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PARTICIPATION FROM OTHERS OUTSIDE OF THE PROJECT TEAM HAS BEEN A
KEY ELEMENT OF THIS SOURCE WATER ASSESSMENT. ULTIMATELY THE
SUCCESS OF SOURCE WATER PROTECTION EFFORTS WILL BE DEPENDENT
ON A WIDE RANGE OF PARTICIPANTS INCLUDING LOCAL JURISDICTIONS,
POTOMAC BASIN STATES, WATER UTILITIES, WATERSHED RESIDENTS,
AGRICULTURAL PRODUCERS, THE FEDERAL GOVERNMENT AND THE PUBLIC.
THE PROJECT TEAM HAS COORDINATED CLOSELY WITH TEAMS PERFORMING
OTHER SWAS IN THE POTOMAC WATERSHED AND THE ASSISTANCE OF THESE
DEDICATED PROFESSIONALS HAS BEEN KEY TO PERFORMING THE
ASSESSMENT. THE PROJECT TEAM ALSO VISITED EACH OF THE MARYLAND
WATER TREATMENT PLANTS ON THE MAIN STEM OF THE POTOMAC AND
ENGAGED PLANT STAFF AND UTILITY MANAGEMENT IN CARRYING OUT THE
ASSESSMENT. MDE HAS HELD PUBLIC MEETINGS DISCUSSING THE PROJECT
GOALS APPROACH AND RESULTS OF THE ASSESSMENT. IMPORTANT INPUT
HAS BEEN RECEIVED THROUGH THESE MEETINGS NEWS ARTICLES HAVE
PUBLISHED THE AVAILABILITY OF THE PROJECT SUMMARY THROUGH MDE
AND DISCUSSED SOME OF THE KEY FINDINGS. THE COMPLETE REPORT WILL
BE SUPPLIED TO THE COUNTY ENVIRONMENTAL AGENCIES AND THE
GENERAL ASSEMBLY IN ACCORDANCE WITH THE POTOMAC RIVER
PROTECTION ACT. FURTHER COORDINATION AND PUBLIC DISCUSSION OF
THE SIGNIFICANCE OF THESE FINDINGS ALONG WITH THE FINDINGS OF
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EXECUTIVE SUMMARY

OVERVIEW

The safety of drinking water is one of the most important public health issues in any
society. In the past, efforts to achieve safety and to meet drinking water quality regulations have
tended to focus on the treatment works within a system. It was felt that with reliable treatment,
deterioration in source water quality could be overcome. Unfortunately, this approach fails to
take into account that the treatment “barrier” against contamination may fail at times (e.g., the
treatment plant may have an upset). Also, some customers, such as those who are immuno-
deficient, may need additional protection. Additionally, some as-yet unknown contaminants,
which may exist in trace amounts, may pass through the treatment plant. Thus a need for source
water quality protection as an additional “barrier” to contamination and an enhancement to water
quality is now well recognized as an important part of the “multiple barrier” approach. Source
water protection also may result in cost savings in plant operations.

Efforts to clean the nation’s surface waters started several decades ago, but have largely
focused on improving the ecological quality of streams, rivers, lakes, and estuaries for protection
of wildlife and the environment rather than potable water supply. Although wildlife and human
health needs are often similar, “safe” raw water is not necessarily the same as “clean” natural
water. Protection and restoration of water bodies as an additional barrier for providing high
quality drinking water requires somewhat different management practices. A first step toward
achieving this is provided by the 1996 Safe Drinking Water Act Amendments, which requires
each State to conduct a Source Water Assessment (SWA) for each drinking water intake in the
State.

This SWA for Maryland Water Plants on the main stem of the Potomac River was
conducted to meet the above requirement and was undertaken by the Maryland Department of
the Environment (MDE) with the Becker & O’Melia, LLC team (including the Center for
Watershed Protection) serving as the consultant to perform the assessment. The purpose of this
report is to document the methodology and procedures, findings, and recommendations of the
SWA, and to provide a framework for developing a Source Water Protection Plan (SWPP).

The focus of the SWA is primarily on the Potomac River Watershed and does not review
in detail other key components of the City of Rockville’s system such as the treatment and
distribution facilities. As such, the SWA only addresses the raw water quality and does not
address the quality of the finished (i.e., tap) water. The safety requirements for finished water
are achieved by meeting the United States Environmental Protection Agency prescribed limits,
known as Maximum Contaminant Levels (MCL), for the contaminants which are known or
suspected to pose a significant health risk. It should be noted that numerous long-standing
efforts to improve water quality in the Potomac River exist. The SWA and its protective
outcomes are thus an additional, proactive, and conservative effort toward achieving higher
quality drinking water and creating an additional barrier against contaminants which are or may
be present in the raw water.

The following summarizes the main tasks of the SWA for Maryland Water Plants on the Main
Stem of the Potomac River:
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delineating the boundaries of the watershed,

identifying potential contaminants of concern,

locating potential sources of those contaminants,

analyzing the threats posed by these sources and the likelihood of the delivery of these
contaminants to the intake,

developing recommendations for a Source Water Protection Plan, and

coordinating project efforts and communicating results with local stakeholders.

The key findings of the SWA include:

(@)

The dynamic nature of the Potomac River’s water quality at the existing intake is a major
challenges to providing safe drinking water and need to be better understood and
managed.

The watershed is primarily forested with significant agricultural and some urban land
uses.

Contaminants causing major challenges and of particular concern include: natural organic
matter (NOM) and disinfection by-product (DBP) precursors, Cryptosporidium oocysts &
Giardia cysts, taste and odor causing compounds, sediment/turbidity, algae, fecal
coliforms, and atrazine.

Future conditions are expected to show a small deterioration in source water quality at the
intake without implementation of increased management practices. The amount of
contaminants reaching the river and its tributaries can be reduced noticeably by
implementing "aggressive" management practices. However, levels reaching the plant
intake are expected to show a much smaller reduction for certain contaminants for many
years. This is due to natural processes in the river from the point of receiving the
contaminants to the plant intake. Furthermore, “aggressive” management in the upper
watershed will result rather quickly in reductions in phosphorus at the “edge-of-stream”
locations, but will not result in significant phosphorus reductions in the intake water due
to storage of phosphorus in the streambed and field sediment. However, when the
phosphorus concentrations in the streambed sediment reach equilibrium with the reduced
phosphorus loadings from the watershed, the impacts of the “aggressive” management
practices will be reflected in a proportional improvement in the intake water quality.
Therefore, these practices can be considered as an effective method of limiting
phosphorus and algae at the intake in the long-term.

The WTP is vulnerable to spills from a variety of sources in the watershed, and needs a
proactive spill management and response plan.

The recommendations of the SWA include:

O

A watershed protection group representing stakeholders should be formed to explore and
advocate “safe” water issues in concert with other SWAs for plants served by the
Potomac River and with ongoing and future “clean” water activities.
The watershed protection group should consider the following key issues and concerns:
o identification of goals, steps toward achieving those goals, and measures of
success;
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o involvement of local stakeholders in defining and pursuing the necessary studies
and steps before development of a source water protection plan;

o direct public awareness, outreach, and education efforts; and

o aggressive involvement in upstream agricultural and animal farming BMP
implementation plans to address nutrient, bacteria, and pathogen loads..

o As Cryptosporidium in raw water poses a threat, appropriate source evaluation
and management practices for fecal contamination should be considered to
improve public health protection.

o Phosphorus control should be pursued. This is expected to eventually have modest
positive impacts on raw water NOM concentrations due to reduced algae
production, but the impacts of nutrient control may be delayed significantly due to
nutrient storage in the fields and streambeds.

o Phosphorus control will have little or no impact on terrestrial NOM & DBP
precursors which are likely significant due to the extent of forested land in the
watershed. Further study on the relative contribution and fate of DBP precursors
from terrestrial sources compared to in-river sources (i.e., algae) is warranted to
focus management practice implementation.

o A proactive spill management and response plan, in coordination with other
stakeholders should be developed

Potential Benefits of a Source Water Protection Plan

This source water assessment indicates that implementation of a source water protection
program can be expected to improve the Potomac River water quality at the intake. These
opportunities for improvements include:

o reducing the solids loading to the plant,

o reducing the magnitude and frequency of high pH, high NOM events which result
from algal, phytoplankton, and macrophyte activities in the Potomac and its
tributaries, and

o improved protection from pathogens including Cryptosporidium and Giardia.

The primary improvement that management activities would accomplish is the provision
of an additional barrier in the protection of the health of the City of Rockville’s customers.
Environmental improvements would also be achieved through improved watershed management.
The following improvements relevant to the Rockville WTP can also be expected:

o a reduction in the amount of treatment chemicals, (including coagulant, chlorine, and
acid) required to treat water,

o areduction in the amount of residuals which must be processed and disposed of, and

o a lengthening in filter runs and thus reduction in the amount of backwash water used at
the WTP.

