10.00 | 67700 | 27500 | 21200 | 5.37 | 5.60
12/14/2007 | 10.00 | 21.00 | 10.00 | 86700 | 183000 | 85300 | 0.83 | 1.07
1/10/2008 | 1.00
2/1/2008 | 18.00 | 12.00 | 9.00 | 97200 |142000| 75400 | 0.67 | 0.70
3/4/2008 | 30.00 | 13.00 | 12.00 | 55800 | 114000 | 42500 | 1.10 | 1.30
3/16/2008 | 8.00 | 3.00 | 3.00 | 36300 | 23900 | 6100 | 0.90 | 1.30
4/3/2008 | 6.00 3.00 | 63000 | 9420 | 4.97
4/26/2008 | 540 | 0.60 25000 | 6410
5/16/2008 | 32.00 | 14.00 | 9.00 |317000 | 82500 | 29200 | 1.50 | 1.68
6/3/2008 | 37.00 | 3.00 | 2.00 | 51700 | 9350 | 2670 | 3.17 | 572
6/10/2008 | 40.00
6/16/2008 | 9.00
6/30/2008 | 4.00
7/5/2008 | 1.00
100 — 100
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Figure 4-8. Probability plot for Effective Peak Flow at Rt. 32 Swales
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The lag time listed in Table 4-5 is the time difference between the starting point of the
direct flow and that of the swales. Having a longer lag time shows that the swales are actually
slowing down the runoff and this allows more filtration and infiltration to occur within the
swale. The average time for the SHA swale to start receiving flows at the weir is about 2
hours and the average time for the MDE swale is about 3 hours. Statistically there is no
significant difference in performance for both swales. Having check dams helps to retain
water longer on the swales.

Furthermore Figure 4-8 shows that the effective peak flow median values for the
Direct, SHA and MDE are about 9.5 L/s, 1.6 L/s and 2.0 L/s, respectively. Each point on the
plot was obtained from the effective peak flow for the swales and the direct for every storm
event. There is a reduction of the effective peak flow median between the direct and the
swales but statistically there are no significant improvement between the reduction of peak
flow between the direct and the swales. There is also no significant difference in performance
between those two swales either. This might be due to the nature of the statistic test where
zero values (complete-captured events) are not incorporated in the calculations.

The average peak reduction by the swales is between 61% for SHA-CD swale and 68
% for MDE-CD swale. The Stagge (2006) study showed a lower percentage of peak
reduction, 50 — 53%. This shows that the check dams on the swales do provide extra time to
allow the runoff to infiltrate into the soil and further reduce the peak flow. Besides that,
having a pre-treatment area allows the peak to spread out and further reduce the peak flows.

In most cases, the swales do not help much in reducing the total volume of the storm

but swales definitely helps to reduce the effective peak flow which eventually helps the
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downstream water body. This phenomenon can be seen in Figure 4-9 where all flows for
6/3/07 storm were ranked from highest to lowest with 6 minutes increments. The total
rainfall for this event was 2.26 cm that last for 10 hours. The graph shows that if the
stormwater is not treated by the swales, the flow that will enter the river/stream will be about
17 L/s but with check dams swale (SHA-CD), the river/stream will only be impacted with 10
L/s. Even better, the check dams swale with the pre-treatment area (MDE-CD) is able to
reduce the flow to about 6 L/s.

From the literature, in order to reduce the erosion in a water body such as a river, a
maximum flow velocity of 4 — 5 ft/s (2-yr storm event) is recommended because that is
considered a non-erosive flow (Claytor and Schuler 1996). Since this is a velocity, the area or
size of the water body would eventually determine whether the flow that enters the river
would erode the river bank or not. For example, a reduced peak flow of 17 L/s might not
harm the larger river but might still be harmful for the smaller river. Therefore, whether or
not the reduction of peak flow could help to reduce the erosion in the water body downstream

is dependable on the size of the water body downstream.
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Figure 4-9. Effective Flow for storm sampled on 6/3/07 at Rt. 32 versus Storm Duration

Moreover, the combinations of all flow data for 23 rainfall events are plotted against
the storm duration in increments of 6 min in Figure 4-10. It further clarify that through out
the research, the swales did help to reduce the effective peak flows and the results show that
the swale with a pretreatment area (MDE) performs better than the swale without
pretreatment (SHA). The highest peak flow for Direct, SHA and MDE are 51 L/s, 20 L/s and
11 L/s respectively. Having extra area to infiltrate the water clearly helps in reducing the
peak flows and indirectly reducing the volume. Lower peak flow eventually helps to reduce

river bank erosion.
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Figure 4-10. Cumulative Effective Flow for all 24 events sampled at Rt. 32 versus Storm
Duration
4.2.4 Total volume
Total volume for each event is calculated using Equations 3.9 and 3.10. Table 4-5
provides the effective volume for all 24 events. The effective volume is basically the total
volume leaving the swale after removing the excess rainfall that becomes overland flow.
From the probability plot of total volume (Figure 4-11), it is shown that the swales do not

help significantly reduce the volume.
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Figure 4-11. Total Volume for each sampling point at Rt. 32 for 24 events.

The median volume for the Direct is about 31000 L, SHA-CD swale is 29000 L and
MDE-CD swale is 21000L. The SHA-CD swale is only capable to reduce 6% of the median
volume but MDE-CD is capable to reduce 32% of the median volume. Having an extra area
to infiltrate the water helps in reducing the volume but the difference is not statistically
significant.

There were 4 storm events that produced more volume through the swales than the
direct runoff (2/25/2007, 12/14/2007, 2/1/2008 and 3/4/2008). The first event (2/25/2007)
was due to the snow melt on the swales, but the three other events are basically long duration
rainfall events (more than 8 hours) with rainfall more than 1.7 cm (0.7 inch). An example of

one of the other three events is given in Figure 4-12. This is the second largest storm event
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with 2.1 cm (0.8 inch) total rainfall that occurred for 8.3 hours.
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Figure 4 — 12 Cumulative Effective Flow versus Storm Duration at Rt. 32 (12/14/07)

Furthermore, the phenomenon in Figure 4 — 12 shows that the swale might have
obtained more input from surrounding areas or there might be some portion of the storm that
has high intensity within a short period. Therefore, the water just flows through the swale
instead of infiltrating into the swale. The fact that the largest storm event with 2.6 cm (0.9
inch) total rainfall that occurs for about 10.3 hours did not produce more volume through the
swales than the direct input might be due to the fact that it occurs in the middle of summer;
the soil is dry and able to infiltrate/absorb more runoff since the antecedent dry period is
longer. Having big storms back to back could also contribute to higher water table and
therefore less runoff could infiltrates into the ground.

Comparing to the reduction of total volume with Stagge (2006), without check dams,
the reduction of total volume was 46-54% but with check dams installed, the reduction is
28% for SHA-CD and 64% for MDE-CD. The SHA-CD did show any improvement of the
hydrology because the check dams were not fully matured to act as usefull check dams. As

seasons change, the check dams dries up and is not able to retain water longer on the swales.
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Overall, although statistically the MDE-CD and SHA-CD do not show any significant
improvement in hydrology, the MDE-CD swale clearly shows a better performance in lag
time, reducing mean peak flows, total peak flows and volume compare to SHA-CD. Besides
that, the MDE-CD reduces more total volume compare to MDE (without check dams). This
shows that swale with pretreatment area perform better when check dams is incorporated in
the system and it is beneficial for stormwater volume reduction; similar with the finding in
the recent stormwater manuals (MDE 2000). It is not showing statistically just because the

zero data for complete captured being excluded.

4.3 Pollutant Observations and Outliers

Ten pollutants were analyzed for all storms. Each storm has different pollutant
concentration shapes with time, but the patterns are similar. Higher concentrations tend to
occur at the beginning of the storm and when high intensity of rainfall occurred within a
short time. The differences are due to variability in input flows and input pollutant
concentrations. This phenomenon can be clearly seen in the Figure 4-13 and Figure 4-14
where two of the pollutant analyzed on the 12/2/07 shows high concentration at the
beginning of the storm event and another peak at around 12.00 am when rainfall starts to

peak again.
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Figure 4-14. Zinc Concentrations (12/2/07) at Rt. 32 Swales
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In order to analyze these data, parameters such as the Effective Event Mean
Concentration (E-EMC) and total mass pollutant removal are used to quantify and compare
the effects of having grass swales with check dams to treat highway runoff. Furthermore, the
Event Mean Concentration (EMC) is used to quantify and compare the performance of grass
swales with check dams and without check dams (Stagge 2006). Comparison is not done by
using Effective Event Mean Concentration because Stagge (2006) had used a different way
to incorporate the effect of rainfall dilution in the runoff, which he defines as Normalized
Event Mean Concentration (N-EMC). N-EMC and E-EMC use the similar concepts where
total mass leaving the swale is divided by total volume leaving the swale without rainfall on
the swale. The difference between the two is the way total volume is calculated. Total
volume for N-EMC is calculated as total volume of runoff leaving the swale minus the total
volume of rainfall landing on the swale area during the storm event. On the other hand, the
total volume for E-EMC is calculated as total volume of runoff leaving the swale minus the
total saturated excess overland flow. The saturated excess overland flow only occurs after the
rainfall reaches the maximum infiltration capacity of the soil (Equation 3-5).

The E-EMC’s for each pollutant are determined using Equation 3-17. This equation
takes into account the dilution effect of the rainfall by dividing the pollutant mass discharge
of the swale with the total volume of the swale after eliminating the excess rainfall. Table 4-6
in Appendix A summarizes the E-EMCs for each pollutant for each storm event. Table 4-7 in
Appendix B summarizes the EMC for each pollutant for each storm event. Both EMC and E-
EMC are important because EMC shows the actual field-based pollutant concentration that
will impact the receiving water body while E-EMC describes the true removal capability

of the swale by taking into consideration the dilution effects.
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The entire E-EMC data set is further checked using the Dixon-Thompson test in order
to find any outliers at the extreme ends (highest and lowest values). Extreme events can
create problems in data analysis. For example, an extremely large value can cause the sample
mean and standard deviation to be much larger than the population values. However,
statistically proven outliers from the sample should not be eliminated unless there is a
physical reason that supports the decision to be eliminated. Table 4-8 lists all statistically
proven outliers found in the study. These outliers are only at the higher end and no outliers
are detected at the lower ends. Besides that, no outliers are detected for cadmium since most
of them are below the detection limits.

Since the storm events are considered random, data may naturally have unusual high
values. For example, high values for chloride on 2/25/2007 were due to a snow event and on
4/26/2008, there was an unusual high pollutant load occurred on the SHA swale since this
swale posses high end outliers for all pollutant except for chloride and TKN. Therefore, if the
value was actually measured, then such a value should not be discarded from the sample
(Davis and McCuen 2005). None of the statistically proven outliers were discarded since
there is no specific reason that shows that those concentrations were wrong. Since these high
values are kept for further calculation, a nonparametric statistical method is more suitable for
the data analysis rather than parametric statistical method. Therefore, a nonparametric test
(Mann Whitney U Test) is used as a statistical tool to evaluate the significant improvement of
having grass swales with check dams in improving the stormwater runoff at Rt. 32.

Table 4-8. Statistically proven outliers using Dixon-Thompson Test for 24 events

at Rt. 32
Constituent Event Date Outliers Source
TSS 7/4/2007 350 mg/L MDE
9/11/2007 600 mg/L Direct
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4/26/2007 180 mg/L SHA

Nitrate 4/26/2008 7.20 mg-N/L SHA
Nitrite 5/12/2007 0.35 mg-N/L Direct
4/26/2008 0.38 mg-N/L SHA

TKN 4/26/2008 4.10 mg/L Direct
6/3/2008 13 mg/L SHA

6/3/2008 19 mg/L MDE

TP 7/4/2007 1.06 mg-P/L MDE
3/4/2008 0.63 mg-P/L Direct

4/26/2008 3.40 mg-P/L SHA

Cl 2/25/2007 7400 mg/L Direct
2/25/2007 5000 mg/L SHA

4/4/2007 6100 mg/L MDE

Pb 10/19/2007 560 ug/L Direct
4/26/2008 500 pg/L SHA

Cu 3/16/2008 240 ug/L MDE
4/26/2008 500 pg/L SHA

Zn 5/1/6/2007 2070 pg/L Direct
4/26/2008 850 ug/L SHA

All E-EMC values were then used to construct the probability plots. All complete
captured storm events resulted pollutant loads equal to zero and for these cases, a symbols
with no fill is indicated on the plots. On most of the plots the water quality target for each

constituent is drawn as a dashed line along the y-axis.

Another important parameter is the total mass pollutant removal. It represents the
total pollutant load throughout the sampling duration and the differences between the Direct
total pollutant load and the swales total pollutant load will represent the effect of swales. This
parameter will be more useful than E-EMC when dealing with complete capture events. In
Equation 3-13, the total mass formula involves integrating mass and concentration together

over time. Therefore, zero flow results in zero mass. In other words, all storms are legitimate
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to be included in calculations of total mass reduction and this is useful for knowledge about

long-term pollutant loadings.

Finally, the most popular way of quantifying the effects of pollutant removal by grass
swales is by using the percentage of pollutant concentration reduction. However, the results

maybe misleading since this parameter is highly dependent on the input concentrations.

4.4 Mann Whitney U Test and Pollutant Removal

The Mann Whitney U Test is a nonparametric test that was used to evaluate any
significant difference between two populations. The Mann Whitney U Test is used for five

main aspects of this study:

1) To examine any significant difference between the Direct and SHA-CD swale.

2) To examine any significant difference between the Direct and MDE-CD swale.

3) To examine any significant difference between the SHA-CD swale and MDE-CD swale.

4) To examine any significant difference between the SHA-CD swale and SHA swale

(without check dams).

5) To examine any significant difference between the MDE-CD swale and MDE swale

(without check dams).

A significant level of 5% was chosen and Table 4-10, summarizes the findings from
the tests. From the table, P (critical) represents the 5% probability of rejecting the null
hypothesis and P (calculated) is the calculated rejected probability. The cross (X) indicates

that the rejected probability is more than the critical probability and the null hypothesis is
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accepted (there is no difference between both populations); it is also in bold. The check (V)
indicates that the calculated rejected probability is less than the critical probability, the null

hypothesis is rejected and the difference is significant between those two populations.

Next, in order to know whether the result designates a significant removal or
significant export, other statistical parameters such as the mass, mean and median % removal
are examined. The E-EMC varies over a wide range for each pollutant. The difference
between the input and output E-EMC represents the ability of the grass swale and check
dams to reduce the pollutant levels. The median and percent removals based on the median
for each pollutant are presented in Table 4-10. The overall mass pollutant removals for each

pollutant at the Rt. 32 Swales are presented in Table 4 -11.

Table 4-9. Wilcoxon Mann Whitney U Test (5% level of significant) for all pollutants.

Significant difference in
P(calculated) P(critical) population means

TSS Direct / SHA - CD 0.0202 0.05 \
Direct / MDE-CD 0.2912 0.05 X
SHA-CD / MDE-CD 0.0294 0.05 \
SHA / SHA -CD 0.2451 0.05 X
MDE / MDE - CD 0.0039 0.05 \
Nitrate  Direct / SHA - CD 0.3372 0.05 X
Direct / MDE-CD 0.3594 0.05 X
SHA-CD / MDE-CD 0.2778 0.05 X
SHA / SHA -CD 0.0179 0.05 \
MDE / MDE - CD 0.0317 0.05 \
Nitrite Direct / SHA - CD 0.123 0.05 X
Direct / MDE-CD 0.0019 0.05 \
SHA-CD / MDE-CD 0.1685 0.05 X
SHA / SHA -CD 0.0188 0.05 V
MDE / MDE - CD 0.0985 0.05 X
TKN  Direct/SHA - CD 0.0084 0.05 \
Direct / MDE-CD 0.0749 0.05 X
SHA-CD / MDE-CD 0.2296 0.05 X
SHA / SHA -CD 0.0188 0.05 \
MDE / MDE - CD 0.0143 0.05 \
TP Direct / SHA - CD 0 0.05 \
Direct / MDE-CD 0.2946 0.05 X
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SHA-CD / MDE-CD 0.1292 0.05 X

SHA / SHA -CD 0.2236 0.05 X

MDE / MDE - CD 0.0548 0.05 X

Chloride Direct/SHA - CD 0.018 0.05 N

Direct / MDE-CD 0.0005 0.05 V

SHA-CD / MDE-CD 0.2119 0.05 X

SHA / SHA -CD 0.0694 0.05 X

MDE / MDE - CD 0.3264 0.05 X

Lead Direct / SHA - CD 0.409 0.05 X

Direct / MDE-CD 0.1446 0.05 X

SHA-CD / MDE-CD 0.0869 0.05 X

SHA / SHA -CD 0.3859 0.05 X

MDE / MDE - CD 0.1038 0.05 X

Table 4-9. Wilcoxon Mann Whitney Test (5% level of significant) cont’d
Sig Significant difference in
P(calculated) | P(critical) population means

Copper Direct/ SHA - CD 0.3336 0.05 X
Direct / MDE-CD 0.2266 0.05 X
SHA-CD / MDE-CD 0.0749 0.05 X
SHA / SHA -CD 0.3859 0.05 X
MDE / MDE - CD 0.0934 0.05 X
Zinc  Direct / SHA - CD 0 0.05 \
Direct / MDE-CD 0 0.05 \
SHA-CD / MDE-CD 0 0.05 v
SHA / SHA -CD 0.0026 0.05 v
MDE / MDE - CD 0.0019 0.05 v

Table 4-10. Median and percent removal based on E-EMC median for each pollutant at the

Rt. 32 Swales.
TSS (mg/L) Nitrate (mg/L) Nitrite (mg/L)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Median 60 5 9 0.7 0 0 0.06 0.01 0.02
% Removal 92 85 100 100 83 67
TKN (mg/L) TP (mg/L Cl (mg/L)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Median 0.55 0.42 0.20 0.22 0.25 0.2 20.00 50 100
% Removal 24 63 -14 9 -150 -400
Lead (ug/L) Copper (ug/L) Zinc (ug/L)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Median 20 8 15 50 8 13 248 75 76
% Removal 60 25 84 74 70 69
Cadmium (ug/L) |
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Direct | SHA MDE
Median <2 <2 <2
% Removal - -

Table 4-11. Overall mass pollutant removal for each pollutant at the Rt. 32 Swales.

TSS (9) Nitrate (g) Nitrite (g)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Total Mass | 68000 | 26000 | 42000 370 30 17 47 21 14
% Removal 62 38 92 95 55 70
TKN (9) TP (9) Cl (9)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Total Mass 470 1000 260 210 220 130 290000 | 460000 | 300000
% Removal -113 45 -5 38 -59 -3
Lead (mg Copper (mg) Zinc (mQ)
Direct | SHA MDE Direct SHA MDE Direct SHA MDE
Total Mass | 51000 | 11000 | 9000 53000 23000 | 16000 | 280000 93000 59000
% Removal 78 82 57 70 67 79
Cadmium (mg)
Direct | SHA MDE
Total Mass 1200 690 380
% Removal 43 68

As mentioned above, characteristics of each storm event varies and therefore, the use
of fractional mean E-EMC percent removal in runoff management has several drawbacks
because it is not giving a clear picture on what is happening on the site. For example, high
percent pollutant removal does not necessarily indicate an effective treatment practice
because this parameter also depends on the input, and vice versa. However, having a negative
value for percent removal shows that the swale is exporting the pollutant into the runoff. This
phenomenon can be seen for total phosphorus and chloride for the mean E-EMC percent
removal for both swales and TKN, total phosphorus and chloride for the mass percent
removal specifically only for the SHA-CD swale. The swale performance for each

constituent will be discussed in the next sections.
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4.4 Total Suspended Solids (TSS)

The water quality goal for TSS is selected to be 30 mg/L since that is the minimum

USA National Standards for secondary wastewater treatment (Metcalf and Eddy Inc., 2004).
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Figure 4-15. Probability plot for TSS E-EMCs at Rt. 32 Swales.

From Figure 4-15, the inflow concentration will theoretically exceed 30 mg/L during 75% of
the storm events but with check dam swales, the MDE swale exceeded 30 mg/L TSS during
only 35% of storm events and the SHA exceeded 30 mg/L TSS only during 25% of storm
events. Summary statistics for the E-EMC from Table 4-10 shows clear difference between
the median values for direct (60 mg/L), SHA (5 mg/L) and MDE (9 mg/L). The percent

removals for SHA-CD swale is 92% but the percent removals for MDE-CD swale is only
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85%. Statistically, only effluent TSS from the SHA-CD swale was determined to be
different from the Direct and also statistically, there is a significant difference between the
performances of both swales. (Table 4-9).