Source Water Assessment Methodology

This assessment project provides a technical framework upon which a Source Water
Protection Plan can be developed and implemented for the WTP. The following summarizes
the main tasks of the SWA:

o delineating of the boundaries of the watershed,

o identifying potential contaminants of concern,
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o locating potential sources of those contaminants,
o analyzing the threats posed by these sources and the likelihood of the delivery of these
contaminants to the intake,
o developing recommendations for a Source Water Protection Plan, and
o coordinating project efforts and communicating findings to local stakeholders, including
briefings and public meetings.
The project approach reflects MDE’s commitment to develop an effective basis and approach for
protecting the Potomac River for use as a regional water supply source. This approach is
consistent with MDE’s Source Water Assessment Plan that was approved by the US EPA.
Delineation of Boundaries of the Watershed
The watershed boundaries were established based on preliminary delineation maps,
which were prepared by MDE. These maps were refined in the area of the intake based on local
geography. The Potomac watershed is very large and includes parts of four states. Coordination
of protection efforts among many stakeholders is another challenge and is needed for a
successful SWPP.
Inventory of Potential Contaminants of Concern
Contaminants of concern were selected based on the actual challenges that the WTP faces
and on the criteria provided by the Maryland Source Water Assessment Plan (MD-SWAP). This
was achieved by collecting water quality data from a variety of sources and determining the level
and frequency of their historical occurrences (see Section 5 and Appendix B of the main report).
Location of Potential Sources of Contaminants
Potential sources of contaminants were compiled using a variety of data sources (see
Section 6 of the main report). These potential sources were organized according to source type
and shown on GIS maps. The maps include land uses, point and nonpoint source locations as
well as potential spill sources. These mapped sources served as the basis for management
options which were developed by the project team. The options must be discussed and
coordinated with the stakeholders and be used as the basis for developing a protection plan.
Analysis of Threats Posed by Sources and the Likelihood of the Delivery of Contaminants to
the Water Supply
The threats to the water supply for various scenarios were assessed. Based on potential
sources within each subbasin, appropriate management practices were selected for evaluation.
These management practices were evaluated using the Center for Watershed Protection’s
Watershed Treatment Model (WTM) which estimates the “edge-of-stream” contaminant loading.
Changes in contaminant concentration as they travel from the “edge-of-stream” toward the plant
intake were evaluated using the Chesapeake Bay Program Model. Scenarios evaluated include:
o current conditions,
o future (year 2020) conditions reflecting growth and projected changes in land use
with little change in current management practices,
o future conditions with moderate improvements in management practices, and
future conditions with aggressive improvement in management practices.
o The Bay Program model was modified and calibrated at the point of the WSSC
Potomac WFP intake. The results of this modeling were evaluated in the area of
the City of Rockville’s intake.

0]
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A time of travel model was run by the Interstate Commission for the Potomac River
Basin to group the potential contaminant sources according to the flow time from the edge of the
stream to the intake under several flow conditions.

Key Findings
The tasks in the methodology described above resulted in information about:
o contaminants of particular concern at the WTP,
o the sources of these contaminants of concern, and
o the threats posed by these sources on the WTP.

Based on evaluation of this information, key findings regarding the WTP and its
watershed are described below.
Inventory of Potential Contaminants of Concern
Identified contaminants of concern to the Rockville WTP therefore include:
o Cryptosporidium and Giardia
Fecal coliforms
Sediment
Atrazine
Natural Organic Matter and disinfection by-product precursors
Algae, and their limiting nutrient, phosphorus
Tastes and odor causing compounds

O O0O0OO0OO0OO0

To facilitate the assessment of the extent that these contaminants may reach the Rockville
intake, these contaminants have been classified into four groups:

Group 1 — Cryptosporidium, Giardia, fecal coliforms, and sediment. Cryptosporidium
and Giardia are human pathogens that are resistant to chlorine disinfection and are one of the
most significant challenges for a water treatment plant. Fecal coliforms are indicators of fecal
contamination and the presence of other human pathogens. Sediment can shield pathogens from
disinfection and increases treatment costs. These contaminants have been grouped together
because they are all generally associated with sediment and solids in the River and watershed
and their presence in the raw water also significantly impacts treatment plant operations.
Because of their association with solids, they are generally transported to and removed in a
treatment plant by similar mechanisms and with somewhat comparable efficiencies, and they can
therefore be modeled to some extent through the use of sediment as a surrogate.

Group 2 — Natural organic matter, disinfection byproduct precursors, and algae and its
nutrients nitrogen and phosphorus. Natural organic matter, which can be represented by total
organic carbon, includes disinfection by-product precursors and increases coagulant demand.
Algae may increase disinfection by-product levels, increase coagulant demand, and interfere
with filter operations. The growth and activity of algae is largely dependent upon the availability
of the nutrients nitrogen and phosphorus. These contaminants are grouped together because they
are similar in terms of their impact on chemical and physical treatment processes in the plant as
well as on the formation of disinfection byproducts following chlorination.

Group 3 - taste and odor causing compounds. Taste and odor causing compounds are
numerous and can affect consumer confidence in their drinking water. Algae can also produce
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noxious tastes and odor compounds, and while listed in Group 2, algae levels may affect taste
and odors.

Group 4 — Atrazine. Atrazine is a common agricultural pesticide which is used
seasonally in the watershed and has been identified in raw water samples at the plant. Atrazine
has been detected in 4 of 22 samples with a maximum detection at 1.76 pg/l, which is 59% of the
MCL.

Location of Potential Sources of Contaminants

Watershed sources of contaminants in the Potomac River are categorized as potential
spill sources, point sources, or nonpoint sources. Maps were created showing land use types and
the following contaminant themes:

o Watershed and subwatershed delineation
Land use
Hazardous and toxic waste sources
Potential petroleum sources
Facilities with NPDES permits
Potential sewage problem areas

0O 00 OO

Air deposition is reflected in land runoff and was not separately analyzed. Maps showing
sources are included in the report body and appendices.
Potential Spill Sources

The Rockville WTP may be vulnerable to a variety of contaminants due to spills. A
time-of-travel model was used to analyze the potential spill sources which could impact the
water quality at the plant intake. The significant potential sources were grouped by their time of
travel to the plant under various flow conditions in the River and have been summarized and
documented.

Point Sources

Municipal wastewater treatment plants (WWTPs) contribute Cryptosporidium oocysts,
Giardia cysts, fecal coliforms, natural organic matter, and nutrients which stimulate algae. Other
compounds found in municipal discharges, such as pharmaceutical chemicals and hormones
were not studied as part of this project. WWTP design and operating parameters are key factors
in reducing the impact on and risk to drinking water supplies. Plant upsets including flood flows
(whether caused by combined systems (CSOs) or inflow and infiltration in sanitary systems
(SSOs)) and process failures result in violations and adverse impacts on receiving water quality.
In the Potomac watershed, sewerage failures result in significant untreated discharges. The maps
in the attached CD specifically identify these WWTP and other point sources.

Nonpoint Sources

Nonpoint sources are significant sources of Cryptosporidium oocysts, Giardia cysts, fecal
coliforms, sediment, dieldrin, natural organic matter, nutrients which stimulate algae, and taste
and odor causing compounds. Impacts of nonpoint sources are quantified based on aggregate
land uses in the subwatersheds of the basin.

Evaluation of current land uses in the watershed this data indicates:
o the headwaters are predominantly forested and include the bulk of the area under
silviculture as well as substantial pastured areas;
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o the Shenandoah Basin and Great Valley are dominated by agricultural land uses
with significant forested area, (although very little of these forested areas are
under silviculture);

o the lower parts of the watershed include the bulk of the developed land in the
watershed (both residential and commercial/ industrial) but also include
substantial amounts of forest and agricultural land.

These landuses are shown on maps in the appendices (on the attached CD). The large
livestock population in the watershed is a major challenge and is likely to be as significant a
source of pollution as the human population. Detailed future land uses were developed for the
year 2020, and changes in land use were projected. The findings indicate the following:

o Agricultural, silvicultural, and mining land uses are expected to remain
essentially unchanged throughout the watershed.

o Some forested areas throughout the watershed are expected to become urbanized
and this development will result in increased residential development,
commercial/industrial development, and roadways and similarly decreased
forested areas.

o Projections include reductions in active construction activities in the headwaters,
Shenandoah Valley and Great Valley.

Analysis of Threats Posed by Contaminant Sources and the Likelihood of the Delivery of
Contaminants to the Water Supply

The modeling approach described above was utilized to analyze the susceptibility of the
water supply to contamination from the identified contaminants of concern. The results of the
modeling are discussed below and organized by contaminant group. It is important to remember
that the quantitative predictions from the modeling are subject to the limitations presented by the
assumptions and the surrogates utilized as well as the relatively gross scale and level of detail in
the models.  Results are presented primarily to provide relative comparisons of overall
management options.
Susceptibility to Group 1 Contaminants of Concern (sediment/turbidity, Cryptosporidium,
Giardia, and fecal coliform)

Group 1 contaminants are at their highest concentrations at the plant following rainfall
and increased river flow. While it is typical that high sediment levels in water correlate with
elevated Cryptosporidium, Giardia and fecal coliform, management of these sources can be
separate and distinct from sediment control. In addition while sediment stored in the tributaries
and river system will continue to impact the water plant into the future, the elimination or
reduction of sources of fecal contamination will produce immediate benefits due to limitations
concerning the survival time of pathogens in the environment.

Unlike sediment particles, Cryptosporidium and Giardia enter the environment through
fecal contamination. Appropriate oocyst and cyst management practices include those that
prevent fecal contamination (e.g. animal waste management, stream fencing, wastewater
treatment filtration, CSO/SSO control). Where contamination is not prevented, oocysts and cysts
survive for up to 18 months in the environment. They are transported through the environment
in much the same way that sediment particles are transported. Appropriate management
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practices therefore also include those that control particle runoff to and particle transport within
streams (e.g. buffer strips, structural treatment practices, erosion and sediment control).

The effectiveness of appropriate management practices in preventing fecal contamination
is highly dependent on local conditions but is well demonstrated. Unfortunately, insufficient
data is available to allow appropriate modeling of these practices (especially regarding
Cryptosporidium and Giardia). Recommendations for prevention of fecal contamination
therefore remain qualitative. Because oocysts and cysts persist in the environment, sediment
particles are considered an appropriate surrogate for their transport in the environment.
Sediment control management practices applied in areas which are susceptible to fecal
contamination (i.e. pastures, urban areas, dairy farms) are therefore expected to control oocysts
and cysts in roughly the same way they control sediment.

The only contaminant in Group 1 which was explicitly modeled under the modeling
approach was sediment/turbidity. The modeling results indicated the following regarding
sediment:

e The future “no management”™ scenario predicts small increases in sediment concentrations,
whereas under the “aggressive” scenario, predicted solids peaks are actually reduced from
current peaks.

e The predicted changes are the net result of management practices in upstream subwatersheds
and in-stream processes. Because solids are stored in the Potomac streambed, little change in
sediment concentrations was noted under any scenario. It is important to note that the Center
for Watershed Protection’s Watershed Treatment Model predicts significant sediment “edge-
of-stream” load reductions for some subwatersheds with “aggressive” implementation of
management practices. Even though these reductions translate into only modest reductions at
the intake, they could be significant for local water quality improvements as well as other
Potomac water plants upstream, further supporting the recommendations.

e It is important to note that nonpoint urban loads will typically increase, even with
implementation of BMPs. However, this increase in urban load will not typically increase
the overall load significantly because of the small amount of urban land. As urban areas
increase in the watershed, especially beyond the planning period of this study, control of
these impacts will become more important.

Susceptibility to Group 2 Contaminants of Concern (natural organic matter, disinfection
byproduct precursors, and algae and its nutrients)

Group 2 contaminants generally present their greatest challenges to the treatment plant
during low flow, warmer months. The contaminants in Group 2 were modeled using explicit and
surrogate measures. Total organic carbon was modeled and served as a surrogate for natural
organic matter and disinfection byproduct precursors. Chlorophyll-a, which is a constituent of
algal cells, was modeled as a surrogate for algae, while total nitrogen and total phosphorus were
modeled explicitly. The modeling results yielded similar findings as the Group 1 contaminants,
including:

e The future “no management” scenario predicts small increases in phosphorus concentrations,
while the future “aggressive” management scenario predicts a small decrease in phosphorus
concentrations at the intake. It should be noted that for the “aggressive” scenario, the WITM
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shows significant reduction in “edge-of-stream”™ phosphorus loads in some subwatersheds.
This significant reduction will be reflected by an associated long-term reduction at the WTP
intake when the river sediments and the loads come into equilibrium as required by mass
balance considerations, and therefore these management practices would be effective for
control of phosphorus and algae. However, in the short-term, the associated reduction at the
- intake is much less significant due to the storage of phosphorus in the sediment. The in-river
modeling utilized in this study focused on the short-term impacts of management practices,
and did not account for change in storage of phosphorus, and thus the future “aggressive”
scenario predicts that phosphorus and chlorophyll-a peaks are reduced only negligibly at the
intake.
e As urban areas increase in the watershed, especially beyond the planning period of this study,
control of the significant associated impacts will become more important.

Susceptibility to Group 3 and 4 Contaminants of Concern (taste and odor producing compounds,
and atrazine)
None of the Group 3 or 4 contaminants were modeled explicitly due to limitations of the
models and the unknown nature of the taste and odor producing compounds. Taste and odor
causing compounds are generally a concern during summer months when algal blooms
occur in stagnant areas of the Potomac River. Atrazine is generally not associated with
sediment particles and would not be expected to be removed efficiently at the plant.

Recommendations

Source Water Protection Planning Recommendations

Based on the finding of this SWA a series of recommendations were developed to be
used as the starting point for developing a SWPP. These recommendations are summarized in the
overview part of this Executive Summary and presented in detail in the report, separately for
each group of contaminants of concern.

Public Outreach Program for this Source Water Assessment

Participation from others outside of the project team has been a key element of this
Source Water Assessment. Ultimately the success of source water protection efforts will be
dependent on a wide range of participants including local jurisdictions, Potomac Basin States,
water utilities, watershed residents, agricultural producers, the federal government and the
public. The project team has coordinated closely with teams performing other SWAs in the
Potomac Watershed and the assistance of these dedicated professionals has been key to
performing the assessment. The project team also visited each of the Maryland Water Treatment
Plants on the main stem of the Potomac and engaged plant staff and utility management in
carrying out the assessment. MDE has held public meetings discussing the project goals
approach and results of the assessment. Important input has been received through these
meetings News articles have published the availability of the project summary through MDE
and discussed some of the key findings. The complete report will be supplied to the county
environmental agencies and the General Assembly in accordance with the Potomac River
Protection Act. Further coordination and public discussion of the significance of these findings
along with the findings of source water assessments of other water suppliers using the Potomac
River is anticipated.
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SECTION 1 - INTRODUCTION

1.1 - New Water Supply Challenges
The 1996 Safe Drinking Water Act Amendments required that an SWA be conducted for

all public water systems, with the overall purpose to enhance public health protection by
assessing sources from the drinking water perspective. This perspective is somewhat different
from the “fishable and swimable™ goal of the Clean Water Act. For example, a river that meets
all typical environmental water quality criteria for aquatic life and recreation may have high
organic content that forms unacceptable levels of disinfection by-products upon adding chlorine
during water treatment.

Efforts to clean the nation’s surface waters started several decades ago, but have largely
focused on improving the quality of streams, rivers, lakes, and estuaries for protection of wildlife
and the environment rather than potable water supplies. Efforts to provide safe drinking water
have historically included finding the best available source, using appropriate treatment and,
more recently, improving the distribution and storage of treated water. Although wildlife and
human health needs are often similar, “safe” raw water is not necessarily the same as “clean”
natural water and protection and restoration of water bodies for drinking water supply require
somewhat different management practices, and thus the need has been identified for source water
assessments (SWAs).

The City of Rockville, Maryland Department of the Environment (MDE) and other water
utilities and regulators now perform their critical work in an environment of increasingly
stringent regulations and with a public that is more educated on water quality issues than ever
before. In response to new and proposed regulations, the Partnership for Safe Water, and public
concern, Rockville’s Water Treatment Plant (WTP) and other treatment facilities are being

optimized to meet ever more demanding goals for pathogens, disinfection by-products (DBPs),
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turbidity and particle counts.
1.2 - Challenges at the Rockville WTP

Raw water quality at the Rockville WTP presents a major treatment challenge and needs
to be better understood and managed to assure continued and improved protection of the health
of Rockville’s customers. Although the Rockville WTP consistently produces water that meets
or does better than EPA’s drinking water standards, its operators face many challenges due to

less than ideal raw water quality.

1.3 - Overall Strategy for Meeting These New Challenges

1.3.1 - A Multi-Barrier Approach
In the US, multiple barriers are employed to protect the public from waterborne illness.

These barriers include: collection and treatment of contaminated domestic and industrial wastes;
mitigation within rivers, reservoirs and aquifers, drinking water treatment and distribution, and
management of our water supplies to prevent or mitigate contamination.

The extent to which Rockville’s customers are protected from waterborne disease
depends on the number and efficiency of barriers to infection. Consistent improvements in
farming practices, the collection and treatment of wastewater in the watershed, and the treatment
and distribution of safe drinking water by Rockville have consistently improved the quality of
water supplied to Rockville’s customers. The 1996 Safe Drinking Water Act (SDWA)
amendments establish, within the regulatory framework, ongoing efforts to extend and improve
the multiple-barrier approach by placing a strong emphasis on preventing contamination through
source water protection and enhanced water system management. These SWAs serve as the

latest step in a process of evaluating and improving watershed activities for the protection of

public health.
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Although there has been significant progress, source water quality problems persist in the
Potomac River. Recent sampling and evaluation efforts indicate that significant fractions of its
tributaries are at least partially impaired. Point sources contribute significant amounts of
contaminants that must attenuate within the river system or be removed in the treatment works at
the Rockville WTP. Although somewhat less well documented and quantified, the effects of
non-point sources of pollution are known to be significant in the entire Potomac River Watershed

Nonpoint sources include urban and suburban run off, crop and livestock operations, forest
activities, and other watershed activities.

According to EPA “Source water protection is a common sense approach to guarding
public health by protecting drinking water supplies. In the past, water suppliers have used most
of their resources to treat water from rivers, lakes, and underground sources before supplying it
to the public as drinking water. Source water protection means preventing contamination and
reducing the need for treatment of drinking water supplies. Source water protection also means
taking positive steps to manage potential sources of contaminants and contingency planning for
the future by determining alternate sources of drinking water. Protecting source water is an
active step towards safe drinking water; a source water protection program (along with
treatment, if necessary) is important for a community's drinking water supply. A community may
decide to develop a source water protection program based on the results of a source water

1
assessment’”.

1.4 - Framework of the Study
In August of 1997, EPA presented the “Source Water Assessment and Source Water

Protection Program (SWPP) Guidance for States™ to use while implementing the source water

' USEPA (1999).
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provisions of the 1996 SDWA Amendments. The SWA program is designed to provide
information that will lead to a SWPP that improves public health protection.

EPA guidance on SWAs addresses the 1996 SDWA Amendments’ requirement that
States identify the areas that are sources of public drinking water, assess water systems'
susceptibility to contamination, and inform the public of the results of this assessment. Based on
this guidance, MDE has developed the Maryland Source Water Assessment Program under
which this project has been executed. |

Because of the historical emphasis on ecological issues, there is a great deal of existing
information regarding the effects of watershed activities on the quality of natural surface waters,
particularly for parameters which affect the biological health of these waters. Due to the
SDWA, Information Collection Rule (ICR), the Source Water Assessment Program (SWAP), the
Clean Water Action Plan (CWAP), and other programs, there is also a great deal of data
regarding raw water quality, pathogen occurrence and treatability, and the occurrence and
impacts of best management practices (BMPs). This project has made use of this historical
record and has built upon and expanded this body of knowledge with an emphasis on public
health and drinking water issues.

Conclusions regarding general approaches to protecting the Potomac River as a water
supply can be drawn from this and previous work, but specific plans depend on local needs,
opportunities, and restrictions. The implementation of management practices and the
development on specific watershed protection programs requires input and contributions from a
wide variety of stakeholders. Water utilities; federal, state and local governments; watershed
councils; and grassroots organizations are among the active players in watershed management

and must share information effectively, whether through formal or informal partnerships. These
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stakeholders have a range of missions, jurisdictions, and authorities and may be better able to

fulfill each mission with close partnerships.’

> USEPA 1999
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response to threats posed by pathogens such as Cryprosporidium oocysts and Giardia cysts,
disinfection by-products, pesticides, and other drinking water contaminants.