Since there is a significant difference between both swales, and SHA-CD works
better, it shows that having a pretreatment area adjacent to the MDE swale is actually
exporting more TSS into the runoff possibly due to sediment mobilized from the extra area of
the pretreatment area. Although only SHA-CD is considered significantly different, the
removals of both swales are similar with previous findings such as 79-98% (Backstrom
2003), 65%-98% (Schueler 1994), and 85-87% (Barrett et al. 1998). All those findings are
from grass swale without check dams.

4.4.1 Total Suspended Solids (TSS) Comparison.

According to Yu et al. (2001), the mass removal at the swale outlet with check dams
is higher compared to the outlet without any check dams. In the same study in Taiwan, a 30
m grass swale with one check dam in the middle produced 70% TSS mass removal at a
constant flow of 4 x 10 m*/s and 86% TSS mass removal at a constant flow of 0.9 x 107
m?>/s. At another site in Virginia with a 275 m length grass swale with two check dams
produced about 94% TSS mass removal.

In the current research, for 24 storm events, Direct, SHA-CD and MDE-CD received
68 kg, 26 kg and 42 kg of TSS respectively (including complete captured events). This shows
that a significant amount of TSS is transported by the MDE-CD swale compared to the SHA-
CD swale. The total mass removal percentage for SHA-CD is 62% but, for MDE-CD it is
only 38%. These values are smaller than those reported in the literature, due to not having a

constant flow if compared to the Taiwan swale and due to a shorter swale compared to the
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Virginia swale (198 m for SHA-CD and 137 m for MDE-CD swale). In order to provide a
better comparison, current findings are compared to the previous study by Stagge (2006) by

using the probability plot in Figure 4-16.
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Figure 4-16. Probability plot for TSS EMCs at Rt. 32 Swales
(Current study vs Stagge (2006)).

In the previous study, (without the check dams), both swales behaved similarly for
TSS removal (Figure 4-14). However, in the current study (with check dams), there is a
statistically significant difference between both swales. There is also significant difference
between the performance of the MDE swale and the MDE-CD swale. No significant
difference was found between the performance of the SHA swale and the SHA-CD swale.
The MDE swale performs better without any check dams. It exceeded the water quality target

only for 5% of storm events, but with the check dams it exceeded for about 25% of storm
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events. Besides that, previously, the total suspended solid mass was significantly reduced by
the swales: 84% SHA and 73% MDE. Compare to the current finding, the total suspended
solid mass was reduced only 62% SHA-CD and only 38% for MDE-CD.

In short, grass swales with check dams are capable of both reducing the total mass
and the E-EMC for total suspended solids. This shows that the swales are dependent on
sedimentation, filtration and infiltration process. The addition of a pretreatment area does not
significantly improve the swale performance, in fact appears to degrade performance.
Inclusion of check dams also does not help to significantly improve the performance of SHA-
CD swale compared to SHA swale. Inclusion of check dams and pretreatment area on the

swales are not appears to be necessary since the performance is worst in treating TSS.

4.5 Nutrients (Total Phosphorus (TP), Nitrite, Nitrate, TKN)

Nitrogen and phosphorus are two nutrients that are a major concern in stormwater
runoff. Excess nitrogen in water bodies cause accelerated algal production and high amounts
of phosphorus in runoff can produce problems at water treatment plants since it may interfere
with the coagulation process (USEPA 2006). The effluent water quality goal for phosphorus
is set to be 0.1 mg-P/L and 1 mg-N/L for nitrite by the National Water Quality Criteria
(WQC) (USEPA 2006). Nitrate on the other hand, the excellent water quality in the Potomac
River Basin is 0.2 mg-N/L. WQC was not used as the guide line for nitrate because the target
is 10 mg-N/L which is too high for surface water but normal for human consume. A TKN
criterion was not reported in the WQC.

4.5.1 Total Phosphorus (TP)
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Unfortunately, from the probability plot (Figure 4-17), it is clearly shown that the
swales are not helping towards meeting the goal and worst, all swales discharges exceeded
the goal. Both swales tend to export phosphorus into the runoff. The SHA swale with check
dams tends to export more phosphorus than the MDE swale with check dams. Statistically,
the difference between the Direct and the SHA-CD swale is significant but neither
performance between the direct and the MDE-CD swale nor between the SHA-CD swale and
MDE-CD swale is significant. The mean E-EMC values for of each sampling points: Direct,
SHA-CD and MDE-CD are 0.22, 0.25 and 0.20 mg/L respectively. The mean E-EMC
removal of total phosphorus was found to be -14% for SHA and 9% for MDE. The removal
is low compared to 31 to 61% by Barrett et al. (1998) and over 99% by Krecher et al.

(19983) due to high infiltration rates.
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Figure 4-17. Probability plot for TP E-EMCs at Rt. 32 Swales.
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In terms of total pollutant mass, the total phosphorus input loading is 213 g, SHA-CD
is 224 g and MDE-CD 128 g. The total pollutant mass percent removal is -5% (SHA-CD)
and 40% (MDE-CD). Statistically, the SHA-CD swale significantly exports phosphorus and
having an extra pretreatment area does not help to significantly improve to reduce the
phosphorus. Since phosphorus is considered as particulate bound, phosphorus removal is
highly depends on physical processes such as infiltration, deposition and filtration (Barrett et
al. 1998, Rose et al., 2003). Therefore, phosphorus might have been accumulating in the
SHA-CD swale and leaches from time to time to cause the export of phosphorus. Length of
the swale might not be the cause of the export since Yu et al. (2001) managed to obtained
mass removal for about 99% for a 275 m long check dams swale and about 80% mass

removal for 30 m long check dams swale.

4.5.1.1 Total Phosphorus Comparison
Figure 4-18 and statistical data from Table 4-9 shows that addition of check dams on
the swale does not show any significant improvement to the water quality for phosphorus

content. 50% of storm events will still exceed the water quality target of 0.1 mg-P/L.
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Figure 4-18 Probability plot for TP EMCs at Rt. 32 Swales.
(Current study vs Stagge (2006))

4.5.2 Nitrate, Nitrite and TKN

The probability plots shows that all of the effluent data for nitrate and nitrite meet the
selected target limit (Figure 4-19, 4-21). There is no significant difference between the Direct
and the swales for nitrate but there is a significant difference between the Direct and MDE-
CD swale for nitrite. However, without grass swales, about 95% of the storm events
exceeded the target limits but with grass swales, less than 30% of the storm events exceeded
the target limits. The total mass pollutant loading for nitrite are 47 g (Direct), 21 g (SHA-CD)
and 14 g (MDE-CD). The MDE-CD swale significantly reduces the total mass by 71%. In
the nitrogen cycle, under aerobic condition, nitrite becomes an electron acceptor in the

biodecompostion reactions of soil organic matter. In other words, nitrite is easily rapidly
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oxidized to nitrate under aerobic condition. Therefore, having an extra pretreatment area
might allow extra time for aerobic conditions to occur in the soil and therefore could enhance

the removal of nitrite.
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Figure 4-19. Probability plot for Nitrate E-EMCs at Rt. 32 Swales
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Figure 4-21. Probability plot for TKN E-EMCs at Rt. 32 Swales.
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For TKN, the median E-EMC % removal in Table 4-10 shows that SHA-CD swale is
able to remove 24% of TKN and MDE-CD swale is able to remove 63% of the TKN.
However, looking at the overall total mass pollutant removal, the SHA-CD swale is actually
exporting 562 g of TKN (-119%) and MDE-CD helps to reduce the TKN by 206 g (44%).
Statistically, only the Direct and the SHA-CD swale show significant TKN being reduced by
the swale. In this case the median E-EMC % removal and the total mass pollutant % removal
for SHA-CD swale provide different conclusion but we can see clearly see from the
probability plot (Figure 4-21) that the SHA-CD swale is exporting TKN. This might happen
due to the fact that SHA-CD is longer than MDE-CD swale and therefore, more nitrogen
from the grass is contributing to the additional mass in the runoff.

Besides that, literature reports mixed results for nutrients removal by grass swale. In
some cases, swales tend to export the nutrients into the runoff due to a few factors such as
fertilization, mowing, changing of season. For example, Barrett et al. (1998) reports nitrogen
removal ranging from 11 to -7% but Krecher et al. (1983) measured removal rates over 99%
for total phosphorus, TKN and total nitrate due to high infiltration rates.

Forms of nutrients fluctuate readily with different oxidation characteristics, sediment loads
and within the overall environment itself (NCHRP 2006). Since there is no significant
difference between the MDE-CD swale and the SHA-CD swale, having an extra pretreatment

area is not necessary.

4.5.2a Nutrients (Total Phosphorus (TP), Nitrite, Nitrate, TKN) Comparison
All swales with check dam’s shows significant difference compare to the swales

without any check dams (Stagge 2006) except for the comparison between MDE and MDE-
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GRASS SWALE PROGRESS REPORT

CD swale for nitrite. Most of the trend lines for the swale with check dams are lower than the

line for the swale without any check dams (Figures 4-22 to 4-24). That shows that check

dams helped both swales to reduce nutrients concentrations. On the other hand, having an

extra pretreatment area for the MDE swale does not show any significant benefits.
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Figure 4-24. Probability plot for TKN EMCs at Rt. 32 Swales.
(Current study vs Stagge (2006))
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This finding agrees with Yu et al (2001), who examined a grass swale with check
dams and without check dams but having equal length and different slopes. The study with
flow rate 4 x 10 m®/s shows % mass removal for total nitrogen and total phosphorus to be
21% and 77 % for the grass swale with check dams compared to 20% and 50% for that swale
without any check dams. With that, it appears that the addition of check dams on grass
swales could attenuate the runoff flow, increase the detention time and further enhance
infiltration.

Comparing to Stagge (2006), the removal for nitrate, nitrite and TKN in the current
study is higher (Table 4-10). Stagge (2006) had a significant N-EMC removals of nitrite (56-
66%) and exhibited variable removal capabilities ranging from -1% to 60% for nitrate, TKN
and total phosphorus.

4.6 Chloride

According to the World Health Organization (WHO) guideline for drinking water, the

levels of chloride in water supplies should not exceed 250 mg/L (Radojevic and Bashkin

2006). Therefore the effluent water quality goal is set to be 250 mg/L (Figure 4-25)
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Figure 4-25. Probability plot for Chloride E-EMCs at Rt. 32 Swales.

From the plot, it is clearly seen that there is a significant export of chloride by the
swales. However, no significant difference between swales obtained. The significant chloride
export apparently comes from the application of de-icing reagents on the highway during
snow seasons. Throughout time, the salt slowly dilutes out in every storm event. The total
mass pollutant load for chloride is 29 kg (Direct), 46 kg (SHA) and 30 kg (MDE). Therefore
the total mass % removal will be -60% (SHA-CD) and -4% (MDE-CD). The negative sign
indicates export. Referring to the water quality target, the swales tend to exceed the target for
about 30% of storm events compared to the direct only 15% of the storm events.

4.6.1 Chloride Comparison
It seems that the current chloride loading is a lot more than the previous study

especially at the higher ends.

E-98 10/21/2008



10000 10000
6000 T 6000
4000 " 4000
Legend i
—2000 ¢ s B s 2000
1000 ® MDE MDE-CDI ¢’ 1000
E 600 600
(@]
= K50 t+r——|——F+—|—+—+—¢ = 250
Ll
= 100 100
= 4 40
o 20 No Flow 20
10 =8 56— 545 B-roHe-a-ed 10

98 9% 90 8 80 70 60 50 40 30 20 15 10 5 2

Exceedance Probability

Figure 4-26. Probability plot for Chloride EMCs at Rt. 32 Swales.
(Current study vs Stagge (2006))

Statistically, having check dams on the swale does not help to reduce the chloride.
Instead, the non-exceedance probabilities to the target value (250 mg/L) for the swales
chloride concentrations had increased to 30% compared to only 8% (SHA) and 15 %

(MDE).

4.7 Metals (Zinc, Lead, Copper, Cadmium)

Monitoring metal concentrations in the runoff is important because heavy metals have
toxic effects on aquatic life and humans. The acute and chronic aquatic toxicity limits
established by the Maryland Department of the Environment (MDE 2005) are used as

guidelines.
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4.7.1 Zinc

Among these four metals, zinc generally has the highest concentration and is found
primarily in dissolved form (Dean et al. 2005). The acute toxicity limit for zinc is 120 pg/L
(MDE 2005). Figure 4-27 shows that 92% of storm events will produce highway runoff that
exceeds the limit. However, after treatment with check-dam swales, only 30% of storm
events for SHA-CD swale exceeded the limit of 120 pg/L and only 40% of storm events for
MDE-CD swale exceeded 120 pg/L. There are significant statistical improvements in the
water quality from the swale and between the swale.

The median E-EMC % removal for the SHA-CD is 70% and for MDE-CD is 69%. In
terms of total mass pollutant loading the values are 284 g (Direct), 93 g (SHA-CD) and 59 g
(MDE-CD). Therefore, the total mass pollutant % removal are 67% (SHA-CD) and 79%
(MDE-CD). The swales performance emphasis should be placed on overall effluent water
quality (i.e, total mass pollutant); therefore the MDE-CD swale seems to perform better than
the SHA-CD swale since the total mass load reduction is larger. The median E-EMC %
removal and total mass pollutant removal for this study falls within previous literature
findings such as Barrett et al. (1998, 68-93%), Backstrom (2003, 78-94%) and the total mass
load reduction by Backstrom (2003) is about 66%. Zinc is expected to be removed highly
since at least 50% of this metal can be effectively removed from runoff by targeting the

particulate fraction (Sansalone et al. 1997).
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Figure 4-27. Probability plot for Zinc E-EMCs at Rt. 32 Swales.
4.7.1a Zinc Comparison
Statistically, there is a significant difference between the performance of grass swales
with check dams and without any check dams but it is not clearly seen in Figure 4-28. The
current and previous study still exceeds the water quality target for about 20% of storm
events. However, there is a big difference in terms of significant removals based on the E-
EMC zinc. Previously without check dams, it was reduce by 30%-40%, but with installation

of check dams, the removal is 79%-81%.
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Figure 4-28. Probability plot for Zinc EMCs at Rt. 32 Swales.
(Current study vs Stagge (2006))

The acute toxicity limit for lead is 65 pg/L (MDE 2005) and 20% of storm events

exceeded this limit (Figure 4-29). With treatment from the check dam swales, the limit is

exceeded for only about 12% of storm events for SHA-CD and only about 7% of storm

events for MDE-CD. Although there is a slight different in the performance, it is not

significantly different statistically. The total mass pollutant load for lead is: 51 g (Direct), 11

g (SHA-CD) and 9 g (MDE-CD).
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Figure 4-29. Probability plot for Lead E-EMCs at Rt. 32 Swales.
4.7.2a Lead Comparison
100 100
(Rl e e e ] e e B R R E R B E
A
40 Legend ; - " "A 40
- SHA ] SHACD K -k
= ® WE A MDECDD DK ’/
= 20 7 20
o e
= =
L.; 10 T A P 10
S 1t 6
Ty 8 Z« 4
No Flow ./
5-0-H |E” |@ @ AGEHAOSHAr
98 95 9 8 8 70 60 50 40 30 20 15 10 5 2
Exceedance Probability
Figure 4-30. Probability plot for Lead EMCs at Rt. 32 Swales.
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None of the data from the current study or the previous study exceed the acute
toxicity limit of 65 pg/L. Although the performance of the swales with check dams look
worst than without any check dams since the trend line appears above the previous study
trend line, indeed no statistically significance difference was found.

4.7.3 Copper and Cadmium

The results for copper (Figure 4-31) shows that both swales help to reduce the
number of storm events that will exceed the copper acute toxicity limit of 13 pg/L (MDE
2005), from 90% of the storm events to about 45%-50% storm events. This fact does not
confirm that it helps to improve the water quality since statistically, there are no difference

found between the direct and the swales. The reduction was also mainly due to no-flow

event.
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Figure 4-31. Probability plot for Copper E-EMCs at Rt. 32 Swales.
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The acute toxicity limit for cadmium is 2 pg/L (MDE 2005). Most of the data are
below the detection limit and therefore, no statistical analysis can be done. There are a few

occasion where the swale produce high amount of cadmium for uncertain reasons (Figure 4-

32).
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Figure 4-32. Probability plot for Cadmium E-EMCs at Rt. 32 Swales.

4.7.3a Copper and Cadmium Comparison

Check dams do not help to reduce the amount of copper in the stormwater runoff
since it still exceed the acute toxicity limit for about 40% of the storm events (Figure 4-33).
Cadmium comparison could not be done since all data from the previous study in below

detection limits (Figure 4-34).
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Figure 4-34. Probability plot for Cadmium EMCs at Rt. 32 Swales.
(Current study vs Stagge (2006))
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In short, the only metals that shows statistically significant improvement when
compared to the Direct is zinc. This might be due to high suspended solids and organic
content within the grass. Zinc is easier to be removed compared to copper because copper has
a high affinity to bound to organic complexes and zinc is mainly in dissolved form.

On the other hand, all pollutants shows positive mass removals, lead (78% SHA-CD,
82% MDE-CD), copper (56% SHA-CD, 70% MDE-CD) and zinc (67% SHA-CD, 79%
MDE-CD). Mass removal shows significant removal compare to the concentration reduction.
It implies that, the swale infiltration mechanism helps to reduce metals better by infiltration
of the runoff rather than filtering the metals. This makes sense since most of the metal exists
in dissolved form except for lead. Besides that, there are no significant metal removals by

having check dams on the swales.
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Chapter 5

CONCLUSION

The Maryland State Highway Administration (SHA) promotes the use of Low Impact
Development (LID) technologies for addressing complex stormwater management challenges
specifically dealing with highway runoff. This research was supported specifically to look
into the hydrologic and water quality benefits of having grass swales with additional pre-
treatment area and incorporation of check dams for managing highway runoff. Previously,
similar study was done by Stagge (2006) looking at the same aspects but without check dams
on the swales. Since both research projects were conducted at the same site, it allows direct
comparison in order to see any improvement resulting from having check dams installed.

The research site was constructed in the median of a four-lane (two in each direction)
limited access highway, Maryland Route 32 near Savage, Maryland. The site consists of two
swales (MDE-CD and SHA-CD) with different designs but nearly identical roadway
drainage area. The only condition that is different than the previous study by Stagge (2006) is
that two vegetated check dams are installed within each of the swales. The vegetated check
dams were constructed of Panicum Virgatum ‘Heavy Metal’, a sturdy plant that will remain
standing either in heavy rain or snow. The swale that has the pre-treatment area adjacent to
the roadway is known as MDE-CD (swale area: 0.431 ha, length: 137m) and the second
swale without the pre-treatment area is known as SHA-CD (swale area: 0.312 ha, length: 198
m). Both swales convey to an inlet where water flow and quality measurements are made.

Comparison between input and output is done by having the direct runoff as the input and the
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swales as the output. Ten target pollutants that are considered as being most problematic
from highway runoff are monitored, specifically total suspended solids (TSS), nitrate-N,
nitrite-N, total Kjeldahl nitrogen (TKN), total phosphorus (TP), chloride (ClI), copper (Cu),
lead (Pb), zinc (Zn), and cadmium (Cd).

In total, 24 storm events were analyzed over a period of about 2 years. Among those
24 storms, 10 were completely captured where no flow output was measured from the
swales. To evaluate the performance of the swale, two hypotheses are made. First, the
pretreatment area prior to the grass swale is helping by slowing down the runoff velocities,
providing more infiltration into underlying soils and filtering out sediment and other
pollutions. Second, by having check dams within the grass swales, temporary ponding areas
within the swales will be created, runoff velocity will be reduced and the retention time will
be increased and eventually promote more infiltration through the soil and filtration through
the grass swale will occur.

In order to clarify those hypotheses, several aspects of the hydrology such as peak
flow, lag time and total effective volume were used to determine the effects of using grass
swales with check dams treating the highway runoff. For water quality purposes, the
pollutants concentrations were evaluated using the overall total mass loading on the swales
and the effective event mean concentration (E-EMC), which allow a comparison between the
flows weighted mean concentrations without the dilution effects of excess rainfall on the
grass swale area.

It appears that the average time for SHA-CD swale to start receiving flows at the weir
is about 2 hours after the Direct starts colleting samples and the average time for the MDE-

CD swale is about 3 hours after the Direct starts collecting samples. Having check dams
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helps to detain water longer on the swales and will further enhance the filtration and
infiltration process. Furthermore, the overall average peak reduction by the swales is between
61-68% and compares to Stagge (2006) study; he had a lower percentage of peak reduction
of 50-53%. This shows that the check dams on the swales do provide extra time to allow the
runoff infiltrates into the soil and further reduce the peak flow. Throughout the study, the
highest peak flow obtained for the Direct is 51 L/s and the highest peak flow obtained for
SHA-CD and MDE-CD were 20 L/s and 11 L/s respectively. Having extra area to infiltrate
the water clearly helps in reducing the peak flows. The effectiveness of having a pre-
treatment area is further emphasized when the result of the mean volume for MDE-CD swale
(4400 L) is lesser than the Direct ( 31000L) and the SHA-CD swale (7900 L).