Maryland has more than 3,800 public water supplies, approximately 50 of which use
surface water sources. The Maryland Department of the Environment (MDE) submitted the
Maryland Source Water Assessment Plan (MD-SWAP) to EPA in February of 1999. EPA
approved the MD-SWAP in November of 1999. Under these federal regulatory requirements,
MDE has until May 2003 to complete these SWAs. The Potomac River Protection Act, signed
into law by Governor Glendening in May of 2000, sets an accelerated schedule in calling for
completion of the Potomac River SWAs by July 1, 2002.

Since 1996, the Potomac River has been designated as an American Heritage River. In
order to maintain this designation, the local community must achieve "measurable results"
toward achieving "natural resource and environmental protection, economic revitalization, and
historic and cultural preservation™ of the Potomac.

2.2 - Source Water Assessment Approach

The assessment project was performed to gather, analyze and interpret water quality

information and to establish the science upon which a Source Water Protection Plan can be

developed and implemented. The SWA for the Rockville WTP included:

o delineation of the boundaries of the watershed,
o inventory of potential contaminants of concern,
o location of potential sources of those contaminants,

o analysis of threats posed by these sources and the likelihood of the delivery of
these contaminants to the water supply, and

o development of recommendations for a Source Water Protection Plan.
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The development of these management plans and evaluations using the WTM are
described in this report under Section 7, “Susceptibility Analysis™.

2.2.4 -Analysis of Threats Posed by Sources and the Likelihood of the Delivery of
Contaminants to the Water Supply

Contaminants that flow into the Potomac River and its tributaries undergo natural
processes, which may significantly affect the amount that reaches the intake. Some
contaminants (including natural organic matter, algae, and taste and odor causing compounds)
may be produced within the waterbody rather than produced on, or applied to, the land. A few
contaminants undergo no change in the waterbody and are delivered to the intake at the same rate
that they reach the edge of the stream. In order to evaluate the contaminant load at the intake,
rather than at the edge of the streams, the Chesapeake Bay Program Office’s Chesapeake Bay
Model was applied as a watershed and fate and transport model. The Bay Program Model was
modified to evaluate only that part of the bay watershed upstream of the Rockville WTP intake.
Using this model, the same scenarios described above were run to evaluate the same
management practice programs evaluated with the WTM.

The Bay Program Model cannot directly model future conditions or management
practices. The WTM was therefore used to predict changes in the edge-of-stream loading, and
these changes to the edge-of-stream loading were entered into the Bay Program model for each
scenario. Running the Bay Program Model with these modified edge-of-stream loading allowed
evaluation of the impacts of these changed loadings (and the management practices which cause
them) on the raw water quality at the Rockville WTP intake. This modeling effort is described in
detail in this report under the subsection titled “Susceptibility Analysis”.

2.2.5 — Development of Recommendations for a Source Water Protection Plan
Based on the previous analyses, recommendations for the source water protection

program were made. There are a very large number and variety of people involved in
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management of the watershed and implementation of a source water protection plan will
necessarily involve coordination with a variety of officials, commercial entities, landowners, and
private citizens. Recommendations therefore include coordination with key stakeholders and
ongoing management activities. Specific management practices and the appropriate land use for
their implementation were recommended as a starting point for development of a source water
protection program. Based on the susceptibility analysis and experience with management
practices, the project team determined and described potential benefits of a management program
that includes these recommended practices. These recommendations are described in the

“Recommendations for Source Water Protection Program™ subsection of this report.
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Potomac Watershed is an interjurisdictional, multistate watershed encompassing approximately
11,440 square miles with thousands of potential sources of contamination.

The watershed includes areas of Maryland, Virginia, Pennsylvania and West Virginia.
The headwaters include the North and South Branches of the Potomac, which drain Appalachian
areas of Maryland and West Virginia. These areas include the urban areas of Frostburg,
Cumberland, Keyser, Romney and Petersburg. Mining activities continue in the upper parts of
the watershed.

The Upper Great Valley and Middle Potomac region include a great deal of agricultural
areas as well as the urban areas of Winchester, Hagerstown, Chambersburg, Harrisonburg and
Staunton. The lower parts of the watershed include urban areas of Frederick, Westminster,
Potomac, and Rockville.

3.2 - Description of Rockville WTP

The Rockville WTP began service in 1957 and was significantly expanded in 1964. It is
a conventional WTP employing raw water intake and pumping, rapid mixing of treatment
chemicals, flocculation, upflow clarification, filtration, disinfection and finished water storage
and pumping. Treatment chemicals used routinely include potassium permanganate (KMnO3),
polyaluminum chloride coagulant (PACI), nonionic polymer, chlorine, lime, and polyphosphate
(for distribution system corrosion control). Powdered activated carbon (PAC) is also available
but is not routinely applied.

The plant capacity is 8 MGD, although certain unit processes have significantly higher
capacities. Facilities include 4 filters that employ 3 layers of granular media and a 10 MG
clearwell for disinfection and finished water storage. Residual solids from the clarification and

filter backwash processes are thickened in gravity thickeners and dewatered in plate and frame
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nonionic polymer have reportedly alleviated some of these difficulties. KMnO4 is added at the
raw water pumping station for algae control. Operators report that this is effective for control of
blue-green algae, but not for brown algae. The plant prechlorinates to control brown algae. PAC
is available for control of taste and odor causing compounds but had not been needed for 2 years
prior to the year 2001 site visit.

Operators also report difficulty in the past maintaining the clarifier sludge blanket in the summer

during the mid afternoon, when sunlight warms the clarifiers. The switch to PACI reportedly improved

sludge blanket characteristics and has alleviated this problem to some extent.

Page 15




SECTION 4 - WATERSHED CHARATERIZATION

The Bay Program watersheds include 11 Potomac River subsheds that lie upstream of the
City of Rockville’s intake. These subsheds (shown on Figure 1 above) generally comprise the
areas described on Table 1. Operators report that Watts Branch (which joins the Potomac River
more that a mile upstream of the intake, causes significant water quality problems during storm
events in the Watts Branch watershed. The intake is also downstream of the outfall at WSSC’s
Potomac WFP, which discharges backwash water and some sedimentation basin solids.

The Watts Branch watershed has a drainage area of approximately 22 square miles.
Watts Branch flows southwest through Rockville and Potomac, Maryland, to its confluence with
the Potomac River. Several tributaries, including Piney Branch, flow into Watts Branch north of
the Potomac River. Most of Watts Branch flows through a narrow, forested, riparian corridor;
however, residential, commercial, transportation (including Interstate 1-270), and recreational
uses are present. Due to this development, the watershed consists of approximately 16%
impervious surface, which inhibits infiltration of precipitation and causes increased overland
flow, which carries higher amounts of sediments and pollutants into Watts Branch.

Historical maximum Potomac River flow near the location of the intake is estimated at
164,000 cfs, the estimated median flow is 6,200 cfs and the estimated average flow is 11,276

cfs”,

4 USGS 1999
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Table 1 — Counties Within CBPO Subwatersheds

CBPO General Maryland Virginia Pennsylvania | West Virginia
Subshed Description Counties Counties Counties Counties
Designation
Grant,
160 North Branch Garrett, Bedford, Hampshire,
Potomac Allegany Somerset iz
Grant,
170 South Branch Highland Hampshire,
Potomac Pendleton
75 Cacapon-Town & Allegan Bedford, Morgan,
Conococheague- gany Fulton Hampshire
Opequon
Augusta,
190 South Fork Page,
Shenandoah Rockingham,
Warren
Clarke,
Frederick,
North Fork Rockin ham,
200 Shenandoah & Warreng Jefferson
Shenandoah Shenandoah,
Page*
Clarke Franklin Metgan,
740 Congcocheague- Washington Frede ri’ck Fulton ’ Jefferson,
pequon Berkeley
730 Conococheague- | Washington* Franklin,
Opequon Adams*
Conococheague- . .
180 ‘Opequon & Woslingtan, | g 0 dom Franklin, Jefferson
Middle Potomac- | Carroll Adams
Catoctin
Frederick,*
750 Monocacy Carroll® Adams
Montgomery,
21 0 Monoca Cy FI’edel’le, AdamS
Carroll
' Fairfax,
220 M'ddcl;e fottc_)mac- Montgomery | Loudon,
atoctin .
Fauquier

* subwatershed contains a very small portion of this county
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4.1 - Current Land Use, Livestock and Population
Detailed land use is shown on maps included in the appendices (on attached CD).

Approximate current land use distribution in the watershed is shown on Figure 2.

Figure 2: 1997 Land Use

Open Water &
Wetlands - <1%

Urban - 4%

Mining - <1%\\
N /

Pasture - 15%

Crop Land - 11 %

Forest - 60% Hay Land - 9%

1997 land uses within the subwatersheds are shown, organized according to Bay Program
subwatershed, in Table 2. Evaluations of this land use data indicate:

o the headwaters (subsheds 160, 170, and 175) are predominantly forested and
include the bulk of the area under silviculture as well as substantial pastured
areas;

o the Shenandoah Basin and Great Valley, (subsheds 190, 200, 740 and 730) is

dominated by agricultural land uses including cropland and pastures with a

*‘ Becker and O'Melia, LLC Page 18




significant forested area, although very little of this forested areas are under
silviculture;

o the lower parts of the watershed (subsheds 750, 180, 210, 220 and 225) include
the bulk of the developed land in the Rockville WTP watershed (both residential
and commercial/ industrial) but also include substantial amounts of forest and
agricultural land.

Current estimates of livestock in the watershed are shown on Table 3. Pollutants from beef cattle
are accounted for in pasture landuse categories and are thus not included in these totals. As the
watershed includes a large amount of pastureland, the number of beef cattle is high and represent
a significant source of contaminants.

In 1990, the human population in the watershed was approximately 1,464,000.> There are
currently modify 450 wastewater treatment plants in the watershed, more than 350 of which are
considered minor based on treatment capacity, and there are approximately 422,000 septic

systems in the watershed.

> USGS 1999
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TABLE 3. NUMBER OF ANIMALS BY WATERSHED SEGMENT.

Segment SWINE DAIRY(*) LAYERS BROILERS TURKEYS
160 2,760 7,416 28,030 214,028 5,628
170 1,466 149 59,305 628,195 137,038
175 4,466 5,055 17,480 88,105 1,158
180 20,244 20,284 62,926 7,700 18,995
190 8,207 22,246 242,957 2,600,899 655,708
200 6,833 16,864 139,477 1,614,577 404,747
210 10,533 26,060 108,346 2,588 42,558
220 1,037 2,649 350 25 64
225 228 1,255 1,719 0 1,695
730 65,184 27,673 156,846 36,443 49,229
740 22,055 15,933 31,631 2,697 15,781
750 6,389 3,120 73,714 6,250 36,857

Total 149,400 148,702 922,781 5,201,507 1,369,459

* Pollutants from beef cattle are accounted for in pasture landuse categories and are thus not included in
these totals.

4.2 - Population Projections
Population distribution by 8-digit hydrologic unit code (HUC-8) and the changes in

population from 1992 to 2000 are shown on Table 4. Projected population, organized according

to Chesapeake Bay Program Office (CBPO) subwatershed, are shown on Table 5.

Table 4 Population By HUC — 8 Watershed
Population by HUC - 8
HUC - 8 name 1992 1995 2000
CACAPON-TOWN 29,328 30,344 30,998
CONOCOCHEAGUE 366,394 | 379,768 | 400,108
MIDDLE POTOMAC-CATOCTIN 517,551 550,987 | 583,142
MONOCACY 220,058 | 237,680 | 265,524
NORTH BRANCH POTOMAC | 114,423 114,490 | 116,427
NORTH FORK SHENANDOAH 74,092 77,318 81,313
SHENANDOAH 44,506 46,659 49,034
SOUTH BRANCH POTOMAC 29,181 30,156 29,659
SOUTH FORK SHENANDOAH 188,087 195,205 | 195,750
Total 1,583,620 | 1,662,207 |1,755,955
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Table 5 — Projected Population by Watershed Segment
¢BPO | 1997 2020 | Population
Subshed | Distribution among HUC 85 population [population| Increase
160 North Branch Folorse 115,265 | 117,145 1,880
170 South Branch Potomac 29,957 31,582 1,625
175 Cacapon-Town 30667 | 35,149 4.482
2% of Middle Potomac
0,
180 15% of Conococheague 169,350 | 201,838 | 32,479
26% of Middle Potomac
190 South Fork Shenandoah 195,423 214,667 19,244
200 Shenandoah 126,524 | 158,201 | 31,767
South Branch Potomac
210 Monocacy 216,517 | 304,417 87,900
220 Middle Potomac 419,500 | 526,993 107,403
730 Conococheague 83,868 89,597 5,729
740 Conococheague 204,981 | 265,489 60,508
Total 1,624,362 | 1,983,661 | 359,209

4.3 - Land Use Projections
Projected future (year 2020) land uses within the watershed, summarized according to the

Bay Program subwatersheds, are shown on Table 6 and described in detail in Appendix C.

Evaluation of these projections indicates:
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o Agricultural, silvicultural and mining land uses are expected to remain
unchanged throughout the watershed.

o Some forested areas throughout the watershed are expected to urbanize
and this will result in increased residential development,
commercial/industrial development, and roadways, with similarly
decreased forested areas.

o Projections include reductions in active construction in the headwaters,
Shenandoah Valley and Great Valley.

o Active construction is expected to increase in the lower parts of the

watershed.
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SECTION 5 - WATER QUALITY DATA

In order to determine the historical occurrence of contaminants in the raw water at
the Rockville WTP, sampling data were collected and evaluated. These evaluations are
described in detail in Appendix A and are summarized below.

5.1 - Review of Water Sampling Data

Monitoring of raw, finished and tap water quality is an important step in reliably
providing safe water and assuring protection of the public health. Under the Safe
Drinking Water Act, EPA requires monitoring of regulated contaminants. The City of
Rockville and MDE regularly monitor for these and other water quality parameters.
These data are an important resource for evaluation of the Potomac River as a drinking
water supply. A review of these data, data from other WTPs on the Potomac, and other
ambient water quality monitoring data has established contaminants that are of concern at
the Rockville WTP. The project team has reviewed historical water quality reports, and
data stored in the EPA’s STORET and ICR databases, and MDE’s Public Drinking Water
Information System Database, as well as Monthly Operating Reports submitted to MDE
by the City of Rockville and other Potomac River WTPs.

This review resulted in the identification of the following contaminants as being

of particular concern at the Rockville WTP:
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e Natural Organic e Algae

Matter e Disinfection By-
e Giardia Product Precursors
e Cryptosporidium e Fecal Coliforms
e Tastes and odors e Cadmium
e Sediment e Atrazine

5.1.1 - Method of Evaluations
Evaluations were based on an extensive list of potential contaminants of concern, which

was developed using criteria established in the Maryland Source Water Assessment Plan and
experience at Potomac River treatment facilities. Contaminants listed in Appendix 2.1 of
Maryland’s Source Water Assessment Plan (MD-SWAP), and other compounds that affect the
water quality were considered.

In addition to all regulated contaminants with established maximum contaminant levels
(MCLs), contaminants that have a negative impact on plant operations and raw water treatability
were considered for evaluation. Natural organic matter, which is traditionally measured by
surrogates including total organic carbon (TOC), was included because it can have a controlling
impact on coagulation, exerts a chlorine demand, and because it includes disinfection by-product
precursors. Sediment [measured as turbidity or total suspended solids (TSS)] was included
because of the cost and operational difficulties of removing and disposing of sediment and
because many other contaminants enter the treatment works associated with sediment.
Contaminants that threaten the natural steady state condition and long-term sustainability of the
Potomac River were also identified. Phosphorus (the limiting nutrient in the Potomac River),
pH, and ammonia were also considered. ~Consideration was also given to contaminants for

which regulations are expected soon. Finally, contaminants listed on the EPA Candidate
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Contaminant List (CCL) and under the EPA secondary standards were also considered. MDE,
and B&O’M collected readily available data for the list of potential contaminants of concern in
Appendix A.

5.1.2 - Results of Evaluations
The evaluations were carried out to determine which potential contaminants were to be

considered “contaminants of concern” according to established selection criteria. Because the
list of potential contaminants was more extensive than that established by the SWAP, some
additional selection criteria were developed. These criteria are described below, as are the
results of the evaluations.

5.1.2.1 - Regulated Contaminants

According to the SWAP, contaminants for which there is an MCL will not be listed as
contaminants of concern if existing data indicate that measured concentrations do not exceed
50% of the current MCL more than 10% of the time (the “50/10” criterion). Evaluation of the
data (as described in detail in Appendix A) revealed that none of the regulated contaminants (for
which an MCL has been established) meets this criterion and none are considered contaminants
of concern at the Rockville WTP.

Details of evaluations for inorganic compounds are presented in Appendix A. Of the 14
listed inorganic compounds for which data were available, 8 had no positive samples (above the
detection limit) for the contaminant. Of those that include positive samples, only total cadmium
has been detected at concentrations exceeding 50% of the MCL. The two samples with
detectable chromium concentrations were collected on June 23, 1993 and evaluations indicated
each had a total chromium concentration of 0.006 mg/L, which is 6% of the MCL for chromium.
Chromium is therefore not considered a contaminant of concern at the Rockville WTP. Analysis

of a single cadmium sample taken on the same day, June 23, 1993 indicated a concentration of
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0.13 mg/1 which is 260% of the MCL. Cadmium will therefore be considered a contaminant of
concern at Rockville’s Potomac River WTP.

Details of evaluations for organic compounds are also presented in Appendix A. Of the
45 contaminants for which data were available, 35 had no positive samples (above the detection
limit) for the contaminant. Di(2-ethylhexyl)adipate, hexachlorocyclopentadiene, and
trichloroethylene were present in only one sample each. Of the 10 organic chemicals that have
been detected, only atrazine has been detected at concentrations exceeding 50% of the MCL.
Details on positive organic samples are presented in Appendix A. Di(2-ethylhexyl)adipate and
Di(2-ethylhexyl)phthalate were also found in laboratory blank samples and therefore are not
believed to represent the actual water quality of the river. Atrazine has been detected at 1.76 pg/l
which is 59% of the MCL and atrazine is therefore considered a contaminant of concern at the
Rockville WTP.

Several contaminants are regulated (under the Total Coliform Rule, Surface Water
Treatment Rule, and Interim Enhanced Surface Water Treatment Rule) by requiring a particular
treatment technique rather than establishment of a MCL. These include total coliforms, fecal
coliforms, e. coli, turbidity, Giardia, Cryptosporidium, enteric viruses, legionella and
heterotrophic plate counts. The Rockville WTP meets or exceeds all relevant treatment technique
requirements. Microbiological contaminants are discussed in Section 5.1.2.4 below. As
discussed previously, turbidity and Cryptosporidium are contaminants of concern.

5.1.2.2 - Contaminants with Established Health Advisories

Part of EPA’s regulation setting process includes evaluation of health effects data to
determine at what concentration a particular contaminant is expected to cause a significant health
effect. Once these health effects have been established under this process, EPA may issue a

series of “health advisories™ for that contaminant. It is important to note that except for arsenic
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(for which there has been a recent reduction in the MCL), these are unregulated contaminants. In
this assessment, the health advisory that correlates to the lowest drinking water concentration
was used to establish the criterion for selection of contaminants of concern from this category.
Because the risk assessment for establishment of health advisories is similar to that for
establishing MCLs, the 50/10 criterion was applied to these parameters.

Details of evaluations for contaminants with established health advisories are presented
in Appendix A. Relevant data were available for 8 such contaminants. Arsenic samples,
collected to assure compliance with the current MCL of 50 vg/L, were tested using a
methodology with a detection limit higher than the proposed MCL of 10 vg/L. It is therefore not
possible to assure that these samples were not in excess of 50% of the MCL. There were no
positive samples (above the detection limit) for seven of these contaminants. A single
naphthalene sample indicated a concentration of 0.6 mg/L, well below 50% of the MCL.
Therefore none of these contaminants are considered contaminants of concern at the Rockville

WTP.