Compare to the reduction of total volume with Stagge (2006), without check dams,
the reduction of total volume is between 46-54% but with check dams installed, the reduction
is actually lower than before which is between 28-64 %. Many factors could contribute to
this fact that SHA-CD did not perform as well as the MDE-CD and as well as the swale
without check dams. One of the factors might be due to the check dams installed were not
fully matured to act as a useful check dams. As seasons change, it dries up and not able to
detain water longer on the swales.

Generally, the study shows that swale is not design to detain the runoff but to slow
down the runoff by using the vegetation. MDE-CD swale does shows that the pretreatment
area is beneficial for stormwater volume and peak reduction and increase in lag time, similar
with the finding in the recent stormwater manuals (MDE 2000).

Considering at the water quality benefits, most of the overall mass pollutant

loadingsexhibit positive reduction, but mixed results are obtained for the mean E-EMCs.
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Reduction of E-EMCs were more difficult to prove statistically because this comparison only
includes those storms with measurable flow, while overall mass reduction allows comparison
that includes all complete captured storm events. Therefore, the overall mass reduction can
give a better sense of the performance of the swales and it is put more weight in placed on
this criterion.

The overall mass loading reduction for TSS shows that the SHA-CD swale is able to
reduce 62% of the mass and MDE-CD swale is able to reduce 38% of the mass. Suggesting
that the swales are capable of filtering out the suspended solids from the highway runoff.
Compare to the mean E-EMCs, only SHA-CD swale shows different statistically compare to
the Direct. This suggests that the filtration capacity is better in SHA-CD swale due to the
longer swale and the extra area on MDE-CD is not helping to reduce the TSS significantly.

For nutrients, the SHA-CD swale shows positive overall mass loading reduction for
nitrate (92%) and nitrite (54%) but a negative overall mass loading reduction for TKN (-
120%) and TP (-5%). The MDE-CD swale on the other hand, shows positive overall mass
loading reduction for all nutrients: nitrate (95%), nitrite (71%), TKN (44%) and TP (40%).
While the E-EMC data showed statistically significant increase in nitrite (-2%) for the
comparison between the Direct and the MDE-CD, in TKN (-148%) and TP (-172%) for the
comparison between the Direct and the SHA-CD. The variability in nutrients removal
suggests that the grass swales efficiency are affected by several factors such as seasonal
effects, release of organic matter, mowing, different oxidation characteristics and input of
sediment loads. These factors contribute to the removal efficiency due to the nature of the
nutrients itself. For example, phosphorus, which highly depends on physical processes (due

to being particulate bound) such as infiltration, deposition and filtration will be more easily
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to be removed if the TSS is high because it will tend to bond on the surface of the TSS and
then being filtered by the grass.

Chloride shows significant increase in the swales E-EMC compared to the direct
(SHA-CD: -388% and MDE-CD: -633%). Also overall mass loading increase was noted for
both swale (SHA-CD:-61% and MDE-CD:-4%). This clearly shows significant chloride
export by the swales apparently due to the application of de-icing reagents during the snow
seasons and throughout time, the salts accumulated in the swales during the winter season
slowly diluting out in every event.

Metals were all significantly removed by the swales in terms of the overall total mass.
Lead shows the highest removal (SHA-CD: 78% and MDE-CD: 82%) followed by zinc
(SHA-CD: 67% and MDE-CD: 79%) and copper (SHA-CD: 56% and MDE-Cd: 70%). The
reduction of cadmium could not be obtained since most of the cadmium concentrations are
below detection limit. However, only zinc appears to demonstrate a significante decrease in
the swales E-EMC compared to the direct (SHA-CD: 57% and MDE-CD: 79%). From the
literature, both zinc and copper are mostly in dissolved form but zinc has a higher tendency
to be removed compare to copper because copper has a high affinity to bound to organic
complexes. Lead on the other hand mostly particulate bounds and therefore the removal is
the highest since the vegetation and the suspended solids are capable to adsorb the metals
from the runoff; indirectly reduce the concentration.

All in all, the swale data do not show any significant improvement by including check
dams. No consistent significant difference obtained. Looking at the overall total mass
reduction, it seems that the MDE-CD swale tend to have a higher % reduction compare to

SHA-CD except for TSS. This shows that the pre-treatment area did help to remove the total
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mass of the pollutants and the length of the swale does not affect the removal efficiencies.
Although the SHA-CD is longer than MDE-CD it does not plays a big impact on the removal
capability. Yu et al. (2001) shows that the rate of removal reaches a plateau when swales are
longer than approximately 75 m regardless of slope. The inconsistency obtained for the
removal of the mean E-EMCs concentration indicates that, the total mass reduction gives a
better picture because it is a total value and not an average value. Since the swales are
capable of reducing the total pollutant mass, we can conclude that the infiltration mechanism
works better to improve the highway runoff rather than infiltration mechanism since it does
not significantly improve the concentration of the pollutants.

In conclusion, the first hypotheses of this study is confirmed where the pretreatment
area prior to the grass swale is helping by reducing the runoff velocity, provide more time for
filtration, sedimentation and absorption of the pollutants and increase the infiltration capacity
into underlying soils. However, the second hypothesis is not confirmed since no significant
difference in the performance of swales with check dams was found in comparison to those
without check dams.

Overall, this study shows that the grass swale is a beneficial technology that helps to
manage highway runoff. However, there are areas of improvements that could be done for
further research:

1) From the experimental aspect, a larger set of data could provide better

understanding of the swales. A better distribution of storm events sampled could
also provide a better understanding in terms of hydrology and water quality for

high/low/moderate intensity storms. Furthermore, a better understanding about
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2)

3)

4)

metal speciation could also help since this allow better understanding of the
removal mechanisms in grass swales.

Looking at the performance of having different kind of check dams on the swales
(vegetated check dams vis-a-vis riprap or wood logs) is another aspect. Vegetated
check dams have a disadvantage of being effected by seasons, mowing and the
maturity of the plant itself. But having check dams made from rocks or wood logs
could ensure better performance for all seasons and more water can be detained to
increase the infiltration and filtration time within the swales. The number of check
dams installed in a swale will also be another good aspect to look into.

Improve the design of the swales by maintaining shallow slopes, having soils that
promote infiltration, and having denser grass/thicker vegetation since it is known
that filtration and sedimentation are the main mechanisms of the swales. Besides
that, having a layer or soil that has high organic matter could also help to increase
the performance of particulate bound pollutants, but it needs to be carefully done
because it might increase the nutrients in the grass. The grass for the pre-treatment
area should also be fully developed so that less debris/washout from the extra area
affects the water quality.

Measure infiltration rates on site (e.g., with a double-ring infiltrometer). Since
infiltration capacity was deduced from the linear regression best fit, having the
actuall measurements on site would help to clarify the method that was used in
this research. Besides that, annual check for the soil parameters (grain size
distribution, hydraulic conductivity, bulk density) could also helps to maintain the

performance of the swale.
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E-EMC for All Storm events
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TSS (mg/L) Nitrate (mg-N/L) Nitrite (mg-N/L) TKN (mg/L) TP (mg/L)

Storm event | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE

2/25/2007 8 2 3 NA NA NA 0.09 | 0.06 | 0.05 040 | 054 | 050 032 | 056 | 0.44

4/4/2007 130 5 9 NA NA NA 0.05 | 0.06 | 0.09 1.40 1.80 | 1.00 040 | 045 | 0.37

5/12/2007 42 NF NF 6.00 NF NF 0.40 NF NF 1.80 NF NF 0.15 NF NF

5/16/2007 184 53 276 NA NA NA 0.10 | 0.20 | 0.20 200 | 210 | 3.10 0.13 | 0.81 | 0.80

6/3/2007 70 14 53 1.00 | 050 | 0.20 0.03 | 0.04 | 0.00 040 | 0.60 | 0.80 022 | 0.76 | 0.46

7/4/2007 110 63 346 140 | 0.60 | 0.90 0.02 | 0.04 | 0.07 0.60 | 2.10 | 2.80 022 | 120 | 110

9/11/2007 600 NF NF 2.00 NF NF 0.24 NF NF 0.35 NF NF 0.23 NF NF

10/19/2007 63 NF NF 2.00 NF NF 0.04 NF NF 0.20 NF NF 0.22 NF NF

10/24/2007 48 NF NF 1.00 NF NF 0.10 NF NF 0.17 NF NF 0.41 NF NF

11/13/2007 8 NF NF 0.50 NF NF 0.14 NF NF 0.55 NF NF 0.17 NF NF

12/2/2007 50 10 41 NA NA NA 0.03 | 0.00 | 0.20 050 | 0.40 | 050 <0.1 | 0.25 | 0.58

12/14/2007 79 40 140 NA NA NA 0.02 | 0.01 | 0.02 NA NA NA 029 | 0.83 | 0.18

1/10/2008 21 NF NF NA NF NF 0.19 NF NF 0.48 NF NF 0.23 NF NF

2/1/2008 91 34 99 NA NA NA 0.03 | 0.04 | 0.02 0.27 | 440 | 0.21 025 | 043 | 021

3/4/2008 150 75 248 NA NA NA 0.06 | 0.01 | 0.02 020 | 055 | 081 0.63 | 1.00 | 0.42

3/16/2008 59 21 64 NA NA NA 0.04 | 0.02 | 0.08 0.90 1.00 | 2.20 021 | 0.36 | 0.60

4/3/2008 30 NA 69 NA NA NA 0.01 NA | 0.03 0.07 NA | 1.20 0.20 NA | 051

4/26/2008 50 181 NF 0.80 | 7.00 NF 0.08 | 0.38 NF 410 | 3.40 NF 0.12 | 3.39 NF

5/16/2008 25 10 18 0.30 | 050 | 0.70 0.03 | 0.01 | 0.00 NA NA NA <0.1 | 021 | 011

6/3/2008 31 26 43 0.70 | 0.60 | 140 0.03 | 0.06 | 0.06 0.60 | 13.00 | 19.00 | <0.1 | 0.38 | 0.15

6/10/2008 154 NF NF 0.40 NF NF 0.07 NF NF 1.00 NF 0.11 0.11 NF NF

6/16/2008 19 NF NF 0.30 NF NF 0.06 NF NF 0.20 NF NF 0.11 NF NF

6/30/2008 107 NF NF 0.50 NF NF 0.11 NF NF 1.30 NF NF 0.10 NF NF

7/5/2008 50 NF NF 0.70 NF NF 0.16 NF NF 3.00 NF NF 0.11 NF NF

**NA = Data Not Available, NF = No Flow

10/21/2008 E-117




Cl (mg/L) Lead (ug/L) Copper (ug/L) Zinc (ug/L Cadmium (ug/L)
Storm event | Direct | SHA MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE
2/25/2007 | 7400 | 5000 3500 20.00 | 8.00 | 14.00 | 15.00 | 3.00 4.80 | 160.00 | 140.00 | 190.00 [ 2.00 | <2.0 | <2.0
4/4/2007 610 4400 6100 61.00 | 31.00 | 30.00 | 32.00 | 18.00 | 25.00 | 420.00 | 140.00 | 90.00 | <2.0 | <2.0 | <2.0
5/12/2007 140 NF NF 24.00 NF NF | 65.00 NF NF 290.00 NF NF 2.30 NF NF
5/16/2007 17 300 750 500.00 | 52.00 | 76.00 | 143.00 | 48.00 | 69.00 | 2000.00 | 750.00 | 350.00 [ 2.30 | 5.20 | 6.60
6/3/2007 67 94 150 46.00 | 18.00 | 20.00 | 25.00 | 28.00 | 25.00 NA NA NA <20 | <20 | <2.0
7/4/2007 50 69 108 16.00 | 12.00 | 41.00 | 42.00 | 31.00 | 68.00 NA NA NA <20 | <20 | <2.0
9/11/2007 16 NF NF NA NF NF NA NF NF NA NF NF NA NF NF
10/19/2007 17 NF NF 560.00 | NF NF | 50.00 NF NF 490.00 NF NF <2.0 NF NF
10/24/2007 25 NF NF 13.00 NF NF | 47.00 NF NF 200.00 NF NF <2.0 NF NF
11/13/2007 38 NF NF 8.00 NF NF [ 19.00 NF NF 230.00 NF NF <2.0 NF NF
12/2/2007 7 63 65 17.00 | 64.00 | 22.00 [ 15.00 | 13.00 | 18.00 | 190.00 | 120.00 | 140.00 | <2.0 | <2.0 | <2.0
12/14/2007 | NA NA NA 6.00 8.00 |14.00| 17.00 | 9.00 | 17.00 | 250.00 | 80.00 | 130.00 | <2.0 | <2.0 | <2.0
1/10/2008 9 NF NF 46.00 NF NF | 46.00 NF NF 340.00 NF NF <2.0 NF NF
2/1/2008 70 290 290 NA NA NA | 50.00 | 20.00 | 32.00 | 410.00 | 143.00 | 170.00 | <2.0 | <2.0 | <2.0
3/4/2008 1760 510 1030 23.00 | 13.00 | 66.00 | 150.00 | 61.00 | 102.00 [ 480.00 | 85.00 | 240.00 | <2.0 | <2.0 | 2.40
3/16/2008 | 27.00 | 300.00 | 1100.00 | 14.00 | 10.00 | 30.00 | 64.00 | 190.00 | 240.00 | 260.00 | 40.00 | 78.00 | <2.0 | <2.0 | <2.0
4/3/2008 NA NA NA 13.00 NA | 26.00 | 123.00 | NA | 125.00 [ 220.00 NA |[340.00| <2.0 | NA | 340
4/26/2008 24 1020 NF 24.00 | 500.00 | NF | 53.00 | 480.00 | NF 210.00 | 850.00 | NF <2.0 | 540 | NF
5/16/2008 | 13.00 | 13.00 | 90.00 | 23.00 | 29.00 | 36.00 | 28.00 | 43.00 | 65.00 | 130.00 | 120.00 | 170.00 | <2.0 | 2.00 | <2.0
6/3/2008 5.00 | 55.00 | 166.00 [ 12.00 | 24.00 | 81.00 [ 22.00 | 50.00 | 62.00 | 110.00 | 90.00 | 120.00 [ <2.0 | <2.0 | 2.00
6/10/2008 6.00 NF NF 20.00 NF NF |111.00| NF NF 280.00 NF NF 2.20 NF NF
6/16/2008 6.00 NF NF 20.00 NF NF | 67.00 NF NF 250.00 NF NF <2.0 NF NF
6/30/2008 4.00 NF NF 25.00 NF NF |[204.00 | NF NF 470.00 NF NF <2.0 NF NF
7/5/2008 7.00 NF NF 35.00 NF NF [ 140.00 | NF NF 170.00 NF NF <2.0 NF NF
**NA = Data Not Available, NF = No Flow
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TSS (mg/L) Nitrate (mg-N/L) Nitrite (mg-N/L) TKN (mg/L) TP (mg/L

Storm event | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE

2/25/2007 8 2 3 NA NA | NA 0.09 0.06 | 0.05 0.40 054 | 0.50 032 | 056 | 044

4/4/2007 129 5 8 NA NA | NA 0.05 | 0.05 | 0.07 1.40 1.45 | 1.00 040 | 038 | 0.31

5/12/2007 42 NF NF 6.00 NF NF 0.40 NF NF 1.80 NF NF 0.15 NF NF

5/16/2007 184 29 104 NA NA | NA 0.10 | 0.09 | 0.06 2.00 115 | 116 0.13 | 044 | 0.30

6/3/2007 70 13 41 1.00 | 050 | 0.20 0.03 | 0.03 | 0.00 0.40 0.54 | 0.60 022 | 0.69 | 0.36

7/14/2007 110 29 138 140 | 0.60 | 0.90 0.02 0.02 | 0.03 0.60 1.03 | 111 022 | 056 | 042

9/11/2007 600 NF NF 2.00 NF NF 0.24 NF NF 0.35 NF NF 0.23 NF NF

10/19/2007 63 NF NF 2.00 NF NF 0.04 NF NF 0.20 NF NF 0.22 NF NF

10/24/2007 48 NF NF 1.00 NF NF 0.10 NF NF 0.17 NF NF 0.41 NF NF

11/13/2007 8 NF NF 0.50 NF NF 0.14 NF NF 0.55 NF NF 0.17 NF NF

12/2/2007 50 10 30 NA NA | NA 0.03 | 0.00 | 0.11 0.50 0.33 | 0.38 <0.1 | 0.20 | 043

12/14/2007 79 32 85 NA NA | NA 0.02 0.01 | 0.01 NA NA | NA 029 | 068 | 0.11

1/10/2008 21 NF NF NA NF NF 0.19 NF NF 0.48 NF NF 0.23 NF NF

2/1/2008 91 27 61 NA NA | NA 0.03 0.03 | 0.01 0.27 5.02 | 0.13 0.25 0.34 | 0.13

3/4/2008 150 65 123 NA NA | NA 0.06 | 0.01 | 0.01 0.20 0.63 | 0.93 0.63 | 086 | 0.21

3/16/2008 59 14 25 NA NA | NA 0.04 | 0.01 | 0.03 0.90 0.69 | 0.83 021 | 026 | 0.23

4/3/2008 30 NA 24 NA NA | NA 0.01 NA | 0.01 0.07 NA | 045 0.20 NA | 0.18

4/26/2008 50 16 NF 0.80 | 0.62 | NF 0.08 | 0.03 | NF 4.10 0.29 | NF 012 | 029 | NF

5/16/2008 25 7 8 030 | 0.34 | 0.29 0.03 | 0.01 | 0.00 NA NA | NA <0.1 | 0.15 ] 0.04

6/3/2008 31 13 15 0.70 | 0.30 | 0.53 0.03 | 0.03 | 0.02 0.60 6.27 | 6.77 <0.1 | 0.18 | 0.06

6/10/2008 154 NF NF 0.40 NF NF 0.07 NF NF 1.00 NF NF 0.11 NF NF

6/16/2008 19 NF NF 0.30 NF NF 0.06 NF NF 0.20 NF NF 0.11 NF NF

6/30/2008 107 NF NF 0.50 NF NF 0.11 NF NF 1.30 NF NF 0.10 NF NF

7/5/2008 50 NF NF 0.70 NF NF 0.16 NF NF 3.00 NF NF 0.11 NF NF

**NA = Data Not Available, NF = No Flow
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Cl (mg/L Lead (ug/L) Copper (ug/L) Zinc (ug/L Cadmium (ug/L)
Storm event | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE | Direct | SHA | MDE
2/25/2007 | 7400 | 5000 | 3500 | 20.00 | 8.00 | 14.00 | 15.00 | 3.00 | 4.80 | 160.00 | 140.00 | 190.00 | 2.00 | <2.0 | <2.0
4/4/2007 610 3680 | 5170 | 61.00 | 26.00 | 25.00 | 32.00 | 15.00 | 11.00 | 420.00 | 113.00 | 76.00 | <2.0 | <2.0 | <2.0
5/12/2007 140 NF NF 24.00 | NF NF [ 65.00 NF NF [ 290.00 NF NF 2.30 NF NF
5/16/2007 17 167 284 | 500.00 | 28.00 | 29.00 | 143.00 | 26.00 | 26.00 | 2000.00 | 410.00 | 130.00 | 2.30 | 2.83 | 2.51
6/3/2007 67 85 119 46.00 | 16.00 | 15.00 | 25.00 | 26.00 | 19.00 NA NA NA <20 | <20 | <2.0
7/14/2007 50 33 43 16.00 | 6.00 | 16.00 | 42.00 | 14.00 | 27.00 NA NA NA <20 | <20 | <2.0
9/11/2007 16 NF NF NA NF NF NA NF NF NA NF NF NA NF NF
10/19/2007 17 NF NF [560.00 | NF NF [ 50.00 NF NF | 490.00 NF NF <2.0 NF NF
10/24/2007 25 NF NF 13.00 | NF NF | 47.00 NF NF [ 200.00 NF NF <2.0 NF NF
11/13/2007 38 NF NF 8.00 NF NF | 19.00 NF NF [ 230.00 NF NF <2.0 NF NF
12/2/2007 7 50 47 17.00 | 51.00 | 16.00 | 15.00 | 11.00 | 13.00 [ 190.00 | 92.00 | 102.00 | <2.0 | <2.0 | <2.0
12/14/2007 | NA NA NA 6.00 | 6.00 | 8.00 | 17.00 | 7.00 | 11.00 | 250.00 | 63.00 | 80.00 [ <2.0 | <2.0 | <2.0
1/10/2008 9 NF NF 46.00 | NF NF | 46.00 NF NF [ 340.00 NF NF <2.0 NF NF
2/1/2008 70 290 140 NA NA NA | 50.00 | 16.00 | 20.00 [ 410.00 | 114.00 | 103.00 | <2.0 | <2.0 | <2.0
3/4/2008 1760 440 510 23.00 | 11.00 | 33.00 [ 150.00 | 52.00 | 51.00 [ 480.00 | 74.00 | 118.00 | <2.0 | <2.0 | <2.0
3/16/2008 | 27.00 | 213.00 | 423.00 | 14.00 | 7.00 | 12.00 | 64.00 | 127.00 | 92.00 [ 260.00 | 30.00 | 30.00 | <2.0 | <2.0 | <2.0
4/3/2008 NA NA NA 13.00 | NA | 9.00 [ 123.00 | NA | 46.00 | 220.00 NA | 117.00| <20 | NA | <20
4/26/2008 24 88 NF 24.00 | 43.00 | NF [ 53.00 | 41.00 | NF | 210.00 | 73.00 NF <20 | <20 | NF
5/16/2008 | 13.00 | 9.00 | 38.00 | 23.00 | 21.00 | 15.00 | 28.00 | 30.00 | 27.00 | 130.00 | 85.00 | 73.00 [ <2.0 | 2.00 | <2.0
6/3/2008 5.00 | 27.00 | 61.00 | 12.00 | 12.00 | 30.00 | 22.00 | 24.00 | 23.00 [ 110.00 | 46.00 | 43.00 | <2.0 | <2.0 | 2.00
6/10/2008 6.00 NF NF 20.00 | NF NF |111.00| NF NF | 280.00 NF NF 2.20 NF NF
6/16/2008 6.00 NF NF 20.00 | NF NF | 67.00 NF NF [ 250.00 NF NF <2.0 NF NF
6/30/2008 4.00 NF NF 25.00 | NF NF |204.00| NF NF [ 470.00 NF NF <2.0 NF NF
7/5/2008 7.00 NF NF 35.00 | NF NF |140.00 | NF NF [ 170.00 NF NF <2.0 NF NF

**NA = Data Not Available, NF = No Flow
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EXECUTIVE SUMMARY

As stormwater runoff contacts and is conveyed over asphalt roadways and access areas, heat is
typically transferred from the asphalt to the runoff. The problem is especially acute in summer when
ground temperatures are highest and when intense direct sunlight will greatly increase the temperature
of the black-colored asphalt. The discharge of high-temperature water can have negative impacts on
local streams receiving the runoff, raising stream temperatures, causing direct impact to aquatic
organisms that cannot withstand higher temperature, and indirect impacts due to lower dissolved
oxygen levels that occur in warmer waters. The underground storage and slow release facility is a
versatile stormwater best management practice (BMP) for buffering high flows and mitigating
temperature. Temperature reduction in underground storage BMPs, however, has not been quantified.