5.1.2.3 - Contaminants Which Affect Rockville WTP Operations

Some contaminants in natural waters significantly affect WTP operations although they
may otherwise pose little or no public health threat. Sampling data for these contaminants were
evaluated, but operational criteria were applied rather than health effects or established MCL
limits. Under these criteria, evaluations (as described in detail in Appendix A) were performed
for alkalinity, pH, and sediment (using turbidity as a surrogate).

Monthly operating reports from January of 1999 to November of 2001 were evaluated to
determine the occurrence, in the raw water, of contaminants that affect the operations of

treatment works. Details of these evaluations are presented in Appendix A. Alkalinity has varied
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from 24 mg/L to 136 mg/L with an average of 77 mg/L. Within this range, high alkalinity is a
boon to treatment. Low alkalinity can inhibit coagulation, making treatment more difficult. pH
has varied from 7.3 to 9.1 with an average of 8.1 and a 10% exceedance of 8.6. These pH values
aré somewhat high with significant variability. High pH causes problems when traditional metal
salt coagulants (like alum) are employed. Significant variations in pH also causes treatment
difficulties as coagulant dose must be adjusted to new water quality conditions and treatment
schemes which are most effective at one pH may be less ideal at significantly higher or lower
pH.

Raw water turbidity has varied from 1.0 NTU to 276 NTU with an average of 20 NTU.
Turbidity has exceeded 48 NTU on 10% of the days over the time period evaluated. Elevated
turbidity increases the solids loading on the facility, generally increasing the demand for
treatment chemicals; reducing filter run length; increasing the amount of sludge that must be
processed.

Based on current and future regulations, review of Potomac River water quality data,
previously prepared water quality summary reports, and evaluations performed in other Potomac
River Source Water Assessments, organic carbon is considered to be of concern and is included
in this SWA. Insufficient raw water organic carbon data were available for a thorough
evaluation. Organic carbon can have a controlling impact on coagulation and is an indicator of
disinfection by-product precursors.

5.1.2.4 - Disinfection and Disinfection Byv-Products

5.1.2.4.1 - Disinfection By-Products

At the Rockville WTP, which disinfects with free chlorine, disinfection by-products of
concern include trihalomethanes (THMs) and haloacetic acids (HAAs). These DBPs are formed

when some naturally occurring organic compounds (referred to in this role as DBP precursors)
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react with chlorine. DBPs themselves are not expected in the raw water of the Rockville WTP,
because DBPs are generally formed within the treatment works and distribution and storage
system after application of free chlorine. Raw water DBP formation potential data, which would
typically be evaluated to determine the watershed impacts on DBP formation, are not available.
Because of the current importance of DBPs in the water supply industry and the role of
watershed activities in controlling DBPs, DBP precursors are considered a contaminant of
concern at the Rockville WTP.

5.1.2.4.2 - Cryptosporidium and Giardia

Cryptosporidium (Greek for “hidden spore”) is a waterborne, parasitic pathogen that has
been implicated in several waterborne disease outbreaks in the US. Indications of
cryptosporidiosis include severe dehydration and diarrhea that is self-limiting in healthy patients
(typically lasting 10 to 14 days®) but can be chronic and life threatening in immunocompromised
individuals (including AIDS, transplant, and cancer patients; infants; and the elderly)7. 132
oocysts has been proposed as the dose which will infect 50% of those exposed (the so called
IDso), but doses as low as 30 oocysts may cause infection in healthy people. It is thought that a
single oocyst can cause infection in immunocompromised people®.

Cryptosporidium and Giardia enter the environment through fecal contamination from
infected humans and animals. Previous research has indicated that Cryptosporidium and Giardia
are present in source waters for most US surface water treatment plants.’ In cyst and oocyst
form they are resistant to many environmental conditions and disinfectants. Giardia cysts can be

reliably removed and inactivated in conventional water treatment.

¢ Holman (1993)

7 Graczyk et al. (2000)

® DuPont et al., (1995)

? LeChevallier, et al (1991)
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Cryptosporidium data recently collected by MDE and evaluated by a new method seem
to indicate consistent and moderate to high concentrations.

Requirements of the Long Term 2, Enhanced Surface Water Treatment Rule
(LT2ESWTR) will impose Cryptosporidium inactivation requirements [similar to those of the
Interim Enhanced Surface Water Treatment Rule (IESWTR)] on small systems based on the
results of future required monitoring with newer protocols. In September of 2000 the Federal
Advisory Committee (FACA) for the LTESWTR finalized an Agreement in Principle, which is
expected to serve as a foundation for the LT2ESWTR. The requirements of the LT2ESWTR
have not been finalized but are expected to be as follows:

o <0.075 oocyst/L in the raw water — no inactivation required beyond that required
by the IESWTR

o .075 — 1 oocyst/L in the raw water — 1 log inactivation required beyond that
required by the IESWTR

o 1—3 oocyst/L in the raw water — 2 log inactivation required beyond that required
by the IESWTR

© >3 oocyst/L in the raw water — 2.5 log inactivation required beyond that required
by the IESWTR

The regulatory definition of “inactivation” is expected to include a “toolbox” of practices
which may be utilized including inactivation (employing UV irradiation, ozone, or chlorine
dioxide), physical oocyst removal, and watershed practices. For instance, utilities are expected
to get 0.5 log credit for watershed protection programs and 0.5 log credit for maintaining filtered
water turbidity below 0.15 NTU.

Because of the presence of wastewater discharges, sewer overflows, and livestock in the

Potomac Watershed, Cryptosporidium is considered a significant public health issue at the
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Rockville WTP. Historical sampling throughout the watershed (carried out under the
Information Collection Rule) indicates the occasional presence of oocysts, but because of
deficiencies in analytical technology it is difficult to gauge the degree of contamination and the
infectivity of the oocysts that are present. MDE has initiated a project to further assess the
presence and infectivity of oocysts in the Potomac River and in wastewater effluents discharged
to the river. Preliminary results of this study indicate occasional but inconsistent presence of
oocysts in relatively low concentrations during non-storm events. However, storm samples
consistently had detectable and significant levels of oocysts. A significant fraction of the oocysts
detected were determined to be viable and infective.

Wastewater and cattle are major sources of Cryptosporidium oocysts and Giardia cysts'’.
High concentrations of Cryptosporidium oocysts are present in livestock and wildlife manure'’.
Feces from newborn calves (up to 2 weeks) have demonstrated the highest concentration of
oocysts'>"?. Land application of manure is widespread in the Potomac Basin and may be another
important source of contamination.'*

Several researchers have reported oocyst concentrations in sanitary sewage ranging from
10 to 20,000 oocysts/L. > '® Removal in conventional secondary WWTPs ranges from 87% to
99%'7. MDE’s ongoing study indicates high oocyst concentrations in most WWTP effluents and
implicates municipal WWTPs as a significant source. The MDE data and other research do

indicate that wastewater filtration is an important technology in reducing oocyst concentrations

' Jurenak et al (1995)
1 Fayer, et al. (1997)
2 Walker et al (1999)
1 Xia et al. (1993)

" Holman (1993)

" Walker, et al (1999)
' States et al. (1997)
7 Holman (1993)
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in wastewater effluent. New York City is funding microfiltration membrane processes at
wastewater treatment plants in their watershed to remove oocysts.

Giardia and Cryptosporidium are considered contaminants of concern because of
uncertainty in previous sampling results, recent significant recovery of oocysts in the Potomac
basin by MDE, and the importance of watershed management in the multiple barrier approach to
minimizing pathogen threats.

5.1.2.4.3 - Viruses and Coliform Bacteria

Viruses, e. coli and total coliforms are also regularly present in the raw water. Treatment
facilities at the WTP reliably remove or inactivate the contaminants. MDE presumes a public
health hazard if the log mean of fecal coliform samples exceeds 200 MPN/100 mL. Although
fecal coliforms are removed and inactivated in the WTP, they are an indication of fecal
contamination and may indicate contamination with other fecal pathogens. Evaluation of
available data (as described in detail in Appendix A) indicate that the 10% exceedance for fecal
coliforms exceeds 50% of the MDE standard, so fecal coliforms are considered a contaminant of
concern at the Rockville WTP. Viruses, e. coli, and total coliforms will not be considered
contaminants of concern for the project.

5.1.2.5 - Contaminants Which Affect the Aesthetic Quality of the Water

Evaluations of parameters that affect the aesthetic quality of the water (those for which
secondary standards have been established) indicate that only color and tastes and odors are
regularly present in the raw water at concentrations above the secondary standard. Therefore,
color and taste and odor causing compounds will be considered contaminants of concern for the
project. Color is generally a result of elevated levels of NOM, which has otherwise been

selected as a contaminant of concern.
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5.1.3 - Summary of Water Quality Sampling Data Evaluations
These evaluations (as described in detail in Appendix A) resulted in the identification of

contaminants of concern for the project. The subsequent work on the project focused on these

contaminants:
o Natural Organic Matter o Algae
o Giardia o Disinfection By-Product Precursors
o Cryptosporidium o Fecal Coliforms
o Tastes and odors o " Cadmium
o Sediment o Atrazine

5.2 - Review of Historical Ambient Water Quality Data and Reports

In order to better understand and define the current water quality conditions and historical
trends in the basin, historical reports of water quality conditions in the basin were evaluated, as
were selected historical water quality data.

Despite significant population growth and development in the basin, there have been
significant improvements in the general water quality of the Potomac Watershed, notably since
the passage of the Clean Water Act of 1972. Improvements to and expansion of wastewater
treatment facilities have caused reductions in failing septic systems and significant water quality
improvements in most areas of the basin, particularly reducing bacterial contamination.

5.2.1 - Pesticides
The United States Geological Survey (USGS) has found pesticides to be present in nearly

all of the nation’s surface waters. More than half of the waters in urban and agricultural areas
have one or more pesticides greater than the guideline set for protection of aquatic life, although
annual average concentrations are almost always below drinking water standards and guidelines.

National trends indicate reductions in occurrence and concentrations of organochlorine
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insecticides in fish tissues, although these chemicals remain persistent in fish tissue and sediment

at urban and agricultural areas'®.

5.2.1.1 - Dieldrin

Although dieldrin was not identified as a contaminant of concern for the project, an
evaluation of dieldrin occurrence data indicates that dieldrin occurs throughout the entire
Potomac River Watershed . As shown on figures in Appendix B, high peaks characterize these
dieldrin data. These data do not reveal a significant trend over time and neither support nor
refute reported improvements in the watershed. Data were available and reviewed for dieldrin in
the water column, in the tissue of fish taken from the water bodies, and in riverbed sediment
samples. All subwatersheds with available data indicated the presence of dieldrin in the water
column. Dieldrin was present in some bed sediment samples from each subbasin for which data
are available. Fish tissue sampling suggests more significant contamination of the North Branch
Potomac, Conococheague-Opequon, Middle Potomac-Catoctin, and Monocacy than in other
subsheds, although sediment and water sampling do not necessarily support these trends. The
fish tissue data also demonstrate some very high peaks, which significantly affect the arithmetic
mean concentration, which are in some cases above the USFDA limit for consumption.

Occurrences in the water column are most likely due to historical contamination of the
streambed sediment, as dieldrin was banned in the 1970s. Because the sources of this toxic
contaminant are generally controlled at this time, improvements over some time frame are
reasonably expected, although insufficient data are available to estimate a time frame for these

improvements.

8 USGS 1999
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5.2.2 - Nutrients
National trends for total nitrogen are stable and this is generally the case throughout the

Potomac Basin. USGS has noted a national change in the nitrogen speciation toward higher
concentration of nitrate and lower ammonia concentrations. Phosphorus is the limiting nutrient
for algal growth in nontidal reaches of the Potomac River, and nitrate concentrations are
consistently well below the MCL, so nitrate control is not considered particularly important to
the Rockville WTP.

Phosphorus loadings and concentrations have been reduced and, although total nitrogen
loads and concentrations have remained steady, seasonal blue-green algal blooms seem to have
been reduced significantly. pH fluctuations, due to algal photosynthesis, and low dissolved
oxygen conditions, which can be caused by algal blooms, have been reduced.

Since the 1970s, phosphorus and sediment loading to the entire Potomac River
Watershed have decreased significantly while nitrogen loading has remained roughly constant
1920 Nonpoint sources account for approximately 60%-70% of nutrient load from the entire
Potomac River Watershed with a majority of this from agricultural sources.

In 1989 1991, water quality in the river was dominated by nonpoint source pollutants
with 70% to 97% of the annual nutrient and sediment load due to storm events. The Potomac
River estuary receives significant loads of sediment, nitrogen and phosphorus from nonpoint

sources. These represent a nutrient load significantly higher than that imposed by wastewater

treatment plants in the watershed.”'

Y CB&WMA, 1993
%0 Tawil, May 1997
2l CB&WMA, 1993
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In 1995, 900 of 12,000 miles of streams in the Potomac Basin were thought to be
impaired by nutrients. At the time, the leading source of nutrients was agricultural activities;
with urban sources the second leading cause.*

5.2.3 - pH, PCBs and Metals
Acid water conditions in the headwaters persist due to active and abandoned mining

operations, although there have been notable improvements (pH has increased since the 1970s,
which represents an improvement). Monitoring from the early 1970s through the mid-1980s
indicates increasing lead and chromium and deéreasing trends for mercury . PCBs, metals and
other toxics are detected in some specific areas, although these are generally thought to be the
result of historical contamination and sources of these pollutants have been significantly reduced.

5.2.4 - Fecal Contamination
LaVale, Frostburg, Westernport and Cumberland, Maryland and other jurisdictions in the

watershed are operating their wastewater collection systems under a consent order related to
combined sewer overflows (CSOs). Although the persistence of fecal coliforms downstream of
these contamination events depends on many factors (including temperature, pH, ultraviolet light
conditions, and flow conditions) these CSO events are clear cases of fecal contamination and are
sure to contain untreated human pathogens. A review of wastewater effluent sampling data
makes it clear that Cryptosporidium oocysts and Giardia cysts are commonly present in
combined and sanitary sewer overflows and that these pathogens very likely persist well
downstream of these overflow locations.

5.2.5 - Cryptosporidium
Because of deficiencies in available sampling and testing techniques, little reliable data

on Cryptosporidium oocyst concentration are currently available for the Potomac River or any

other waterbody. The ongoing study by MDE is employing relatively new sampling and testing

2 ICPRB, 1995
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protocols and is expected to yield significant relevant information on the occurrence and
concentrations of Cryptosporidium in the watershed. Preliminary results of this study suggest
Cryptosporidium is present throughout much of the basin, with consistent detection of oocysts
downstream of urban areas, livestock, and wastewater effluent. In more pristine, forested areas,
detections are generally limited to storm events and detected concentrations are significantly
lower.

The vulnerability of the Potomac River to contamination with land applied contaminants
is somewhat reduced by the Karst geology common in the Great Valley where much of the
agricultural activities take place in the basin. These geological conditions cause increased
infiltration (and increased groundwater contamination) in these areas, relative to areas with less

pervious geology.

» ICPRB, 1987
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SECTION 6 - SIGNIFICANT SOURCES OF CONTAMINATION

Watershed sources of contaminants in the Potomac River can be categorized as either
point or nonpoint sources and include agricultural cropping practices, urbanization, lawn and
pavement run off, municipal treatment plants, septic systems, and destruction of shoreline
vegetation. Detailed data on contaminant sources are attached in the maps included on the

attached CD. Mapping themes include:

o Watershed and subwatershed delineation
o Land use

o Hazardous and toxic waste sources

o Potential petroleum sources

o Facilities with NPDES permits

o Potential sewage problem areas

6.1 - Point Sources
Point sources of pollution are shown on the maps in the appendices (on attached CD).

Wastewater treatment plants (and septic systems) contribute solids, nutrients, natural organic
matter, fecal coliforms, Giardia cysts, Cryptosporidium oocysts, taste and odor causing
compounds, bacteria, viruses, parasites, and organic chemical contaminants. WWTP design and
operating parameters are key factors in reducing the impact on and risk to drinking water
supplies. Plant upsets including flood flows (whether caused by combined systems or inflow and
infiltration in sanitary systems) and process failures result in violations and adverse impacts on

receiving water quality. Sewerage failures result in significant untreated discharges within the

basin.
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6.2 - Nonpoint Sources

6.2.1 - Urban
Urban and suburban areas within the watershed (shown on the landuse maps in attached

compact disc) contribute nutrients, sediment, NOM, taste and odor causing compounds, Giardia,
Cryptosporidium, fecal coliform and other bacteria, and heavy metals to the Potomac River.
Lawn and pavement run off also increases instream flow and stream bed erosion. Until the
streambed downstream of urbanized areas reaches a steady state with the new streamflow
pattern, which can take 60 years or longer, this effectively represents a sediment load to the
Rockville WTP. Among other particulate and adsorbed contaminants, this sediment from the
streambed may include NOM, Giardia, Cryptosporidium, and dieldrin. Urban lands have also
been reported to produce more nitrogen and phosphorus run off (per unit area) than agricultural
lands.**

6.2.2 - Forest
Erosion and increases in peak flow from forest road construction and maintenance,

logging, and forestry site preparation affect the water quality in the Potomac River in areas
downstream of silviculture activities (shown on the landuse maps in attached compact disc).
Changes in nutrient uptake and decomposition caused by slash disposal and forest cutting may
affect water quality. Roadways and skid trails are a likely source of sediment and surface
erosion and maés movement of soil and organic debris pose a water quality threat in forested
areas of the watershed. Research indicates that surface erosion is the dominant erosion
mechanism in forested areas and the amount of sediment transported to the surface water is
generally proportional to the amount of bare soil in the watershed.

6.2.3 - Agricultural
Agricultural land uses that contribute to Potomac River contamination (shown on the

landuse maps in attached compact disc) include cropland, livestock feeding facilities, and
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grazing on pastureland. Contaminants from these land uses include sediment, nutrients, NOM,
Cryptosporidium, Giardia, and fecal coliform and other bacteria.

6.2.4 - Mining
Mining activities in the Rockville WTP Watershed are generally well upstream of the

intake. Active mine sites (shown on the landuse maps in attached compact disc) are considered
point sources and are regulated under NPDES permits, though abandoned mines are generally
considered nonpoint sources and have fewer controls. Mining operations in the watershed are
concentrated in the headwaters and are many river miles from the intake. Many of these water
quality impacts are therefore mitigated by natural attenuation before reaching the intake and
affecting the WIP.  Lime dosers maintained by MDE and the Jennings Randolph Dam also
mitigate the impacts of mining operations on the Rockville WTP. Contaminants from mining
operations can include acid drainage, leaching and run off of heavy metals and sediment.

6.2.5 - Other Activities
Destruction of streamside vegetation due to recreation, livestock and construction

activities contributes sediment, nutrients, and NOM and also increases export of other terrestrial

contaminants to the Potomac River and its tributaries.

2 EPA 1999
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SECTION 7 - SUSCEPTIBILITY ANALYSIS

7.1 —Modeling Approach

Using the information collected in previous tasks, the following tasks were performed:

o Computer Modeling Simulations (described below), which included:

Y Fate and Transport Modeling

0 Future Scenario Modeling

¢ Treatment Scenario Modeling and

Y Time of Travel Modeling for Spill Source Evaluations

The susceptibility analysis was performed to evaluate the potential future watershed
conditions and the impact of these watershed conditions on the raw water quality and treatability
at the Rockville WTP. To effect these evaluations, four scenarios were developed and modeled.
These scenarios were:

o Current conditions (defined as the year 1997 due to lack of more current data),
o Future (year 2020) no management conditions (i.e., without increased
management over current and planned future practices), and
o Future management conditions (with implementation of increased
management practices), including
o moderate management conditions [with intermediate (between no
management and aggressive management scenarios) implementation of
increased management practices]
o aggressive management conditions (with aggressive implementation of

increased management practices)
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Current and future land use, livestock, point sources, and population are described above
in the “Watershed Characterization” section, described in detail in Appendix C, and current data
is shown in detail on maps included in the appendices (attached compact disc). Watershed
management programs for each of these scenarios were developed based on data evaluation, and
project team experience with watershed management practices both within and outside of the
watershed. It is important to note that the level of detail in these evaluations may not be
sufficient to make firm watershed management planning decisions and these decisions are highly
dependent on local conditions and the input of other stakeholders. The details of each
management scenario (as summarized below) represent the project team’s recommendations
regarding management practices. The management program for each scenario is described
below.