Stormwater runoff flows and temperatures into and out of two underground storage BMPs
owned by Maryland SHA are being monitored. In the colder months (February, March, and April
2008), when the runoff temperature ranged between 5 and 15°C, small or no temperature reduction
was observed. In the warmer months (June and July 2008), the inflow temperature ranged between 15
and 25°C. The mean temperature reduction during summer was about 1.5°C, but the reduction was
not enough to cool the runoff below temperature thresholds. Outflow volumes violating the Maryland
Class 111 standard of 20°C were observed during some monitoring periods. A heat-transfer model is
being developed to predict the temperature reduction in the BMP based on input conditions. With
supporting data and model, the impact of these BMPs in managing high temperature concerns in

highway applications can be quantified for future design, analysis, and implementation.
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INTRODUCTION
Over the past several centuries, forests have been cleared to satisfy the growing land demands of

the burgeoning world population. Natural land covers have been replaced by large agricultural lands
and urban areas. The world urban population is expected to almost double by 2050, increasing from
3.3 billion in 2007 to 6.4 billion in 2050 (United Nations 2008). Globally, the level of urbanization is
expected to rise from 50% in 2008 to 70% in 2050 (United Nations 2008). The sustained increase in
urbanization has resulted in large scale replacement of pervious land cover by impervious areas such
as roads, driveways, sidewalks, parking lots, and rooftops. Replacement of the natural land cover by
impervious surfaces and infrastructure has resulted in the “urban heat island effect.” Many US cities
have been found to have air temperatures 3.3 to 4.4°C (6 to 8°F) warmer than the surrounding rural
regions (US Department of Energy, 1996).

Imperviousness impacts the quality and quantity of water from a watershed by reducing
infiltration, increasing the runoff volume and pollutant loadings during storm events. Imperviousness
is considered as a valuable indicator of the impacts of the land use changes in a watershed on aquatic
systems (Schueler 1994). Hydrologic modification in a watershed associated with urbanization can
affect physical, chemical and biological conditions of the receiving waters (Paul and Meyer 2001;
Wang et al. 2003). Increased frequency of flooding and peak flow volumes, increased sediment
loadings, loss of riparian habitat, changes in stream channel width and depth, decreased base flow,
and increased stream temperature are some of the impacts of urban runoff on streams.

Stream warming due to urbanization has been a problem of growing concern in the recent years.
In summer, the average stream temperature was found to increase by as much as 5to 8°C ina
watershed associated with urbanization (Pluhowski 1970). A study by Galli (1990) on thermal and
dissolved oxygen impacts to aquatic life associated with urbanization in Maryland streams showed
that the stream temperature increases by 0.14°F for each one percent increase in watershed

imperviousness. Connected imperviousness greater than 10% yielded demonstrable loss of aquatic
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system function (Schueler 1994; Booth and Jackson 1997; Wang et al. 2003). Sensitive species such
Brook trout ceased to exist for upstream impervious cover beyond 2% (Boward et al. 1999).
Streams receiving urban stormwater runoff have been found to have elevated temperatures (Galli
1990; USEPA 1999; Walsh et al. 2003). Common urban impervious surfaces have high thermal
capacity and absorb solar radiation. As stormwater runoff is conveyed over black asphalt roadways
and access areas, heat is transferred to the runoff via conduction, thereby raising its temperature.
Summer is the period of concern when ground temperatures are highest and when intense direct
sunlight will greatly increase the temperature of the black-colored asphalt (Figure 1-1). Runoff
temperatures from urban impervious areas as high as 29°C (82°F) have been measured in Dane
County, Wisconsin (Roa-Espinosa et al. 2003). The discharge of warm runoff into local streams
increases the ambient stream temperature, causing adverse effects on its ecosystems. Increase in

stream temperature by heated runoff has been noted as a severe and prevalent problem in Maryland

(Boward et al. 1999).
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Figure 1-1. Schematic diagram showing the transfer of heat to stormwater runoff
Elevated water temperature levels can have negative impacts on the stream habitat. Biotic

integrity and species diversity are severely impaired at higher water temperatures. Cold-water species
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such as trout are extremely sensitive to temperature and are stressed at higher temperatures. Cold-
water streams are apparently the most ecologically sound at temperatures between 7 and 17°C (Lyons
and Wang 1996; Simonson 1996). The Maryland state Class Il standard for natural trout waters and
Class IV standard for recreational trout waters have been established as 20°C (68°F) and 24°C (75°F),
respectively (USEPA 1988).

Increase in stream temperature has a direct impact on the dissolved oxygen level. At higher
temperatures, the solubility of oxygen in water decreases, resulting in lower levels of dissolved
oxygen. As temperature increases, the rise in the metabolic rate of aquatic organisms causes an
increase in the demand for dissolved oxygen. Also, photosynthesis and plant growth increase with
higher water temperatures. The consumption of oxygen by bacteria for decomposing dead plants
further depletes the dissolved oxygen level in the stream (Paul and Meyer 2001).

Best management practices such as wetlands, dry detention ponds, grass swales, and sand filters
are widely employed control measures for removing pollutants in urban stormwater runoff. Limited
research has been done on the performance of these BMPs in reducing stormwater runoff
temperature. Galli (1990) investigated the effects of stormwater BMPs, namely an infiltration facility,
artificial wetland, extended detention dry pond, and wet pond, on stormwater runoff temperature, and
found that these BMPs increased the outflow temperature. A thermal balance study on an on-stream
wetpond in Ontario yielded similar results. Large surface area of the pond exposed to solar radiation
and lack of surrounding vegetation resulted in the thermal enhancement of the pond during the dry-
weather seasons (Van Buren et al. 2000a). Jones et al. (2007) performed a study on four bioretention
facilities, a wetland and a wetpond located in trout-sensitive regions in North Carolina. The study
revealed that the wetpond and wetland BMPs caused thermal enhancement of runoff, but the
bioretention facility aided in cooling of the runoff.

Another versatile stormwater best management practice is an underground storage and slow
release facility. These detention facilities attenuate peak flows. However, the knowledge of

temperature mitigation in such underground storage BMPs is limited. In summer, the ambient
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temperature in underground storage facility is cooler than the surface (air) temperature and extended
detention of the inflow runoff should aid in heat loss. Thus, it can be hypothesized that reduction in
the temperature of incoming stormwater runoff should occur in an underground storage BMP. Hence,
runoff discharged from the BMP into the receiving waters or streams will be at relatively lower
temperatures.

In order to test the hypothesis, a thermal impact study was conducted in two underground
storage BMPs in Timonium, Maryland. The objectives of this study were to quantify the impact of
underground storage on the temperature of runoff from a highway and to develop a simple heat
transfer model. In order to achieve these objectives, the first task was to setup and monitor
stormwater runoff flows and temperatures into and out of two underground storage BMPs. Automated
flow and temperature monitoring equipment was installed at the study sites. The data obtained were
employed to quantify the temperature mitigation in the BMP and to develop the heat transfer model.
The model, formulated as a differential equation, when solved numerically would predict the
temperature of the runoff at the outlet of the facility. This will enable the determination of the
efficacy of these BMPs in mitigating temperature of runoff. The impact of these BMPs in managing
high temperature concerns in highway applications can hence be quantified for future design,

analysis, and implementation.
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BACKGROUND
Urbanization and land development

Impervious surfaces like, roads, driveways, parking lots, and rooftops have increased due to
expanding urbanization. In 2002, urban land in the United States was lower than 3% of total land
area, but housed 79% of the U.S. population (Lubowski et al. 2006). Urban and suburban land
(residential, commercial, industrial, institutional, and extractive) constitute nearly 16% of Maryland
and is concentrated in the Washington-Baltimore metropolitan area (Boward et al. 1999). Based on
the 2000 Census, the population of Maryland has been projected to increase by 33% between 2000
and 2030 (US Census Bureau statistics). With the increase in population, urban sprawl is expected to
further expand to accommodate the new population.

Imperviousness and its Impacts on Runoff Quantity and Quality

Watershed imperviousness imparts hydrologic modifications in the catchment; reduced
infiltration, increased surface runoff, decreased lag time, increased peak flow volumes, and lower dry
weather stream flow. Due to urbanization, increase in direct runoff to streams up to 5 times that of
pre-urban periods has been witnessed in Long Island, New York (Seaburn 1970). In addition to the
impact on water quantity, urbanization has an effect on the quality of the runoff. Impervious surfaces
accumulate pollutants which are washed off during storm events and eventually delivered to the
receiving waters. The National Water Quality Inventory: 2000 Report to Congress has identified
urban runoff as one of the leading sources of water quality impairment in surface waters (USEPA
2005).

Effects of Imperviousness on Stream Ecosystem

The impact of watershed imperviousness on the stream ecosystem is manifold. Physical,
chemical, and biological processes in the receiving waters are affected due to urbanization (Booth and
Jackson 1997; Paul and Mayer 2001; Walsh et al. 2004). The term “urban stream syndrome” has been
used to describe the consistently observed ecological degradation of streams draining urban land

(Walsh et al. 2005). Urban-induced flashy hydrographs, decreased baseflow, channel instability,
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elevated levels of sediments, metals, nutrients, pesticides, fecal coliforms and other contaminants,
stream warming, riparian deforestation, and decline in biodiversity in streams have been well
documented by various researchers.

Urbanization is considered one of the more serious immediate threats to brook trout
populations in Maryland. For a watershed impervious surface area of 0.5%, substantial reduction in
brook trout population was observed, while for imperviousness greater than 4%, brook trout is
expected to be completely eliminated (Butowski 2006). Figure 2-1 illustrates the extreme sensitivity

of brook trout to imperviousness land cover in a watershed.
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Figure 2-1. Sensitivity of Brook trout population to percentage watershed imperviousness
(Source: Boward et al. 1999)
Stream Warming
Research studies have indicated that imperviousness has a direct impact on, and high correlation
with, the stream temperature (Galli 1990; Booth and Jackson 1997; Schueler 2003; Wang et al. 2003).
Stream temperature enhancement has been attributed to a range of urban factors, including the
clearcutting of vegetation from streambanks, introduction of ponds and lakes, increased stormwater

runoff to streams, and a reduction in the amount of ground-water inflow (Pluhowski 1970; USEPA
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1999). Pluhowski (1970) observed 5-8°C increase in mean stream temperatures during summer in a
study in Long Island, New York.
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Figure 2-2. Effect of development on six headwater stream temperatures in Maryland
(Source: Galli 1990)

Galli (1990) performed continuous water temperature monitoring in six headwater urban streams
in the Piedmont portion of Maryland’s Anacostia basin. The watershed imperviousness ranged
between 0 and 60%. The study showed that the stream temperature increased by 0.14°F for each one
percent increase in watershed imperviousness. The study findings on the effect of urbanization on
stream temperature supported the work of Pluhowski (1970); urbanized Lower White Oak was
typically 4-15°C warmer than undeveloped, forested Lakemont tributary (Figure 2-2). The study
revealed that as the level of watershed imperviousness increased, the size of storm required to
produce large fluctuations in stream temperature decreased. The streams became increasingly

responsive to stormwater runoff inputs with the increase in watershed imperviousness. Study by
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Wang et al. (2003) in trout streams in Wisconsin and Minnesota predicted 0.25°C increase in water
temperature for each one percent increase in imperviousness.

Section 303(d) of the Clean Water Act addresses the thermal pollution of receiving waters. The
section states that “each State shall estimate for the waters identified as impaired the total maximum
daily thermal load required to assure protection and propagation of a balanced, indigenous
population of shellfish, fish and wildlife” (Federal Water Pollution Control Act, USEPA).
Temperature Total Maximum Daily Loads (TMDLSs) are being developed to protect the coldwater

stream habitats, especially in the Pacific Northwest (Kieser et al. 2003).

Response of stream biota to stream warming

Many research studies on the effects of elevated stream temperature on aquatic biota have been
conducted. Biotic integrity and species diversity are severely impaired at higher water temperatures.
Fish growth, metabolic rate, egg maturation, spawning, incubation success, distribution and migration
patterns, and resistance to diseases, parasites, and pollutants are influenced by temperature regimes
(Armour 1991; Schueler 2003; Butowski 2006). Hogg and Williams (1996) observed that a 2-3.5°C
water temperature increase in a stream in Ontario, Canada caused decrease in the total animal
densities, smaller size and altered sex ratios in the stream invertebrates, and increase in the growth
rates of amphipoda.

Temperature Sensitivity of Trout

When general temperature requirements are considered, fish can be grouped into coldwater,
coolwater, or warmwater categories (Armour 1991). Increased water temperature may preclude
temperature sensitive coldwater species such as salmon and trout. Alteration in thermal regimes can
change the relative distribution and population of the species; coolwater and coldwater species may
be completely extirpated and replaced by more tolerable species (USEPA 1999).

The comprehensive study on Maryland streams named Maryland Biological Stream Survey,

conducted by the Maryland Department of Natural Resources from 1995 to 1997, showed that the
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streams most affected by urbanization are in the Baltimore-Washington Metropolitan portions of the
Patapsco and Potomac Washington Metro river basins (Boward et al. 1999). The survey estimated the
current brook trout population in Maryland streams to be about 300,000, which once numbered more
than 3 million. The study cites that one of the most important reasons for the decrease in brook trout
population is water temperature. Due to the clearing of trees for urban development, previously
forested streams have been exposed to direct sunlight, combined with the input of heated runoff from
impervious surfaces and warm water discharges from ponds and lakes. Consequently, only few
streams have temperatures cool enough to support brook trout, particularly in the eastern half of the
state (Boward et al. 1999). Figure 2-3 depicts the historic change in the population of brook trout in

the state of Maryland.

o Current Distribution
I Historical Distribution g

Figure 2-3. Current and historical distribution of Brook trout in Maryland
(Source: Boward et al. 1999)

Temperature Requirements of Trout

Trout are adapted to cooler waters and may become stressed in thermally enhanced waters. Cold-
water streams are apparently the most ecologically sound at temperatures between 7 and 17°C (Lyons
and Wang 1996; Simonson 1996). Baldwin (1951) identified 14°C as optimal water temperature for

brook trout. The upper lethal water temperature limit for hatchlings is 20°C and approximately 25°C
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for juveniles and adults. Brown trout have an optimum temperature range of 7 to 17°C and become

stressed at temperatures above 19°C (Roa-Espinosa et al. 2003). Table 2-1 provides a summary of the

temperature regimes for trout species.

Table 2-1. Summary of temperature requirements and regimes for trout

Requirement/Criteria Temperature Range Reference
Growth and survival 11-16°C Baldwin (1951); Raleigh (1982);
Drake and Taylor (1996)

Optimal water temperature for brook trout

14°C (Maximum

Baldwin (1951); (MacCrimmon and

14.4°C) Campbell 1969)
Optimal water temperature for brown trout | 7 - 17°C Roa-Espinosa et al. (2003)
Spawning of brook trout 19°C Hokanson (1973)
Egg maturation and development 45-11.5°C (MacCrimmon and Campbell 1969)

Upper lethal water temperature limit

20°C (hatchlings);
25°C (juveniles and

adults)

(MacCrimmon and Campbell 1969)

Experimental LT50 (temperature at which

50% population survive) for trout

Brook : 25.2°C.
Brown: 26.2°C
Rainbow: 26.6°C

Grande and Andersen (1991)

Maryland Class Il standard for natural 20°C USEPA (1988)

trout waters

Maryland Class IV standard for 24°C USEPA (1988)
recreational trout waters

Maximum daily mean temperature (for 22°C Ross and Hari (2007)

brown trout)

Maximum temperature for 100% survival

exposure time (for brown trout)

1- minute: 28°C
10-minutes: 26.5°C

Ross and Hari (2007)

1-hour: 25°C
Change in temperature at the beginning of | <7°C Ross and Hari (2007)
storm event
Maximum daily temperature in winter <12°C Ross and Hari (2007)

Procedures to evaluate the temperature regimes of salmon namely, maximum weekly temperature

that should not be exceeded, short-term maximum survival temperature, upper and lower incipient
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temperatures, and lethality of exposure time based on the acclimation temperature have been
proposed by Armour (1991). The Maryland state Class 111 standard for natural trout waters and Class
IV standard for recreational trout waters have been established as 20°C (68°F) and 24°C (75°F),
respectively (USEPA 1988). The U.S EPA has placed limitations on the daily and weekly average

temperatures, and exposure times in marine and freshwater streams (USEPA 1988b).

Thermal Enhancement of Streams by Stormwater Runoff

Streams receiving storm runoff from urban impervious surfaces have been found to have
elevated temperatures (Galli 1990; Booth and Jackson 1997; Boward et al. 1999; USEPA 1999;
Walsh et al. 2003; Wang et al. 2003; Walsh et al. 2005). Stream warming due to heated runoff has
been reported as a severe and prevalent problem in Maryland (Boward et al. 1999). Summer is a
critical period when discharge of heated runoff can lead to a short-term spike in the stream
temperature at the beginning of a storm (Ross and Hari 2007). This is because summer storms are
usually characterized short heavy storms, typically more frequent in afternoon.

Best Management Practices

Low impact development strategies are often described as sustainable stormwater management
practices and have been widely employed to remediate the impacts caused by strormwater runoff
(USEPA 2000; Walsh et al. 2005; Bernhardt and Palmer 2007). Some of the widely employed best
management practices (BMPs) to control pollution impacts of stormwater runoff are bioretention,
grass swales, infiltration basins, wet/dry detention ponds, wetlands. Numerous studies have been
performed in order to evaluate the performance of these BMPs in reducing the pollutant load of the
stormwater runoff (USEPA 1999). However, the sensitivity of the BMPs in mitigating runoff
temperature has not been thoroughly investigated. Generally, little or no consideration is placed

towards temperature mitigation in the design aspects of the BMPs (Jones et al 2007).
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Thermal Impact Study of BMPs

Thermal impact of the BMPs on urban stormwater runoff can be considered to be under-
monitored and under-researched. Although the need for control measures to mitigate urban
stormwater thermal enhancement have been emphasized, limited studies have investigated the
performance of BMPs in reducing runoff temperature. Majority of such studies performed have
focused on wetlands, wet and dry detention basins (Galli 1990; Van Buren et al 2000a; Sherwood
2001; Kieser et al. 2003), and few studies on infiltration and bioretention facilities (Galli 1990; Jones
et al. 2007).

Runoff Temperature Mitigation Wetponds and Wetlands

Galli (1990) performed a study on four representative BMPs including an infiltration facility,
artificial wetland, extensive detention dry pond, and a wetpond in Maryland. Inflow and outflow
temperatures were monitored and violation of temperature standards during both baseflow and
stormflow conditions was evaluated. The study revealed that none of the four monitored BMPs
reduced the runoff temperature and in fact contributed to the increase in outflow temperature. The
BMPs ranked in order of temperature mitigation performance were infiltration-dry pond, artificial
wetland, extensive detention dry pond, and a wetpond. (See Table 2-2 showing the delta-T and
standard violations). Based on the observed runoff temperatures, trout cannot be expected to survive
at the outfall of any of the four BMPs.

Van Buren et al. (2000a) performed the thermal energy balance of an on-stream stormwater
management pond in Kingston, Ontario. The pond received runoff inflows from a parking lot (12.6
ha) and a creek (4500 ha). During the dry-weather days, net radiation and heating of the baseflow
owing to the large exposed surface area of the pond along with the lack of surrounding vegetation,
resulted in increased pond temperature. During rainfall events, the parking lot runoff contributed to
the thermal enhancement of the receiving waters and the thermal output was greater than the input.

Also, the average surface water temperature was 3.6°C higher than that at the pond bottom. The study
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illustrated that the per-area thermal energy contribution of the parking lot was 30 times higher than
that of the upstream catchment area consisting of residential and forested land use.

Sherwood (2001) studied the effectiveness of a naturally vegetated stormwater detention
basin in reducing the chemical loading and temperature of runoff from a residential development
located in Monroe County in New York. The facility did not have a significant thermal impact on the
runoff. During summer storms, the maximum inflow and outflow runoff temperatures were observed
to be similar, the mean outflow temperature being 0.5°C (0.9°F) higher than the mean inflow

temperature.
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UNDERGROUND SWM THERMAL MITIGATION STUDIES

Table 2-2. Summary of BMP Temperature Performance in Maryland (Source: Galli 1990)

Table 16 Summary: BMP Temperature Performancel/

BMP Type

Extended Detention Extended Detention
Parameter Infiltration-Dry Pond Wetland Dry Pond Wet Pond
Average Baseflow Delta~-T (°F) 2.6 3.9 5.5 9.7
Maximum Baseflow Delta-T (°F) 7.6 8.7 9.7 15.1
Average Stormflow Delta-T (*F) 2.3 2.4 5.2 8.5
Maximum Stormflow Delta-T (*F) 5.0 7.8 11.2 4.0
Average Total Delta-T (*F 2.5 3u2 5.3
Maximum Total Delta-T (°F 7.6 8.7 10.9 9.1
Percent Baseflow - Class 111 (68°F) 8 60 50 17
Yiolation of MDE - Class IV (75°F) % 15 10 35
Temperature Stds. = Class | (90°F) 0 0 0 0
percent Stormflow - Class 111 (68°F) 18 57 48 64
Violation of MDE - Class IV (75°F) 0 5 15 25
Temperature Stds. =~ Class | (90°F) 0 0 0 0

17.7 80.8 81.9 82.6

Maximum observed outflow water Temp ( F)

1/ - Total Delta-T values shown represent combined baseflow and stormflow temperatures (i.e., all flow conditions).

# - Class IV violation result of defacto extended-detention control.
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Runoff Temperature Mitigation of Bioretention Facilities

Recently, a thermal impact study was conducted on six BMPs located in trout sensitive
regions in Western North Carolina (Jones et al. 2007). Four bioretention facilities, one wetland and a
wetpond were monitored for inflow and outflow temperatures. The BMPs received stormwater runoff
from asphalt parking lots with or without any shading by trees or vegetation. During the summer
months, the mean effluent runoff temperature was significantly higher than the mean influent
temperature in both wetland and wetpond. The water temperature remained above 21°C threshold in
the deeper waters in the wetpond throughout the period. The outflow from the wetpond was warmer
than that from the wetland (p<0.05). Unlike the wetland and wetpond, the bioretention facilities
cooled the inflow runoff, although not below the 21°C threshold. Infiltration of runoff through the
bioretention area aided in the loss of heat to the surrounding soil. Further, the study found that runoff
conveyed through a buried metal pipe exhibited a temperature reduction of up to 6°C.
Thermal Impact of Other BMPs

Another LID practice, namely porous pavement, has been observed to provide some thermal
mitigation (USEPA, unpublished). Temperature mitigation in rock cribs has been studied in Dane
County (Roa-Espinosa 200). The field data indicated that the rock crib (volume 255 m®) filled to
capacity aided in effective mitigation of the runoff temperature until the initial volume of the crib was
completely replaced by the runoff. The rock crib did not reduce inflow temperature after the volume
was replaced.
Underground Stormwater Storage Facility

Underground storage and slow release facility is another versatile stormwater best
management practice. In ultra-urban settings, where surface space is a constraint, underground
detention systems provide best alternative to surface detention/retention ponds (Roberts 1997). These
systems are mainly designed to address the quantitative aspect of stormwater runoff by attenuating

peak flows. The outflow from underground storage facilities is controlled by orifice and/or weir
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combination. However, the ability of these facilities in reducing runoff temperature has not been
probed.
Summary of Performance of various BMPs in Temperature Mitigation

Wetponds and wetlands have been found to serve as a source of thermal pollution in most of the
studies. Large surface area of wetponds exposed to direct solar radiation and lack of shading result in
increase in water temperature. Shading by vegetation and riparian buffers can help reduce
temperature to some extent, but the outflow temperature might still be harmful to the receiving waters
(Galli 1990; Van Buren et al. 2000a). Bioretention facilities and grass swales have the potential to
reduce runoff temperature. With regards to design considerations, Jones et al (2007) pointed out that
the bioretention facilities with inadequate depth and not designed to capture the first flush, may cause
additional heating of the runoff. In general, stormwater BMPs promoting infiltration and providing
sufficient shading to detained runoff can mitigate runoff temperature (Kieser et al. 2003). The
performance of BMPs such as parallel pipe and baseflow diversion systems, multiple-port release wet
ponds, sand and peat filters, and conveyance systems in mitigating temperature are yet to be evaluated
(Galli 1990). No research study has reported the potential thermal mitigation in underground storage
facilities.
Thermal Impact Study of Underground Stormwater Storage BMP

Underground storage systems are BMPs that have not been monitored for stormwater runoff

temperature mitigation. Since these BMPs have been designed as slow release facilities, the runoff
from highway is stored in the underground pipes for some period. During this detention period, the
runoff can lose some heat by various heat transfer mechanisms. Hence, the BMP might be capable of

reducing the temperature of urban storm runoff.

Heat transfer Mechanism in Underground Storage Facility

During summer storms, the runoff from highway and other impervious surface is typically heated

up due to the convective transfer of heat from the hot impervious surface. The heated runoff flows

F-24 10/21/2008



into the underground pipes, where the ambient temperature is cooler than the high air temperature
outside, specifically in summer. In case the underground storage pipes have some stored volume of
water between storms, their temperature is expected to be same as the underground ambient
temperature. The pipe buried underground is also expected to be at the surrounding soil temperature.
The runoff flowing into the underground system is expected to lose heat by three main
mechanisms. Convective heat transfer in fluids is comprised of two mechanisms: diffusion (by
random molecular motion) and advection (by bulk motion) (Incorpera and DeWitt 1990). As the
heated runoff from highway flows into the system, it comes into contact with the pipe, surrounding
air and already stored runoff if any, all at a lower temperature. A temperature gradient exists between
the pipe wall and the inflow runoff. As runoff is conveyed through the pipe, convective heat transfer
will occur between the pipe surface and the flowing water. If any water is stored in the pipe, the
warmer inflow runoff mixes with the cooler stored water resulting in buffering of the temperature.
The runoff will be cooled by the surrounding air as well. Some heat might be conducted through the
pipe to the surrounding soil.
The detention time of runoff in the pipes will have an influence on the total heat transfer. Longer
retention time will allow for further cooling of runoff. However, the retention time of runoff in the
system depends on the volume received from the storm event. As more runoff flows in, the stored
water flows out, and this may limit the net heat loss. The convective heat transfer flux is proportional
to the temperature difference between the surface and fluid temperature. The proportionality constant,
called the convective heat transfer, is a function of the nature of flow motion, and thermal properties
of the material (Incorpera and DeWitt 1990). This suggests that the thermal conductivity of the pipe
material will control the rate of heat transfer between the pipe and flowing runoff; higher the
conductivity, greater the heat transfer and hence more reduction in the runoff temperature. The
temperature of inflow runoff varies depending on the season. Hence a seasonal variation in

temperature reduction in the BMP can occur.
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Modeling of Thermal Mitigation in BMPs

Thermal enrichment of runoff passing over heated asphalt pavement is well established and has
been modeled (Xie and James 1994; Van Buren et al. 2000b; Roa-Espinosa et al. 2003; Herb et al.
2006). Regression models for predicting stream temperatures as a function of watershed
characteristics, land use, solar inputs, and inflows from upstream channel and/or runoff from a
stormwater control have been developed (Huebner and Soutter 1994; Weatherbe 1995; Schroeter et
al. 1996; Wehrly et al. 1998). Thermal Urban Runoff Model (TURM) was developed by the Dane
County Land Conservation Department to predict the impact of urban development on stream
temperature and tested successfully in the Token Creek watershed in Dane County, Wisconsin (Roa-
espinosa et al. 2003).

Thermal impact of best management practices have been also been modeled. Van Buren et al.
(2000a) modeled an on-stream stormwater management pond in Kingston, Ontario by thermal energy
balance approach. Assuming the pond is in a completely mixed condition, the average pond
temperature was estimated as a function of the thermal energy stored in the pond. A routine in the
TURM model accounts for the gain or loss of heat from the passage of water through swales,
detention basins, and rock cribs. TURM predicted that cooling of the runoff passing through rock crib
and grass swales (Roa-espinosa et al. 2003). Herb et al. (2007) at the St. Anthony Falls Laboratory
(Minnesota) developed hydro-thermal models to simulate temperature mitigation of surface runoff in
wetland basins. The simulations predicted the wetland complex to reduce runoff temperature by 2.6
°C, on average for Minnesota climate conditions, compared to unmitigated runoff from an asphalt
parking lot.

To summarize, many models have been developed to predict the runoff and stream temperatures.
Thermal impact of BMPs has been modeled for limited types of BMPs. Since heat transfer models
will measure the performance of the BMP in reducing runoff temperature, modeling the thermal
impact of a BMP will yield useful information regarding the employment of BMPs for mitigating

temperature of urban stormwater runoff for various imperviousness conditions.
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Research Direction

While the need to control thermal pollution by storm runoff has been recognized in many
research studies, limited studies have investigated the thermal sensitivity of BMPs. Wetponds and
wetlands have been found to increase runoff temperatures while small reduction in temperature has
been noticed in BMPs with infiltration. Evaluation of the thermal impact of the underground
stormwater management facilities has not been performed. Through field study and modeling of the
heat transfer in the system, the efficiency of the underground storage BMPs in mitigating stormwater
runoff temperature can be quantified. This research will be a promising study towards managing
thermally enriched stormwater runoff in urban areas. Results from this study will equip the urban
stormwater planners and managers with the knowledge of thermal impact of underground storage

systems which can serve as an effective stormwater management tool.
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METHODOLOGY
Site Description

Several underground stormwater management facilities in Maryland were investigated to
determine their suitability for inclusion in this study. The sites were evaluated based on the size of
drainage area, percentage imperviousness, asphalt vis-a-vis concrete pavement, number of inflow
points, accessibility of inlet and outlet points, and safety at the site. Two BMPs, BMP 3007 and BMP
3008, both located along 1-83 northbound, north of Seminary Avenue in Baltimore County (Figures
3-1 to 3-4), were chosen for the study. Both the BMPs are located within the Maryland State Highway
Authority right-of-way. A pavement sensor is located in 1-695 at 1-83 N, at a distance of
approximately 3.22 km (2 miles) from the two BMPs. The sensor measurements include rainfall
intensity, air temperature, pavement temperature and other weather parameters such as relative
humidity, dew point, and wind speed and direction.

BMP 3007 and BMP 3008 were both modified to have two inflow points by blocking one
inlet in each facility and redirecting the runoff into their respective downstream inlets. The drainage
area to BMP 3007 is 1.07 ha (2.64 acres), of which 66% is impervious. BMP 3008 has a contributing
drainage area of 1.23 ha (3.04 acres) and impervious fraction of 43%. The characteristics of the
drainage areas of the two BMPs, including SCS curve number and time of concentration (T,), are

summarized in Table 3-1.
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Figure 3-1. Map location of 1-83 study sites BMP 3007 and BMP 3008
(Source: www.maps.google.com)
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Figure 3-2. Study site BMP 3007 behind the noisewall along 1-83 NB

Figure 3-3. Study site BMP 3008 along 1-83 NB
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Figure 3-4. Inlet I-43 of BMP 3008 along 1-83 NB

Table 3-1. Drainage characteristics of BMP 3007 and BMP 3008

Structure Drainage Curve Impervious %
BMP Number (or Inlet) Area(ha) Number Te (hn) Area (ha) Impervious
I3-5 0.12 98 0.10 0.12 100%
3007 | 3-4 blocked
MH 3-3 0.95 62 0.10 0.58 61%
Total 1.07 66 0.70 66%
| 4-3 0.05 98 0.10 0.05 100%
3008 14-1 blocked
MH 4-3 1.18 81 0.38 0.48 41%
Total 1.23 82 0.53 43%

The runoff from the highway flows into two inlet pipes of the BMP. In each BMP, the
underground storage system consists of six HDPE pipes, each 122 cm (48 in.) in diameter. The
outflow is controlled by a 3.8 cm (1.5 in.) orifice. The total length of pipes in BMP 3007 and BMP
3008 are 166 m (544 ft) and 188 m (616 ft) respectively, their corresponding storage capacities being
210 m® (7419 ft®) and 236 m® (8316 ft%).

Monitoring and Sampling
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Monitoring equipment was installed in BMPs 3007 and 3008 in September 2007 to
continuously measure and record flow depth, conductivity and temperature of stormwater runoff at
the inflow and outlet points, air temperature, and rainfall depth. The sensors are manufactured by
Global Water Instrumentation, Inc. (Gold River, CA). A Global Water FL16 flow logger was
installed to record the stormwater runoff flow rate and temperature at the BMP inflow and outflow
pipes. The probe has an operating temperature range of -40 to +85°C. The sensor works in depths as
low as 1.9 cm (3/4 in.) and can be programmed to suit the pipe characteristics. Conductivity
measurements were made using a conductivity sensor (WQ301) working over the range of 0-5000
microsiemens/cm. The sensors were placed in the underground conveyance pipes (Figure 3-5) and
their loggers in a weather-proof box (Figures 3-6). A 15.2 cm (6 in.) tipping bucket rain gauge (RG
200) was installed to record the rainfall at the site at two minute intervals. The temperature sensor
(WE700), capable of operating in the temperature range of -50 to +50°C, was installed to record air
temperature. The air temperature sensor was mounted on a post and housed in a ventilated solar shield
having high reflectiveness, low heat retention and low thermal conductivity in order to protect it from
direct sunlight effects (Figure 3-7).

The conductivity sensor, air temperature sensor and rain gauge were connected to individual
data loggers (GL500-2-1 USB model) capable of recording over 81,000 readings. The data logger can
be programmed to sample at the desired interval from 1 second to multiple years. The instruments are
battery powered and operate on a Windows-based software interface. The data stored in the logger’s
memory were retrieved by downloading as a file into a laptop.

Each probe was programmed to continuously record data at two-minute intervals. It was
proposed to collect data for as many rainfall events as possible, placing importance on data obtained

during late spring, summer, and early fall, when high temperatures are most critical.
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Flow probe

Conductivity
sensor

Figure 3-5. Flow and conductivity sensors installed in the 122 cm (48 in.) underground conveyance
pipe

Weather-proof box

MH 4-1 at outlet for data loggers

of BMP 3008

e

Figure 3-6. Set up of instruments at the site
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Air Temperature
sensor

Rain gauge

Figure 3-7. Rain gauge and air temperature sensor installed at the site

Data Collection

Runoff flow, temperature, and conductivity were monitored from the end of September 2007

through August 2008. Several initial installation problems occurred at the site. Rainfall data for the

months September to November 2007 were lost due to calibration error in the rain gauge. Flow and

temperature data were lost at the outlet of BMP 3008 due to malfunctioning of the flow probe for a

short period. The probes at one inlet in each of the two BMPs did not record any flow during the

storm events until December 2007. As a measure to capture most of the runoff from the highway, it

was proposed to install weirs in the inlet pipes to increase the flow depth. The installation of weirs

and replacement of non-functional units was completed in February 2008. In total, 75 events were

recorded since equipment installation. However, due to the initial problems encountered at the site, it

was necessary to exclude the data collected from September 2007 until the reinstallation in February
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Data Quality Assurance and Quality Check

Rainfall Data

As a measure of quality check, rainfall depths recorded at the 1-83 site were compared to the
recordings at a weather station in Timonium, Maryland. The weather station, located at a distance of
approximately 6 miles from the study site, measures rainfall rate, air temperature, and other weather
parameters such as humidity, dew point, pressure, and wind speed at 5-minute increments. The data
recorded at the weather station are accessible through the web

(<http://www.wunderground.com/weatherstation/WXDailyHistory.asp?ID=KMDTIMON1&month=1

0&day=19&year=2007>). The total rainfall depth recordings at the site and the weather station were

found to be in good agreement for most of the events.
Flow Data

The inflows observed at the inlets of the BMPs were found to be unrealistic. This was because
the inflow into the system was much higher compared to the observed outflow, resulting in volume
imbalance. Additionally, the inflows exceeded those reasonable for rainfall depth and drainage area.
It is essential to achieve flow balance in the system to perform data analysis of any kind. It was thus
necessary to simulate the runoff into the BMPs.
Simulation of Runoff

TR-55 was employed to simulate the runoff from the area draining each of the inlets based on

the rainfall depth recorded at the study site (USDA 1986). Simulations using weighted curve number,
computed based on cover type of the drainage area (See Table 3-1), produced small or no runoff for
the range of rainfall recorded at the site. However, the probes installed in the inlet pipes had
responded to these storm events. This suggested that a modification was required in the approach
adopted to simulate runoff. It is reasonable to assume that runoff is generated from the impervious
area only and the rainfall occurring over the grassy/pervious area is completely infiltrated for most

common events. Based on this assumption, runoff to an inlet was computed using the fraction of
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impervious area as contributing drainage area and the corresponding curve number of 98 as input.
Simulations were performed for a number of storm events and the simulated runoffs compared to the
observed inflows.

The simulated flows matched the trend of the observed flow but were of significantly lower
magnitudes. The simulated runoff and observed flow at the two inlets of BMP 3007 during an event
on 4 May 2008 is shown for comparison in Figure 3-8. The simulated inflows and observed outflow
at BMP 3007 during the same event is also shown in the figure. The simulated inflows and observed
outflow yielded flow balance in the storage system for most of the storm events. This suggested that
the approach adopted for simulating runoff was acceptable. Inflows to each inlet of the two BMPs

were simulated using rainfall data for all the storm events and utilized for all data analyses.
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Data Analyses

Complete data set for flow, temperature, and rainfall were available beginning February 2008.
In total, 41 storm events occurred between February 22 and August 22, 2008 and were considered for
data analyses.
Event Mean Temperature

For each storm event, the total thermal energy (E) present is calculated as:

Ty
E= j QTpC,,dt (3-1)
0

where Q is the measured stormwater flow rate, T is the water temperature, p is the density of water
and Cy, is the specific heat capacity of water. Ty is the duration of storm event. Substituting the flow
and temperature observed at the inlets and outlet, the total thermal energy in and out can be obtained
respectively.
The event mean temperature (EMT) is defined and calculated similarly as:
Ty
[ TQat
_ 0
EMT = = (3-2)
[ Qat
0

The EMT represents the temperature that would result if the entire storm event discharge were
collected in one container. Since EMT weights discrete temperature measurements with flow
volumes, EMT aids in the comparison of temperatures between inflow and outflow and among
different events. By combining the events on a monthly (or seasonal) basis, the flow-weighted mean
monthly (or seasonal) temperature can be computed for each month (or season). Additionally, peak
input and output temperatures can be evaluated for each storm. The event mean temperature and peak
temperature at the inlet and outlet are metrics employed to evaluate the reduction in temperature

achieved in the underground system.
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Exceedence of Threshold Temperature

The Maryland state water quality maximum temperature standard for wild reproducing trout
stream designations (Maryland Department of the Environment, Use 111, Natural Trout Water) has
been established at 20°C (Butowski et al. 2006). Baldwin (1951) identified 14°C as optimal water
temperature for brook trout. Brown trout have an optimum temperature range of 7 to 17°C and
become stressed at temperatures above 19°C (Roa-Espinosa et al. 2003). In the present study, two
temperature thresholds were considered, namely optimal water temperature for brook trout of 14°C
(63°F) and the Maryland State Class 111 temperature standard of 20°C (68°F). Volume of water and
time exceeding these two temperature thresholds at the inlet and outlet are evaluated for each storm.
This would demonstrate the possibility of the trout being subjected to stress if the runoff from
highway and outflow from BMP were to be directly introduced into the stream. Also, an
understanding of the performance of the system in abating temperature can be achieved.
Heat transfer Model
Model formulation

The impact of the underground storage BMP in mitigating stormwater runoff temperature can
be estimated using a heat transfer model. The underground storage system consists of parallel pipes of
diameter 122 cm (48 in.). For the purpose of modeling, the pipes are considered as a single storage
pipe of 122 cm, and of length equal to the combined lengths of all pipes in the system. This pipe will
be modeled as a set of completely mixed tank reactors (CSTR) in series. In this design, it is assumed
that the water flowing in is instantaneously and completely mixed with the stored water and hence the
temperature of water is uniform over the volume in a given CSTR.

For each CSTR, knowing the initial volume (V) of water stored, the equation below can be

solved for 6 (Figure 3-9):

2

V= R?(e —sing)L (3-3)
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The flow depth in the storage pipe can be calculated using:
h= R(l— cos g} (3-4)

The outflow is calculated based on the flow depth assuming that it is controlled by a weir or orifice

using:
3
Q, :%cd 2gh’ =§Cd1/2g{R(1—cos§ﬂ2 (3-5)
. 0
or for orifice Q, =C,ay2gh = Cda\/ZQR(l_COSEJ (3-6)

where R is the radius of the storage pipe (m), € is the angle subtended by the water surface at the
center of the pipe (radians), L is the length of one CSTR (m), h is the flow depth, which is the head
over the weir or upstream head above the center of the orifice (m), Cy is the coefficient of discharge, a
is the area of the orifice (m?), d is the diameter of the orifice (m), and g is the acceleration due to
gravity (ms™).

The storage in the pipe is calculated by solving the flow balance differential equation:

= Qu+Que —Q, 1)
where Qin; and Qin, are the two inflow rates (m®s™), and Qq is the computed outflow rate (m3s™).

In the summer, the runoff flowing into the underground pipe is at a higher temperature
compared to the water stored in the pipe, if any. Heat is transferred from the inflow water to the
stored water by convection. As water flows through the pipe, heat will be transferred to the pipe walls
from the runoff by convection. Some heat transfer might occur to surrounding air in the pipe. The
heat transfer phenomenon occurring in the pipe is shown by a simple diagram in Figure 3-9. For

simplicity, it is assumed that conduction of heat through the pipe wall and to the surrounding soil is

negligible.
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T, = Temperature of stored water
T, = Temperature of air
To Ta T, = Temperature of pipe

Fipe

-

AT A b TR

Storm water
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Initial condition: T, =T, =T,

Figure 3-9. Schematic diagram of heat transfer in the storage pipe and air

Taking into consideration these heat transfer terms, the heat balance for the system is given

as:
Heat energy stored = Heat in — Heat out — Heat loss (3-8)

The heat loss term includes the heat transferred to the pipe wall and the surrounding air. Although, the
heat loss to the air is likely to be very small due to the poor thermal conductivity of air, the water-air
heat transfer term is taken into consideration.

The volume of water stored in the pipe is the control volume for performing the heat balance.
The change in heat energy in the system per unit time can be expressed in the form of a differential
equation as:

dE dT,
E =prWC PWd_to = Qinlpr pWTinl + Qinzpwc pWTinZ - QoprpWTo o UaAa(To _Ta)_ U pAp (To _Tp)

(3-9)
where T is the temperature (°C), p, is the density of water (kg m), C, is the specific heat capacity of
water (J kg™°C™), U is the overall heat transfer coefficient (J s* m? °C™), A iis the surface area in
contact (m?), and M is the mass (kg). Subscripts ‘a’, ‘p’ and ‘w’ denote air, pipe and water,

respectively.
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The change in air and pipe temperature can be obtained by a heat balance on the surrounding

air and that on the pipe:

MacpaﬂzuaAa(To _Ta)
dt
dT,
M,Ch dt =UpAp(To _Tp)
where,
A, :2RLsinQ
2
Ap =RAL
M. =paR{H_6—sm6’}
M, =p,AK

(3-10)

(3-11)

(3-12)

(3-13)

(3-14)

(3-15)

Here, k is the thickness of the storage pipe (m). By solving the differential equations (3-9, 3-10 and 3-

11) simultaneously by a numerical approach, the outflow temperature can be obtained along with the

air and pipe temperature. The constants used in the above equations are listed in Table 3-3.

Table 3-3. Constants and parameters used in the heat transfer model

Parameter/Constant Value Units Reference
Data Qi m’s™
Ti °C
g 9.8 | ms? Gibson (1952)

Pw 1000 | kg m* Incorpera and DeWitt (1990)
Do 950 | kg m’ Matweb

Constants Da 1.247 | kgm® Incorpera and DeWitt (1990)
Cow 4186 | Jkg*°c*t Incorpera and DeWitt (1990)
Cop 2200 | Jkg™°C* Matweb
Cpa 1012 | Jkg*°C™ Incorpera and DeWitt (1990)
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Implementation and Programming

Based on the CSTR-in-series design of the system, the pipe is divided into ‘n” number of
CSTRs of equal lengths L. The first reactor in the series receives two inflows, as observed in the
study sites. The outflow from the first reactor is the input to the second reactor and so on. The flow
from one reactor to the successive one, except to the last, is assumed to be controlled by a weir. The
outflow from last reactor is controlled by a 3.8 cm (1.5 in.) orifice, as existing in the study sites. A

simple schematic of the underground storage system and the model design is shown in Figure 3-10.

== Flow probe
=== Conductivity probe

Inlet pipe

I II|II "l

| 6# 48” Underground storage |

/ / / / / /
qé F < F < F < F < FZ oo |

| n CSTRs-in-series, each of |

Figure 3-10. Schematic representation of underground system and model design

For each reactor, the volume and temperature differential equations, developed in the
previous section, are solved numerically by the Runge-Kutta method in Matlab. Runoff inflow and
temperature observed at the site and constants (discharge coefficients, density and thermal constants)
are the inputs to the model. The model assumes that the stored water (if any), pipe wall and air have
the same initial temperature, which is specified as an input. In the water balance module, the model

computes the outflow rate and the storage in the system. In the second module of the code, the model
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predicts the temperature of runoff at the outlet as a function of time. The model results can hence be
used to quantify the reduction in temperature of runoff.
Model Evaluation

Evaluation of the heat-transfer model is essential to determine the prediction accuracy of the
model. The observed and model-predicted outflow temperature is compared for a number of events to
determine whether the model underpredicts or overpredicts the temperature. The bias and relative bias

in the model predictions can yield the level of prediction accuracy of the model.
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Field Study

Event Characterization

RESEARCH PROGRESS

Totally, 43 storms comprising rainfall depths ranging from 0.15 to 4.72 cm (0.06 to 1.86 in.)

were recorded at the study site from February through July 2008. The total rainfall depth and duration

of each storm event are summarized in Table 4-1. The highest rainfall depth of 4.72 cm (1.86 in.) was

recorded on 28 April, 2008. The duration of this event was about ten hours.

Table 4-1. Rainfall data for Timonium site from February until August 2008

Rainfall Event Rainfall Event
Event Date Depth Duration | Event Date Depth Duration
cm (in.) hour cm (in.) hour
2/26/2008 0.25 (0.10) 2.60 5/10/2008 0.46 (0.18) 5.03
2/26/2008 0.25 (0.10) 1.50 5/12/2008 4.72 (1.86) 26.63
3/4/2008 0.99 (0.39) 3.30 5/16/2008 1.19 (0.47) 9.53
3/5/2008 0.56 (0.22) 2.13 5/18/2008 0.18 (0.07) 1.17
3/5/2008 0.13 (0.05) 1.60 5/18/2008 0.25 (0.10) 0.40
3/7/2008 1.37 (0.54) 9.50 5/20/2008 0.53 (0.21) 2.73
3/8/2008 0.71(0.28) 10.17 5/20/2008 0.56 (0.22) 1.13
3/16/2008 0.66 (0.26) 6.87 5/31/2008 1.09 (0.43) 3.77
3/18/2008 0.18 (0.07)" 2.90 6/3/2008 0.15 (0.06)" 0.97
3/19/2008 1.42 (0.56) 7.27 6/4/2008 0.99 (0.39) 2.60
3/20/2008 0.28 (0.11) 1.40 6/4/2008 0.84 (0.33) 0.97
4/1/2008 0.28 (0.11) 4,53 6/4/2008 0.10 (0.04)" 1.47
4/3/2008 1.47 (0.58) 12.27 6/10/2008 1.80 (0.71) 2.93
4/6/2008 0.58 (0.23) 5.57 6/28/2008 0.38 (0.15) 0.47
4/11/2008 0.48 (0.19) 0.70 6/29/2008 0.18 (0.07)" 0.13
4/13/2008 0.15 (0.06)" 1.30 6/30/2008 0.48 (0.19) 0.17
4/20/2008 0.53 (0.21) 0.93 7/6/2008 0.48 (0.19) 0.37
4/20/2008 4.17 (1.64) 3.53 7/9/2008 1.50 (0.59) 0.50
4/21/2008 0.76 (0.30) 1.13 7/13/2008 3.10 (1.22) 12.20
4/26/2008 0.64 (0.25) 4.03 7/23/2008  3.66(1.44) 5.10
4/28/2008 3.12 (1.23) 10.17 7/30/2008 0.99 (0.39) 0.30
5/9/2008 3.12 (1.23) 14.33

“indicates events falling below the rainfall threshold value
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As seen in Table 4-1, majority of the storm events are in the range of 0.25 to 1.5 cm (0.1 to 0.6

in.). Totally, only five events measuring rainfall depths greater than 2.54 cm (1 in.) were observed

during the monitoring period. In summer, the storms were characterized by intense short-duration

rainfall.

The volume-duration-frequency of the storm events included in the analyses was compared to

the distribution of rainfall in 15 stations in Maryland (Kreeb and McCuen, 2003). The purpose of the

comparison was to ensure that the rainfall data chosen for data analyses were representative of those

expected in the state of Maryland. The study conducted for the 15 stations in Maryland was based on

10352 storms. Table 4-2 shows the frequency of storms events of given volume and duration at the

study site. The statistics for the 15 stations in Maryland are also included in the table for comparison.

Table 4-2. Rainfall data recorded at the 1-83 site from February until July 2008

Rainfall Depth, cm Total
Event 0.025- 0.255- 0.636- 1.271- 2.540 | Timonium, Stat1i5ons
Duration 0.254 0.635 1.270 2.540 < MD MD* '
1hr 0.0732 0.1220 0.0244 0.0244 0.0000 0.2439 0.3290
2 hr 0.1463 0.0488 0.0244 0.0000 0.0000 0.2195 0.0756
3hr 0.0244 0.0488 0.0244 0.0244 0.0000 0.1220 0.0627
4-6 hr 0.0000 0.0976 0.0488 0.0000 0.0244 0.1707 0.1234
7-12 hr 0.0000 0.0000 0.0732 0.0488 0.0244 0.1463 0.1818
13-24 hr 0.0000 0.0000 0.0000 0.0244 0.0488 0.0732 0.1616
24< hr 0.0000 0.0000 0.0000 0.0000 0.0244 0.0244 0.0659
Timonium,
Total MD 0.2439 0.3171 0.1951 0.1220 0.1220 1.0000 1.0000
15 Stations,
MD* 0.3288 0.1461 0.2131 0.1747 0.1373 1.0000

* (Table 3-5, Kreeb and McCuen, 2003)

On comparing the two frequency distributions, it can be observed that the percentage of storms

of rainfall depth range of 0.255 to 0.635 cm is higher at Timonium than for the 15 stations in
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Maryland. The 0.025- 0.254 rainfall depth range is 24% at Timonium compared to nearly 33% for the
15 stations. The other rainfall depth ranges are similar to each other. Taking into consideration the
smaller sample size and sampling variation involved in the present study, it can be concluded that the
rainfall data chosen for analysis adequately represents Maryland and is unbiased.

The two BMPs received very small volume of inflow during storm events measuring rainfall
depths less than 0.25 cm (0.10 in.). However, the volume was not large enough to produce measurable
outflow from the underground systems. Hence, a threshold rainfall depth value of 0.25 cm was fixed
and only rainfall events equal to or more than the threshold value were considered for the analyses.
During large storm events, outflow from the storage system continued for long periods, up to two
days after the event. Smaller storm events of rainfall depth less than 0.25 cm occasionally occurred
during these periods. Hence, such events, having rainfall depth less than the threshold depth and
preceded by large storm events, were not eliminated. Totally five events were eliminated from the
record of storm events, thereby reducing the storm sample size from 43 to 38 (Table 4-3). Runoff

flows to the inlets were simulated for each of the selected storm event by the TR-55 method.

Table 4-3. Total number and rainfall depths of events recorded in each month at
Timonium and events selected for the purpose of analysis

Month Events Events
Total Total Rainfall Above Total Rainfall
Depth , cm Threshold* Depth, cm

Feb-08 2 0.51 2 0.51
Mar-08 9 6.30 8 6.12
Apr-08 10 12.19 9 12.04
May-08 9 12.14 9 12.14
Jun-08 8 4.93 5 4.50
Jul-08 5 9.86 5 9.86
Total 43 45.92 38 45.16

*Includes storms below threshold but preceded by large storm events
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General Observations

The general characteristics of flow, temperature, and conductivity during all the storm events
are discussed in this section. A storm event is accompanied by a drop in the air temperature prior to
the start of the event. After it begins to rain, it takes about 6 to 10 minutes (inlet 2 and inlet 1) for the
runoff from the highway to flow into the underground facility. Since the pavement is warm at the
beginning of the storm, an initial spike is observed in the inflow temperature. The inflow temperature
gradually decreases as the storm progresses due to the cooling of the pavement. The average
detention time of the inflow in the storage facility is between 10 and 20 minutes. The outflow
temperature is more uniform compared to the inflow temperature and is observed to follow the trend
of the inflow temperature until the inflow ceases.

The conductivity measurements support the start and stop of the inflow to the system. An
initial spike is observed in inflow conductivity due to the first-flush phenomenon. The lag time
between inflow and outflow conductivity peak is observed to be similar to that of temperature. The
level of conductivity in the stormwater runoff is found to have seasonal variations. High levels of
conductivity in the inflow runoff were measured during winter due to the use of salts to melt ice and
snow on the highway. The concentration of salts in the runoff decreased in spring and a further
decrease was observed in summer.

Another observation regarding the inflow temperatures was the effect of percent
imperviousness. The fraction of impervious area in the drainage area of an inlet influenced the inflow
temperatures at that inlet. In each BMP, higher inflow temperatures were recorded at the inlet drained
by a larger fraction of impervious area than at the inlet having smaller impervious fraction for most of
the events. Factors such as intensity, duration, and time of occurrence of the storm event also have an
effect on the inflow temperature. The time of the day determines the air temperature and the
pavement temperature and hence influences the runoff temperature. However, detailed analysis of the

influence of these factors on temperature has not been performed in the current study.
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The general observations are illustrated for the June 30, 2008 storm (Figure 4-1). The total
rainfall depth recorded during this event was 0.48 cm (0.19 in.). The total duration of the event was
10 minutes. The air temperature dropped by over 10°C about before the event occurred. BMP 3007
received inflow six minutes after it began to rain. The highest inflow temperature of 21.7°C (71°F)
was recorded during this event. The inflow temperature gradually reduced as the event progressed.
Outflow from the system was observed six minutes after the runoff inflow began. The lag between
peak inflow and outflow temperatures was around ten minutes. The outflow temperature remained
lower than the two inflow temperatures throughout the event and then gradually approached the
ambient underground temperature. High inflow runoff conductivity was measured when the inflow
began and then gradually decreased to almost zero conductivity. This is because the salts on the

highway are washed-off during the first few minutes of the storm.
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Figure 4-1. Plot of flow, temperature and conductivity of BMP 3007 on June 30, 2008 storm
(Flow, temperature and conductivity measurements are plotted at two-minute intervals
and rainfall is plotted at six-minute intervals)
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Analysis of Storms of Different Temperature Ranges

During the monitoring period, the inflow and outflow runoff temperatures exhibited a seasonal
variation. The inflow temperature ranged between 3.0 and 11.0°C (37 and 50°F) during the months of
February and March 2008. The outflow temperature showed small or no difference from the inflow
temperature during these months. The inflow temperature increased in the following months and very
high inflow temperatures were observed in June and July 2008. Some reduction in the temperature
was observed during the warmer periods.

Maximum, Minimum and Mean Monthly Temperatures

The maximum, minimum, and flow-weighted mean inflow and outflow temperatures were
computed for each storm. In order to depict the overall temperature reduction achieved in the
underground storage BMP, the storm events were combined on a monthly basis. The computed
monthly temperatures along with the monthly rainfall depths are summarized in Table 4-4a. The
difference (AT) between the flow-weighted mean monthly inflow and outflow temperatures is a
measure of the temperature reduction achieved in a particular month. Hence, a positive AT would
suggest that the underground storage BMP aids in the reduction of the runoff temperature. However,
it is required to determine if the temperature reduction achieved in the BMP is significant enough to
prove the effectiveness of the BMP.

Figures 4-2 shows the flow-weighted mean monthly inflow and outflow temperatures
computed for the monitoring period. The optimum temperature ranges for brook trout and brown
trout, and the MDE Class 111 temperature level are shown in the figure. In Figure 4-2, there is a clear
trend of increasing monthly mean temperatures from February through August. While little or no
difference exists between the mean inflow and outflow temperatures for the months February to May,

some difference is exhibited for the months of June and July.
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Table 4-4a. Summary of maximum, minimum, and flow-weighted mean monthly temperature at inlet and outlet of BMP 3007

Month (;lclér\?:r?trs Inlet 1 Temperature Inlet 2 Temperature Inflow Temperature* Outflow Temperature
Maximum Minimum EMT Maximum Minimum EMT Maximum Minimum EMT Maximum Minimum EMT
°C °C °C °C °C °C °C °C °C °C °C °C
Feb-08 2 5.0 33 47 55 5.2 5.4 55 33 438 5.1 3.9 5.0
Mar-08 8 9.5 4.7 75 10.1 55 7.6 10.1 4.7 75 10.7 5.3 7.6
Apr-08 9 14.0 49 114 13.3 58 11.0 14.1 49 114 14.1 51 9.7
May-08 9 145 88 11.6 16.2 8.2 115 16.2 82 116 155 9.0 115
Jun-08 5 21.5 143 16.3 19.7 11.3 148 21.5 11.3 16.0 18.3 83 155
Jul-08 5 24.1 18.7 21.0 21.2 17.3 20.0 24.1 17.3 20.8 22.4 16.5 194
Total 38
*Inlet 1 and Inlet 2 combined
Table 4-4b. Mean reduction of temperature in each month in BMP 3007
Month  EMT in EMT out AT = EMT in - EMT out
°C °C °C
Feb-08 4.8 5.0 -0.2
Mar-08 7.5 7.6 -0.1
Apr-08 11.4 9.7 1.7
May-08 11.6 115 0.1
Jun-08 16.0 15.5 0.5
Jul-08 20.8 19.4 1.4
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Figure 4-2. Flow-weighted mean monthly temperatures for BMP 3007

In Table 4-4a, it can be seen that the mean temperature of outflow runoff is slightly higher than
that of inflow during February and March, resulting in a negative AT. The AT for the months April
and May are small and positive (Table 4-4b). It can be hypothesized that during colder months, the air
temperature is lower than the ambient underground temperature. Hence, little or no reduction in
temperature might occur. It was observed that the air temperature was approximately 7°C (45°F) or
less and the ambient underground temperature around 4.5°C (40°F) in February and early March. The
inflow temperature ranged between 3.0 and 7.0°C (37 and 45°F). In most of the events, the outflow
temperature was at least higher 0.3°C greater than the inflow temperature during the major part of the
storm. Thus, the computed mean outflow EMT was greater than that of inflow. Since the AT values
for these months are small, they can be considered to be insignificant. Also, the observed inflow and

outflow temperatures fall within the optimum temperature range for survival of trouts. This suggests
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that although the BMP is not effective in reducing the temperature during colder months, the outflow
temperatures are not detrimental to the trout.

Inflow and outflow temperatures exceeding the two threshold temperatures were recorded
during summer (Table 4-4). In June, the flow-weighted mean temperature at the inlet and outlet were
16°C (60.9°F) and 15.5°C (59.8°F) respectively. Thus, the mean temperature reduction was around
0.5°C, which may not be very significant. Both mean inflow and outflow temperatures exceed the
optimum temperature of 14°C for brook trout but are lower than the MDE Class |11 threshold (Figure
4-2).

A further increase in inflow temperature levels was observed in July. During this month, the
inflow temperature ranged between 17°C and 24°C (63°F and 75°F). The high temperature range is
because the majority of the storm events occurred in late afternoon when the air and pavement
temperatures are very high. The highest inflow temperature of 24°C (75°F) was observed in the 13
July, 2008 storm. The flow-weighted mean inflow and outflow temperatures were computed as
21.7°C (71°F) and 19.7°C (67°F) respectively for this month. The mean temperature reduction of 2°C
can be considered significant. However, the mean outflow temperature surpassed the 14°C optimum
temperature threshold and is only 0.3°C less than the MDE Class 11 threshold (Figure 4-2).
Exceedence of Threshold Temperature

As mentioned earlier, two temperature thresholds, namely optimal water temperature for brook
trout of 14°C (63°F) and the Maryland State Class 111 temperature standard of 20°C (68°F), are
considered for evaluating the performance of the BMP. In some occasions, the upper limit of the
optimum temperature range for brown trout, 17°C, was exceeded. Hence, the 17°C limit was
considered as an additional check to evaluate the BMP. Table 4-4a and Figure 4-2 clearly show
instances of outflow temperature levels capable of stressing trout during summer.

The exposure of trout to the inflow and outflow temperatures and their exposure volume were

computed for each storm event. For ease of representation, the time and volume of inflow and

F-54 10/21/2008



outflow water exceeding the two temperature thresholds are shown on a monthly-basis. Since summer
is the period of interest, more emphasis is placed on summer storms.
Time of Exposure and Volume Analysis

Firstly, the results of the analysis performed on storms recorded in a colder month are
presented. Inflows to and outflows from BMP 3007 from eight storm events in the month of March
were combined to perform the analysis. BMP 3007 received inflow for nearly 50 hours during March.
Figure 4-3a is a time-based plot of the inflow and outflow temperatures. As can be seen in Figure 4-
3a, the outflow temperature was at least 0.5°C higher than the inflow temperature during most of the
month. While the maximum outflow temperature was 10.7°C, the maximum inflow temperature was
10.1°C. The combined volume of flow to inlet 1 and inlet 2 from the eight storms was 275 m?®. Of this,
almost 90 m® outflow volume was nearly 0.6°C higher than the inflow volume for the temperature
range 10.7 to 9°C (Figure 4-3b). The inflow temperature was cooled almost 2°C in the lower
temperature ranges. However, it is evident that both inflow and outflow temperatures lie well within
the optimum temperature ranges of the trout species. Although the reduction in temperature is not
considerable, if the inflow or the outflow volume were to be introduced to the stream, no stress is

expected to occur.
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Figure 4-3. a. Time-based and b. VVolume-based plots of inflow and outflow temperatures of BMP
3007 in March 2008
The inflow temperature range increased in the following months. Summer (June and July)
2008 was a period of concern since high inflow temperatures were recorded during this period. The
monthly flow and temperature for the month of June 2008 are shown in Figure 4-4. BMP 3007

received runoff for nearly ten hours from the five storms that occurred during this month. About 14
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m? of the total runoff volume exhibited temperature greater than 20°C (68°F) for a period of nearly 45

minutes. The storage system cooled this volume by at least 2°C. Runoff measuring temperature in the

range 16 to 14°C was cooled by less than one degree. The inflow and outflow volumes were at the

same temperature for most of the period in this month.
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July was a hotter month; air temperature measured close to 32°C (90°F) before most events.

Three storm events measuring rainfall depth greater than one inch occurred during the afternoon

periods in this month. Runoff at the two inflow points exhibited temperature in the range 24 to 20°C

(75 to 68°F) for nearly 18 hours (Figure 4-5). During this period, the outflow temperature was cooled

by nearly 2°C, and remained above the 20°C threshold.
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In order to evaluate the overall performance of the BMP during each month, proportions of
the total monthly inflow and outflow volumes exceeding the temperature thresholds of 14°C, 17°C,
and 20°C were computed and are shown in Figure 4-6. As seen in the figure, inflow and outflow
temperatures did not exceed the three temperature threshold limits in February, March, and April. In
May, less than 2% of the inflow volume was at a temperature greater than 14°C but lower than 17°C.
The BMP did not aid in the cooling of this inflow volume. Thus, 2% of the outflow volume exceeded
the 14°C threshold (Figure 4-6a). The months from February through May did not produce inflow

temperatures more than 16°C.
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Figure 4-6a. Proportion of monthly inflow and outflow volumes exceeding 140C threshold
temperature
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In the month of June, more than 95% of inflow volume exceeded the 14°C threshold, of
which less than 5% of this volume was cooled to temperature below 14°C. Nearly 25% of the total
inflow volume was at a temperature above 17°C. However, after passing through the BMP, less than
10% volume exceeded the 17°C threshold (Figure 4-6b). The conveyance of the runoff through the
BMP enabled cooling of all of the 10% inflow volume having temperature greater than 20°C (Figure
4-6¢). These results indicate that the underground storage reduces higher temperatures more
effectively than lower temperature ranges. However, the detention of water does not completely cool
off the runoff to desirable levels.

High-temperature flows capable of stressing trout were observed in July 2008. The inflow
temperature was in the range of 17- 25°C in this month. This is evident in Figure 4-6, as 100% of the
total inflow volume exceeded the 14°C and the 17°C thresholds. There was no reduction in
temperature of this inflow volume. However, significant exceedence reduction occurred at 20°C.
While almost 90% of the inflow volume exceeded the 20°C threshold, only 30% of the total outflow
volume was found to be greater than 20°C.

Based on the time of exposure and volume analysis, it can be observed that during the cooler
months (March and April 2008), the inflow volumes did not violate the 14, 17, and 20°C threshold. In
May, less than 10% runoff volume exhibited temperatures greater between 14°C and 17°C. This
volume exited the system without much reduction in temperature. This may be because the ambient
underground temperature is nearly the same as the runoff temperature. Therefore, the heat loss to the
surrounding air and pipe can be considered to be insignificant. Any heat transfer that is expected to
occur would be by mixing of the runoff. Thus, little or no cooling would occur.

As it gets warmer, the temperature of runoff from the highway also increases. The warmer
months (June and July) exhibited runoff temperature in the range 17 to 24°C (62 to 75°F). The
ambient temperature in the underground pipes was usually maximum of 14°C (58°F), which is lower
than the runoff temperature range. Some heat transfer can be expected to occur due to this difference

in temperature. Any water stored from the antecedent event will be in equilibrium with the ambient
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underground temperature. Therefore, the mixing of the runoff and cooler stored volume of water will
result in buffering the temperature. Depending on the detention time in the system, reduction in
temperature will occur. As runoff flows through the system, it will lose some heat to the surrounding
cooler air and pipe.

Most events in summer produced runoff temperatures lethal to trout. If the underground
system were absent, the warm runoff flowing into the local stream would be expected to increase the
ambient stream temperature. Temperature reduction between 2 and 3°C was achieved during
summer. Although this reduction in temperature occurred, it was not sufficient to meet the
temperature standards. Some proportion of the flow from the system was still higher than the
threshold.

Model

Simulations were performed for a number of storm events considering the underground storage
system as an n-CSTR model. The simulated flow rate and observed temperature at the inlet of BMP
3007 were given as the inputs to the model. The flow module of the model involves a number of
parameters, such as the number of CSTRs (n), and flow coefficients for the outlet of each CSTR,
which are required to be calibrated. The simulations performed so far have not yielded satisfactory
predictions of the flow from the system. Since the model-predicted outflow does not match the
observed data, it is not possible to perform the heat balance of the system.

If the system were to be considered as 1-CSTR, the outflow temperature predicted by the model
was almost twice the magnitude of the observed temperature. This error is suggestive of a wrong
model structure in the flow modeling. The n-CSTR model might be a better representation of the
behavior of the storage system. However, the simulations have yielded some useful results regarding
the possible heat transfer in the system. The 1-CSTR simulations revealed that the temperature of the
air and pipe do not change significantly from their initial conditions during the period of inflow. This
is because of the coefficients of convective heat transfer for these materials are small. This suggests

that in the underground system, the heat loss to surrounding air and pipe may be minor.
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At present, the model coefficients require calibration to accurately predict the observed flow from
the system. The coding for the temperature balance in n-CSTR model is complete. Once volume

balance is achieved for the n-CSTR model, the heat transfer in the system can be simulated.
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SUMMARY
The data collected so far have yielded a qualitative and quantitative understanding of the

performance of the BMP in mitigating temperature. The inflow temperature is dependent on the air
temperature, intensity, duration and time of occurrence of storm, and percent impervious area. Flow
and temperature data from February through July 2008 have been analyzed. The data analysis shows
that there is minor temperature reduction in the cooler months (February, March, and April). In
summer, when the underground temperature is significantly less than air temperature, the BMP has
some impact on the temperature. However, violation of the temperature standards has been observed
during summer. Data for the months August and September are yet to be analyzed. Conclusions on
the effectiveness of the underground stormwater management facility can be made only after
complete analysis is performed. At this stage, the heat transfer model requires further work to yield
better results.

Data collected at the study sites, in combination with the model results, will enable evaluation
of the efficiency of the underground storage systems in reducing the temperature of the stormwater
runoff. A detailed analysis on the reduction in temperature of runoff from highways for varying storm
intensities and duration occurring in different seasons will provide useful information regarding the

impact of these underground storage BMPs in temperature mitigation.
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1 1200054 4 MD 24 APPROX 500' NORTH OF PULASKI/EMMORTON CONNECT 24" HDPE 1200027.002
2 1200158 4 MD 24 NW OF INTERSECTION W/ JARRETTSVLLE RD 18" RCP 1200121.002
3 1200188 4 MD 24 - 3222 ROCKS ROAD 54" x 36" CMP_1200161.002
4 1201449 4 MD 165 APPROX 7500' NORTHEAST OF NORRISVILLE ROAD 18" CMP 1200305.002
5 1201636 4 MD 165 APPROX 4000 WEST OF ROCKS ROAD 24" CMP 1200327.002
6 1201639 4 MD 165 300' NORTHWEST OF OLD PYLESVILLE ROAD 30" RCP 1200331.002
7 1200617 4 MD 543 APPROX. 45' NORTH OF OLD PYLESVILLE ROAD 18" CMP 1200346.002
8 1201649 4 MD 165 APPROX 1200' NORTH OF ADY ROAD 30" RCP 1200348.002
9 1202535 4 US 40 APPROX 1200' NORTHEAST OF OLD POST SPLIT 15" CMP 1200554.002
10 1201580 4 US 40 APPROX 570' SOUTHWEST OF LEWIS LANE 15" CMP 1200561.002
11 1201794 4 MD 462 @ |-95 SOUTH OF BRIDGE 24" CMP 1200656.002
12 1200543 4 MD 152 APPROX 55' SOUTHEST OF FORT HOYLE ROAD 15" CMP 1201000.002
13 1200545 4 MD 152 APPROX 430' SOUTHWEST OF FORT HOYLE ROAD 15" CMP 1201001.002
14 1200547 4 MD 152 APPROX 700' SOUTHWEST OF FORT HOYLE 18" CMP 1201002.002
15 1200030 4 MD 159 APPROX 570' SOUTHWEST OF CANNING HOUSE ROAD 12" CMP 1201105.002
16 1201032 4 MD 146 @ MD 152 30" RCP 1201177.002
17 1021040 4 MD 146 - 500' SOUTH OF MD23 24" CMP 1201182.002
18 1021075 5 MD 136 APPROX 40' EAST OF ISLAND BRANCH ROAD 21" CMP 1201204.002
19 1201080 5 MD 136 APPROX 100' WEST OF CAREA RD 12" RCP 1201209.002
20 1201084 4 MD 136 1/4 MILE NORTH OF GOAT HILL ROAD 18" CMP 1201241.002
21 1201088 4 MD 136 - 500' NORTH OF MD 543 12" PVC 1201245.002
22 1200999 4 MD 136 150' NORTH OF E MEDICAL HALL ROAD 18" CMP 1201268.002
23 1201009 4 MD 136 APPROX 3000' SOUTHEAST OF PALMER VIEW DRIVE 36" CMP 1201274.002
24 1200671 4 MD 543 APPROX. 3030' NORTH OF SLADE LANE 15" CMP 1201303.002
25 1200866 4 MD 543 APPROX. 820' SOUTHWEST OF CHESTNUT HILL ROAD 15" CMP 1201305.002
26 1200958 4 MD 136 350' SOUTHEAST OF POPLAR GROVE ROAD 18" CMP 1201320.002
27 1201106 4 MD 136 APPROX. 1190' SOUTHEAST OF DEERFIELD ROAD 36" CMP 1201326.002
28 1201107 4 MD 136 APPROX. 400' NORTHWEST OF DEERFIELD ROAD 15" CMP 1201327.002
29 1200681 4 MD 543 APPROX. 1490' NORTH OF SMITHSON DRIVE 42" CMP 1201344.002
30 1200687 4 MD 543 APPROX. 1600' NORTH OF EAST WALTERS MILL ROAD 24" CMP 1201350.002
31 1200699 4 MD 543 APPROX 360' NORTHWEST OF BRINEGAR ROAD 18" CMP 1201357.002
32 1200710 4 MD 543 APPROX. 420' SOUTHEAST OF DOYLE ROAD 18" CMP 1201368.002
33 1200719 4 MD 543 APPROX. 560' SOUTHEAST OF HEAPS ROAD 48" RCP 1201377.002
34 1200720 5 MD 543 APPROX 40' SOUTHEAST OF HEAPS ROAD 18" RCP 1201378.002
35 1201109 4 MD 136 APPROX 2100' NORTHWEST OF DEERFIELD ROAD 24" CMP 1201385.002
36 1201121 4 MD 136 1000' SOUTH OF MD165 INTERSECTION 24" RCP 1201408.002
37 1201266 4 MD 924 100' SOUTH OF VICTORY LANE 30" CMP 1201431.002
38 1201669 4 MD 165 APPROX 7800' SOUTHWEST OF EAST-WEST HIGHWAY 49"x33" CMP__ 1201473.002
39 1201678 4 MD 165 APPROX 8000' SOUTH OF FALLSTON ROAD 18" CMP 1201493.002
40 1201763 4 MD 156 APPROX. 2165' SOUTHWEST OF TIMOTHY ROAD 12" CMP 1201523.002
41 1201710 4 MD 623 APPROX 200' NORTHEAST OF PADDRICK ROAD 24" RCP 1201538.002
42 1201630 4 MD 155 APPROX. 980' NORTHWEST OF 1-95 36" RCP 1201570.002
43 1201911 4 MD 646 APPROX 730' SOUTH OF WHITEFORD ROAD 36" RCP 1201627.002
44 1201919 4 MD 646 APPROX 1300' NORHTEAST OF BAY DRIVE 18" RCP 1201635.002
45 1201833 4 MD 646 APPROX 1100' SOUTHWEST OF BAY DRIVE 36" RCP 1201638.002
46 1202563 4 US 40 APPROX 1160' SOUTHWEST OF OTTER POINT ROAD 24" RCP 1201661.002
47 1202793 4 US 40 WEST OF BEARDS HILL ROAD 15" CMP 1201696.002
48 1202783 4 US 40 APPROX 1000' SOUTHWEST OF SPESUTIA ROAD 15" RCP 1201673.002
49 1202648 5 US 40 APPROX 640' NORTHEAST OF LONG BAR HARBOR ROAD 18" RCP 1201683.002
50 1203106 4 US 40 SOUTHWEST OF OTSEGO STREET 18" RCP 1201706.002
51 1202640 5 US 40 APPROX 4000' SOUTHWEST OF OTTER POINT ROAD 24" CMP 1201724.002
52 1202566 4 US 40 APPROX 470' SOUTHWEST OF OTTER POINT ROAD 30" RCP 1201727.002

TABLE OF HARFORD COUNTY SITES
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1 303971 4 US ALT 1- Across From CNR Lighting 36" RCP 301136.005
2 310715 4 I-83 NBL at MD439 24" CMP 301242.004
3 310766 4 I-83 SBL Before Exit 33 30" CMP 301259.002
4 310614 4 I-83 SBL- SW Ramp Exit 31 30" RCP 301300.002
5 310609 4 I-83 NBL at Mile 30 36" RCP 301304.002
6 310818 4 I-83 at Belfast Road NW Quad 18" RCP 301343.010
7 310879 4 I-83 NBL- One Mile Past Shawan Road Exit 36" RCP 301373.002
8 311241 4 I-83 SBL at Baltimore City/County line 24" RCP 301868.002
9 309265 3 US 1 at 695 Ramp 24" RCP 302056.002
10 309475 4 MD 7 EBL Past King Avenue 24" CMP 302151.003
11 309448 4 MD 43 EBL at MD 7 24" RCP 302161.002
12 304505 4 I-695 West Ramp 24" CMP 302274.002
13 304352 4 MD41 18" RCP 302346.002
14 304015 4 MD 700 North Bound Lane, by Windsor House Apts. 15" CMP 302407.004
15 307505 4 MD147/ 1-695- NE Quad. 24" RCP 302632.002
16 313630 5 1-695/ 1-95 Interchange 36" RCP 302984.002
17 313633 4 1-695/ 1-95 Interchange 18" CMP 302993.004
18 303973 4 US-1 ALT- Across From Kangaroo Coach 28" CMP 320719.002
19 304390 3 MDA41 north of Satyr Hill Rd. 30" CMP 321018.002
20 304988 4 MD 146 at 15041 18" CMP 321308.002
TABLE OF BALTIMORE COUNTY SITES
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CARROLL ILLICIT DISCHARGE REPORT

Ilicit Connection #1

On March 3, 2007, while verifying Maryland State Highway Administration
(MDSHA) owned stormwater structures in Carroll County, a PVC pipe was
found discharging into an inlet alongside MD 140. Later that year on
December 18, illicit discharge inspectors visited the furthest downstream
structure from that inlet, as part of a screening of all outfalls 36” or greater.
There was no flow at the outfall at that time.

On February 7, 2008, inspectors revisited the site to investigate a potential
illicit discharge. At the time of visit, a small yet constant amount of flow was
trickling from the PVC pipe. A sample was gathered from the low flow at the
pipe. The sample was somewhat cloudy and grey, and resulted in a minor
detection of detergents (.10). Although the pipe is coming from the east
direction along MD 140, its upstream end could not be found. In the vicinity,
inspectors observed a washing area for heavy equipment at “Sunbelt Rentals.”
The drainage system for the washing bay was not apparent. Sunbelt Rentals is
located at 3201 Baltimore Blvd. The structure number of the SHA inlet in
question is 0600259.008. It is recommended that SHA continue monitoring
the system to determine if there is an illicit connection.
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Downstream SHA structure #0600259.001.
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Ilicit Connection #2

On March 28, 2007, while verifying Maryland State Highway Administration
(MDSHA) stormwater structures in Carroll County, a garden hose was found
pointing in the direction of a culvert inflow point. The opposite end of the
culvert is a SHA outfall numbered 0600270.002. There was no flow from the
hose at the time, and most of the hose was buried approximately 1” beneath
the ground surface. The hose was coming from the direction of a private
swimming pool.

On February 8, 2008, illicit discharge inspectors visited the site to identify the
illicit connection. Pulling the hose up from the ground it was revealed that the
hose could be directly attached to the swimming pool. At this time, the
homeowner engaged the inspectors. The homeowner explained that the hose
is used to drain the swimming pool, although this practice had not taken place
recently. The address of the home is 2801 Armacost Avenue.
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Downstream SHA structure #0600270.002.
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Ilicit Connection #3

On May 15, 2007, while verifying Maryland State Highway Administration
(MDSHA) owned stormwater structures in Carroll County, surveyors
observed raw sewage seeping from the ground into a roadside ditch. The ditch
runs alongside Taneytown Pike (MD 140) and leads to SHA outfall #
0600412.002. Shortly downstream from the culvert the ditch connects to
perennial waters.

On February 7, 2008, illicit discharge inspectors revisited the site to verify the
illicit connection. Again, raw sewage was found seeping into the roadside
ditch. Inspectors observed the seepage from several locations. Sewage odor
was apparent, and excessive vegetation was noted in the area of the seepage.
Inspectors dug into the slope of the ditch and excessive amounts of sewage
oozed from the ground. This problem area is located in front of an
outbuilding next to the residence at 5960 Taneytown Pike.
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Downstream SHA structure #0600412.002.
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Ilicit Connection #4

On April 16, 2007, while verifying Maryland State Highway Administration
(MDSHA) owned stormwater structures in Carroll County, a PVC pipe was
found connecting to drainage systems along MD 140. The pipe is visibly
connected to the house at 6155 Taneytown Pike. On February 7, 2008, illicit
discharge inspectors revisited the site to investigate a potential illicit
discharge. There was a drip from the PVC pipe at the time of visit, deemed to
little to sample from. The downstream SHA outfall is numbered
0600413.004. It is recommended that the SHA continue monitoring the
outfall to identify any illicit connection.

Carroll County ADC Map 1, page 5.
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Downstream SHA structure #0600413.004.
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Ilicit Connection #5

On July 13, 2007, while verifying Maryland State Highway Administration
(MDSHA) owned stormwater structures in Carroll County, a PVC pipe near
outfall # 0600632.001 was identified as a potential illicit discharge source
point. The pipe is associated with the residence at 1709 Manchester Road
(MD 27).

On February 2, 2008, the site was revisited to verify an illicit connection.
Although there was no flow at the time of visit, indications of recent flow
from the PVC pipe were identified. There was a rancid odor coming from the
pipe, and wastewater appeared to be pooling within the SHA culvert
immediately downstream from the pipe. It is recommended that SHA
continue monitoring the site to verify the illicit connection.
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Ilicit Connection #6

On September 19, 2007, while verifying Maryland State Highway
Administration (MDSHA) owned stormwater structures in Carroll County, a
rancid, sludgy substance was found standing in the pipe at outfall #
0601142.001 along MD 832. Surveyors noticed a PVC pipe connected to the
SHA inlet directly upstream from the outfall, but it was not flowing at the
time.

On February 8, 2008, illicit discharge inspectors visited the outfall to verify an
illicit connection. Again, there was no flow at the outfall, or at the PVVC pipe.
Inspectors searched the property at 1836 Old Taneytown Road to try to locate
the upstream end of the PVC pipe, but no connection could be found. To
determine if there is an illicit flow, it is recommended that SHA continue to
monitor the outfall.

Carroll County ADC Map 11, page 15.
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PVC pipe discharging to SHA inlet, at 1836 Taneytown Pike.

Downstream SHA outfall #0601142.001
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Ilicit Connection #7

On September 27, 2007, while verifying Maryland State Highway
Administration (MDSHA) owned stormwater structures in Carroll County, a
HDPE pipe was found to be discharging laundry wastewater directly into a
perennial stream. At the time of visitation, surveyors observed a foamy
discharge coming from the pipe and a sweet smell associated with detergents
in laundry wastewater.

Ilicit discharge inspectors revisited the site on December 27, 2007 and
February 7, 2008. There was no flow at the HDPE pipe during either of these
visits, but indications of illicit discharge from the pipe were still evident. The
pipe leads in the direction of house # 5310 on Mill Street North in Lineboro.
Directly downstream from the pipe, the channel is identified as a tributary to
Gunpowder Falls. Since this illicit connection originates from beyond SHA
right-of-way, it is necessary that SHA coordinate with the neighboring
jurisdiction to address the issue.
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HDPE pipe located in the backyard at 5310 Mill Street North.

HDPE pipe discharging directly to perennial stream.
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1.0 INTRODUCTION

The Long Draught Branch Restoration Project was initiated by the MDSHA to assess and
restore/stabilize the degraded conditions of the stream channel from Clopper Road (MD 117)
to the location of the Gaithersburg stormwater management facility. Long Draught Branch
has deteriorated greatly due to channel straightening, piping, floodplain encroachments,
damming, lining with stone, bark armoring, past poor land-use practices, and more recent
urbanization. The intent of the project was to conduct chemical, physical, and, biological
monitoring over a period of three years to determine the effectiveness of the restoration
efforts of the Long Draught Branch Stream Restoration Project. Please refer to Section H1 of
SHA'’s 2008 NPDES Report to the Maryland Department of the Environment for the current
status of the construction document development.

2.0 CHEMICAL MONITORING
2.1 Objectives

Monitoring the chemical water quality pre- and post-restoration is an important tool to (1)
characterize base line conditions prior to restoration and (2) gauge the success of restoration
efforts in improving water quality.

The original intent of the project was that chemical water quality monitoring would occur in
two phases:

Phase CHEM 1 (pre-restoration) was initiated November 2006. The goal of this effort was to
conduct baseline characterization of the stream reach. While construction is underway,
monitoring would stop and resume after the construction was completed.

Phase CHEM 2 would have continued chemical monitoring post-stream bank restoration and
stabilization. The goal of this effort was to provide data to help determine the effectiveness of
the NPDES stormwater management program and progress toward improving water quality.

2.2 Site Locations

Water quality monitoring was conducted at two sites within the stream reach: one above and
one below the restoration site. The upstream site was located at the downstream end of the
Clopper Road crossing of Long Draught Branch near Firstfield Road. The downstream site
was located at the foot bridge crossing upstream of the City of Gaithersburg stormwater
management facility (on Rabbitt Road west of Quince Orchard Road) (Figure 2.1).
Continuous flow was recorded at the upstream monitoring site. The flow meter was attached
to the downstream side of the culvert at the Clopper Road crossing (MD 107 culvert).

10/21/2008 1-5
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Figure 2.1: Long Draught Branch Monitoring Locations
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Sample Types and Sampling Frequency

Chemical water guality monitoring occurred monthly, with at least three sampling events
occurring per quarter (based on calendar year) during storm events as well as selected dry-
weather periods. A qualifying storm event was defined as rainfall over 0.1 of an inch
occurring after there has been no significant (> 0.1 inch) rainfall within 72 hours. To allow
for the collection of sufficient data to characterize the impacts of stormwater discharges,
baseflow samples were collected during dry weather approximately once per quarter in lieu
of a wet weather event. Dry weather was defined as less than 0.1 inch having fallen within
the previous 72-hour period.

2.3 Sample Collection Procedures

Samples were collected using manual grab methods following the protocols EPA NPDES
Stormwater Sampling Guidance (1992). Samples were collected while facing upstream to
minimize contamination from the sampler or field equipment and are transferred to lab
provided sample containers (except Oil & Grease and E. coli, which were sampled directly
into the sample container per recommendations in EPA 1992). All samples were placed in
coolers with ice and transported to the laboratory for analysis. In addition to water samples,
field measurements of water temperature and pH were measured during the collection of
samples using a hand held meter. Samples were analyzed according the methods approved in
40 CFR Part 146 by GPL Laboratories of Frederick, MD and Fredericktown Labs (E. coli) of
Myersville, MD.

o xR A NG
Figure 2.2: Continuous water level meter at upstream monitoring site

A meter (Teledyne Isco 4110 Ultrasonic Flow Logger), attached to the downstream side of
the culvert at the Clopper Road crossing (MD 107 culvert) recorded water level continuously
at 15-minute intervals (Figure 2.2). In conjunction with sampling events, the LimnoTech
team also conducted flow measurements using a Marsh McBirney portable Flowmeter.

10/21/2008 Maryland State Highway Administration -7
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Rainfall data was provided by the Montgomery County, MD Department of Environmental
Protection. Rainfall data is collected via a tipping bucket rain gauge at a weather station
located adjacent to the Yard Trim Composting Facility Dickerson, MD.

2.4 Sample Documentation

Sampling field sheets and sample labels were completed for each event. Information
recorded on field forms included the sampling field crew, sampling location, date and time of
sample collection, number and volume of samples collected, sample identification numbers,
preservatives used, as well as, weather and physical conditions.

Chain of custody forms were initiated by the sampling crew in the field and remain with the
samples at all times. The chain of custody form includes the sample identification number,
sample date and time, description, sample type, sample preservative, and analyses required.

2.5 Analytical Parameters

Targeted pollutants for monitoring include:
-Biochemical Oxygen Demand (BOD5)
-Total Lead

-Total Kjeldahl Nitrogen (TKN)

-Total Copper

-Nitrate plus Nitrite

-Total Zinc

-Total Suspended Solids

-Total Phosphorus

-Total Petroleum Hydrocarbons

-Oil and Grease

-Escherichia coli

-Ammonia (added March 2007)
-Orthophoshate (added March 2007)

2.6 Data Management Procedures

Water quality data are stored in a Microsoft Access database, designed by LimnoTech for
this project. Water level data, rainfall data, and flow measurements are tracked via Excel
spreadsheets.

1-8 10/21/2008



3.0 RESULTS

Between November 2006 and August 2008, LimnoTech sampled 7 storm events and 13
baseflow periods. Flow weighted EMCs were calculated for all storm events utilizing both
“0” (EMC (0)) and the detection limit (EMC(dt)) for discrete samples recorded as less than
the detection limit.

3.1 Comparison of Storm and Base Flow Pollutant Concentrations

Storm- and baseflow concentrations of the targeted constituents were compared based on
visual representation of the data and the use of Mann-Whitney U test, a nonparametric
analogue of the two-sample t-test. Statistical significance was assessed based on an alpha
level of 0.05. Summary data for all pollutants is located in Appendix A.

Medians of stormwater concentrations and baseflow concentrations based on this sampling
period are presented in Table 3.1. Most parameters (BOD, e. coli, total phosphorus, total
suspended solids, zinc and orthophosphate) had significantly higher concentrations during

storm flow. Nitrate/nitrite; however, had significantly higher concentration during baseflow,

which may indicate dry weather inputs/ wet weather dilution.

Table 3.1: EMC medians and Mann-Whitney test statistics
for baseflow and stormflow at Long Draught Branch monitoring sites,
years 2007-2008. Significant differences noted in bold.

Test
Baseflow Stormflow statistic
BOD (mg/L) EMC (0) 2.0 6.9 0.000
EMC (dt) 2.0 6.9 0.000
EMC (0) 0.0 0.0 0.037
Total Copper (ug/L) EMC (dt) 10 10 0.037
EMC (0) 54 1101 0.020
e.coli (col/200 mL) EMC (dt) 54 1101 0.020
EMC (0) 0 0 0.580
Total Lead (ug/L) EMC (dt) 10 10 0.580
EMC (0) 1.200 0.798 0.003
Nitrate/Nitrite (mg/L) EMC (dt) 1.200 0.798 0.003
EMC (0) 0.52 1.11 0.000
Nitrogen, Total Kjeldahl (mg/L) EMC (dt) 0.52 1.205 0.000
EMC (0) 5.4 5.1 0.268
Oil & Grease (mg/L) EMC (dt) 5.4 5.4 1.000
EMC (0) 0.036 0.119 0.001
Total Phosphorus (mg/L)* EMC (dt) 0.036 0.119 0.001
EMC (0) 5.0 7.0 0.008
TSS (mg/L)* EMC (dt) 5.0 7.3 0.021
EMC (0) 5.2 3.9 0.552
TPH (mg/L) EMC (dt) 5.3 5.4 0.609
EMC (0) 27.1 44 0.008
Zinc (ug/L) EMC (dt) 27.1 44 0.008
EMC (0) 0.10 0.19 0.300
Ammonia (mg/L) EMC (dt) 0.10 0.21 0.112

10/21/2008
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Table 3.1: EMC medians and Mann-Whitney test statistics
for baseflow and stormflow at Long Draught Branch monitoring sites,
years 2007-2008. Significant differences noted in bold.

Test
Baseflow Stormflow statistic
EMC (0) 0.020 0.025 0.065
Orthophosphate (mg/L) EMC (dt) 0.020 0.031 0.049
Table 3.2: Detection limits
Detection
Parameter Limit
BOD (mg/L) 2.0
Nitrogen, Total Kjeldahl (mg/L)  0.10
Nitrate/Nitrite (mg/L) 0.050
Total Phosphorus (mg/L) 0.020
TSS (mg/L) 5.0
Total Copper (ug/L) 10.0
Total Lead (ug/L) 10.0
Zinc (ug/L) 20.0
TPH (mg/L) 5.0-6.1
Oil & Grease (mg/L) 5.0-6.1
e.coli (col/100 mL) 1
Ammonia (mg/L) 0.10
Orthophosphate (mg/L) 0.020

3.2 Comparison of upstream vs. downstream concentrations

Upstream vs. downstream concentrations of the targeted constituents were compared based
on visual representation of the data and the use of paired t-test (Table 3.3). Statistical
significance was assessed based on an alpha level of 0.05. For most parameters, both during
storm flow and baseflow, the upstream and downstream concentrations did not differ
significantly. The only significant relationships included: BOD being significantly higher
upstream during storm events and TKN being significantly higher upstream during baseflow

gvents.
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Table 3.3: EMC means and paired T-test for Long Draught Branch upstream and DS monitoring sites. Discrete
samples less than detection limit calculated as 0 , EMC(dt) shown, EMC(dt) shown in where different.

Significant differences noted in bold. N= Baseflow (13 events), Stormflow (7 events) unless otherwise noted.

Baseflow Stormflow

Upstream 0(10.0) 10.7 (16.4)
Downstream 0 (10.0) 8.9 (14.6)
0.267

Total Copper (ug/L)

Upstream 0.0 (10.0) 0.6 (10.1)
Downstream 0.0 (10.0) 1.1(10.6)
0.356

Total Lead (ug/L)

Upstream 0.62 1.31
Downstream 0.48 1.57
0.034 0.099

Nitrogen, Total Kjeldahl (mg/L)

Upstream 0.055 (0.058) 0.147
Downstream 0.081 (0.082) 0.169
0.455 (0.481 0.397

Total Phosphorus (mg/L)**

Upstream 3.1(5.4) 9.3 (11.6)
Downstream 4.7(6.7) 2.3(5.4)
0.363 (0.356 0.328 (0.261

TPH (mg/L)

Upstream 0.27 (0.29) 0.30 (0.31)
Downstream 0.17 (0.19) 0.32 (0.33)
0.328 (0.375 0.396

Ammonia (mg/L)***

* 3 storm events, 5 baseflow events *** 9 paseflow, 6 storm events
** 6 baseflow events ***% 10 baseflow, 6 storm events
10/21/2008 Maryland State Highway Administration I-11

NPDES MS4 Phase I Annual Report



3.3 Development of discharge rating curve
Water level/stage was continuously monitored via the meter located at the downstream end
of the Clopper Rd. crossing. Water levels can be converted to flow rates (Figure 3.1) based
on a theoretical rating curve developed for this site (Figure 3.2). The stage-discharge rating
curve was developed using Manning’s equation (water levels of 1.2 -2.53 ft.) and regression
based on the HEC-RAS results for varying flood sizes presented in MHSA (2005) (for water
levels between 2.67 and 5.4 ft.), with the assumption of no flow at > 1.2 ft. The Manning’s

equation used a culvert width of 8 ft. and assumed a 0.04 n value. The LimnoTech team used

flow measurements manually taken during each sampling event to refine and validate this
rating curve (Table 3.2).

3.00

2.75

2.50

2.25 A

2.00 -

1.75

Water level (ft)
P
[
o

1.00 A

0.75 -

0.50

0.25

0.00

Long Draught Branch - Flow / Water Level Chart

water level
— flow

® metered discharge

o]

L

12/12/2006

N Y.Y O T .

1/12/2007 2/12/2007 3/15/2007 4/15/2007 5/16/2007 6/16/2007 7117/2007

time

30

tr 27.5

25

25

0

Figure 3.1: Long Draught Branch water level and discharge (cfs) at upstream

monitoring site

1-12

10/21/2008



a0

Preliminary Discharge Curve

45

pcy
[}

[}
o

[l
[}

flow (cfs)
[ou]
n

20 A

SO

water level < 1.2 --=no flow
: 1.2|< water level < 2.53 --> calibrated Manning equation

0.50

1.00

1.50 2.00
water level (ft)

2.80 3.00 3.50

Figure 3.2: Stage-Discharge rating curve for Long Draught Branch

Table 3.2: Discharge measurements taken during sampling events

12/29/2006 9:56
1/5/2007 9:51
1/12/2007 11:00
3/30/2007 11:01
5/16/2007 3:27
6/26/2007 11:57
7/19/2007 2:35
8/16/2007 12:17
1/4/2008 11:15
1/29/2008 3:40
2/29/2008 11:20
5/20/2008 10:30
5/20/2008 11:50

Water level (ft)
1.33
1.53
1.34
1.31
1.45
1.21
1.20
1.26
1.26
1.32
1.32
1.57
1.70

*meter installed 12/12/2006
** at low water levels, backflow conditions may impact flow
measurement

Discharge (cfs)
0.524
2.072
0.3735
0.3692
0.44
0.07
-0.80
-0.056
0.01325
0.144
0.413
3.862
1.482

10/21/2008
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4.0 Physical Monitoring
4.1 Objectives

Physical monitoring was intended to classify three discrete site or stations within the Long
Draught Branch project reaches per the stream classification system devised by Dave
Rosgen. Particular stream types developed by Mr. Rosgen speak to a level of stability in
geometric terms of plan and profile. Analyzing and categorizing certain ratios provides an
adequate language to describe the stream morphology is progressing in a degrading,
aggrading, or no-change condition. This work was to be performed both pre and post
construction to determine if physical benefits had been established as one of the goals of the
project.

Figure 4.1: Upstre
4.2 Site Locations

Three reaches were selected to be monitored both pre and post construction. Please refer to
Figure 2.1 on page 2 of this report for the site locations. Site 1 is located approximately 400
feet southwest of the MD 117 culvert over Long Draught Branch. Site 2 is approximately
1,500 feet due west of the same culvert and about 200 feet upstream of the low head dam
structure of the existing stormwater management control. Site 3 is on the tributary and is
approximately 150 feet south of the storm drain outfall.

4.3 Methods

Rosgen Level | and Il assessments were performed to classify the sites cross sectional
geometry, profile, and channel bed composition. From these measurements, various ratios
are developed to better understand the geomorphologic dynamics. The channel forming or
“bankfull” discharge is selected to determine the storm flow access to the overbank areas.

1-14 Maryland State Highway Administration 10/21/2008
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Figure 4.2: Upstream View of Site 3 (Trib)

In urban systems such as seen at Long Draught Branch and greater Gaithersburg, channel
forming discharge implies a competency or efficiency of sediment transport and the related
associated stream flow. With multiple storm water retention and detention ponds and
facilities upstream of the project site, limited sediment supply is being provided at the top of
the reach. Additionally, the available material of the reach in the bed and banks of Long
Draught have been determined to be modern sediments deposited on the historic floodplain.
The current channel is cutting through these fine sediments comprised of silts, clays and
sands.

On November 2, 2007, Dr. Dorothy Merritts assessed the Long Draught Branch stream
valley within and beyond the project reach. Her assessment of the thickness of these modern
sediments varied from as much as 5 feet to 3 feet at varying points in the valley. All of these
sediments at these depths were determined to be deposited since approximately 1750.

Therefore, with the increased volume and flashy nature of urban storm flows, high shear
stress on material that tends to smaller gravel and sand is a poor condition for determining
channel forming or “bankfull” discharge, depths and widths.

The features that were sought comprised of vegetative features at lower, near active channel
locations, subtle riffle features that imply stability within incised and steep banks, and sorting
of the gravels and sands in an armoring manner. These elevations were identified at the three
sites.

Two riffle sections and one pool section were performed were recognizable features were
identified. On Site 1 all were identified and measured. On Sites 2 and 3, the degrading
nature of the channel made riffles more difficult to identify given that these sites were
generally comprised of pools at cut banks. Only 1 riffle was measured at each of these sites.

Sinuosity was measured from land survey data developed for the construction document
development. Approximately 12 “bankfull”” widths were spanned both upstream and down to
cover the 25 width site reaches.

10/21/2008 Maryland State Highway Administration 1-15
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Sieve analysis was performed to characterize the gradations of the channel bed material.
Sieve sizes of 2, 4, 8, 16, 31.5 and 63 millimeters were used. The segregated samples were
then weighed and analyzed to determine the percent compositions per sieve. The mean
diameters were developed from those measurements.

4.4 RESULTS

Please refer to Appendix B for all field sheets and assessment of the sections, profile and
sieve data.

Generally, the assessment shows wide and rectangular riffle sections with relatively low
entrenchment ratios. Width/depth ratios are as high as 40 with entrenchment ratios generally
1.5+ 0.45. Site 3 (Trib) was more narrow with lower width/depth ratios but similar
entrenchment ratios. The tributary is mostly confined with high banks with exposed tree
roots and fallen trees across the active channel.

Slopes varied because of the base level drop of the active channel bed. Site 1, being at the
most upstream site of this assessment, has not experienced the full head cut that is working
headward through the project reach. Slope was 0.81% for the site reach. Site 2 is within the
changing nature of the existing stormwater structure. Severe erosion is working on the south
end of the low head concrete wall of the stormwater structure. The downstream end of Site 2
appears to be dropping with each storm event. Slope was measured at 1.13%. The slope on
Site 3 (Trib) is towards the downstream end with the significant base level drop already
occurring and traveling upstream. This may change with the precarious nature of the existing
concret