7.1.1 Inputs to the Model for Current Scenario and Future No Management Scenario
The change in future land use is projected as an increase in urban land. For the “future no

management” scenario, the controls on future development are set based on existing programs in
place within the watershed segment. Overall, it was assumed that lawn care education, erosion
and sediment control, and street sweeping practices remain the same. However, management of
storm water is explicitly treated differently for new development versus existing development.
This difference is reflected in the fraction of development regulated for water quality and the
fraction of new development where flow control is implemented.

The management of storm water for future development was characterized based on the
fraction of a segment in each state. These estimations shown on Table 7 were made. The
management practices are categorized as:

o Agricultural,

o Urban Structural,
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o Urban Nonstructural

TABLE 7. CONTROLS ON NEW DEVELOPMENT BY STATE

State Flow Control (%) Water Quality Control (%)
Maryland 45 90
Pennsylvania 0 70
Virginia 0 70
West Virginia 0 25

7.1.1.1 - Current Agricultural Practices

Agricultural practices were applied with the following assumptions:

o In general, efficiencies are equivalent to those reported by the Chesapeake Bay

Program

o Practices are applied in series, so each successive practice can treat only the
remaining load after previous practices have been applied. For example, a practice

that is 50% efficient is effectively 10% efficient if it follows a practice with an 80%

efficiency.

In addition, two discount factors are applied to agricultural practices. The first is an
implementation factor that accounts for the level of implementation on targeted farms. The

second is a discount factor applied to practices in series, which reduces efficiencies by 50%

when applied as the second, third or fourth in a series.

Approximate efficiencies for these practices are provided in Table 8. Two practices are
reflected not by efficiency but by a shift in land use. These are tree planting and retirement of
highly erodible land. Tree planting is reflected by shifting any current land use where this

practice is to be applied to forest. Highly erodible land is characterized as having four times the
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load of cropland. This load is subtracted from the total load for the land use where this practice

is applied.
TABLE 8. EFFICIENCIES FOR AGRICULTURAL PRACTICES
s Efficiency (%)
Practice TN TP TSS Notes
Cons.e rvation 40 70 75 Source: Palace, et al. (1998)
Tillage
MNartxient 40 40 0 See Text
Management
Water Quality Plan .
(Cropland) 10 40 40 Source: Palace, et al. (1998)
Water Quality Plan | 14 14 Source: Palace, et al. (1998)
(Pasture)
Water Quality Flan 4 8 8 Source: Palace, et al. (1998)
(Hay)
Cover Crop 43 15 15 Source: Palace, et al. (1998)
Buffer 50 70 70 Source: Palace, et al. (1998); forest
buffer
Grazing I.Jand 50 25 25 Source: Palace, et al. (1998)
Protection
Animal Waste
Management 80 80 0 Source: Palace, et al. (1998)
(Swine and Dairy)
Animal Waste
Management 15 15 0 Source: Palace, et al. (1998)
(Poultry)
Stream Fencing 75 75 75 Source: Palace, et al. (1998)
Highly Erodible
Land Retirement heE Lext
Tree Planting See Text

7.1.1.2 - Current Urban Practices

7.1.1.2.1 - Structural Treatment Practices

Very little information is available to determine the extent to which structural practices have

been employed in the watershed over time. However, based on general knowledge of the area,
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and the state of storm water practices throughout the region, it was estimated that 5% of all
development is served by dry ponds, and that another 2.5% is served by wet ponds.

7.1.1.2.1.1 - Structural Practice Efficiencies
Ideal efficiencies (before the application of discount factors) for these practices are derived

from Winer (2000) are shown on Table 9:

TABLE 9. POLLUTANT REMOVAL FOR STRUCTURAL
PRACTICES
™ TP TSS
Dry Ponds 25% 19% 47%
Wet Ponds 33% 51% 80%
Wetlands 30% 49% 76%

7.1.1.2.1.2 - Discount Factors for Structural Treatment Practices

Three discount factors are applied to these ideal efficiencies:

o a capture discount to account for the fraction of annual rainfall captured by the
practices,

o a design discount to reflect the design standards in place at the time that the practices
were built, and

o amaintenance discount to reflect upkeep of the practice over time.

A uniform set of discount factors was used to characterize practices. These include:
o 0.9 for the “capture discount” (assumes 90% capture of annual runoff)
o 1.0 for the “design discount” (assumes typical design standards)
o 0.6 for the “maintenance discount” (assumes that relatively little maintenance

occurs over time)

7.1.1.2.2 - Nonstructural Urban Practices

7.1.1.2.2.1 - Erosion and Sediment Control
Ideal efficiency of erosion and sediment control is reduced by:
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O

a “treatability” discount factor to reflect the fraction of development required to
implement sediment control measures,

a “compliance” discount to reflect the fraction of practices installed, and

an “implementation/maintenance” discount to reflect the fraction of practices that are

installed and maintained properly.

A uniform set of estimates was used to characterize erosion and sediment control

practices, including:

o Practice Efficiency of 70%
o Treatability Factor of 0.8
o Compliance Discount of 0.7

o Installation/Maintenance Discount of 0.6

7.1.1.2.2.2 - Lawn Care Education

It is assumed that some level of lawn care education exists throughout the watershed. The

WTM makes several default assumptions about reductions achieved through lawn care

education. These include:

o

(]

78% of the population fertilizes their lawns

65% of these people over-fertilize

Over-fertilizers apply approximately 150 Ib/acre-year of N and 15 Ib/acre-year of P
Successful lawn care education will cause people to reduce fertilizer application by
50%

25% of N and 5% of P applied to lawns is “lost” to the environment, either as surface
runoff or as infiltration.

Of the people who receive and remember information about lawn care practices, 70%

are willing to change their behavior.
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The remaining input parameter to characterize lawn care education is the fraction of the
population that receives, understands and remembers information about more environmentally
sensitive lawn care practices. It is assumed that 20% of the population matches this description.

7.1.1.2.2.3 - Street Sweeping
Street sweeping reductions are applied to loads from roadways. The only discount factor

applied to the ideal street sweeping efficiency is a “technique discount” which represents the
fraction of the road that is actually swept (e.g., parked cars do not interfere, etc.). It is estimated
that 30% of all non-residential streets are swept on a monthly basis using a mechanical sweeper,
with a technique discount of 0.8.

7.1.1.2.2.4 - Riparian Buffers
The WTM reflects stream buffers as the length of stream channel covered by buffers times

the typical buffer width. This practice is treated separately from agricultural buffers because
buffers in agricultural areas have different efficiencies, and also are not applied to urban sources.
It was assumed that 5% of the urban stream channel was treated by stream buffers. Urban stream
length was estimated as 4 miles of urban stream channel per square mile of urban drainage. A
fifty foot buffer width was assumed.

7.1.2 — Inputs to the Model for Future (year 2020) Moderate and Aggressive Management

Scenario
7.1.2.1 - Point Sources

The Chesapeake Bay Program database of loads and flows® were used to develop
management scenario point source loads using revised average effluent concentrations based on
improved treatment practices. For the “moderate management” scenario, concentrations of 8.0
mg/L. TN and 0.5 mg/L TP were used. These concentrations represent BNR nitrogen removal

and fairly aggressive phosphorus control. In the “aggressive management” scenario, Limit of

* Wiedemen and Cosgrove, 1998
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Technology (LOT) concentrations were used to characterize outflow concentrations (3.0 mg/L

for TN and 0.075 mg/L for TP). Resulting loads for each subshed are reported in Table 10.

TABLE 10. POINT SOURCE LOADS

Segment Flow Load (Improved) Load (Aggressive)
(MGD) (Ib/year) (Ib/year)
TN TP TN TP
160 35.46 630,781* 55,449 332,695 8,317
170 0.42 10,508 657 3,941 99
175 0.07 1,751 109 657 16
180 11.6 290,225 18,139 108,834 2,721
190 32.58 815,132 . 50,946 305,674 7,642
200 5 125,097 7,819 46,911 1,173
210 15.7 392,804 24,550 147,302 3,683
220 8.78 219,670 13,729 82,376 2,059
730 8.38 209,662 13,104 78,623 1,966
740 9.94 248,693 15,543 93,260 2,331
750 3.12 64,579* 4,879 29,273 732
* Same as existing load without controls.

7.1.2.2 - Urban Management Practices

Reasonable urban management practices include a change in the management of new

development (including reducing impervious cover and providing better and more widespread

storm water management), and improved erosion and sediment control. “Better Site Design”

techniques include reducing the impervious cover associated with certain land use classes. The

efficiency estimates for this analysis included for both the “moderate management” and

“aggressive management” scenarios are based on Schueler and Caraco, 2001 and include:

O

25% of new development occurs with better site design

Impervious cover for low density residential uses can be reduced by 30%
Impervious cover for high density residential uses can be reduced by 15%
Impervious cover for industrial/commercial uses can be reduced by 15%

In addition, the improved management scenarios assume a higher level of storm water

management on new development, reflected by higher discount factors and a greater fraction of
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development regulated and employing flow control measures. In the moderate management
scenario, it is assumed that 80% of new development requires water quality control (or at least as
much as in the existing scenario), and that 50% requires channel protection flow control. For the
aggressive management scenario, these values are increased to 90% and 75%, respectively. The
maintenance discount factor is increased to 0.9 (from the current 0.7) for both scenarios.

Improved erosion and sediment control was reflected as an increase in the fraction of
sites controlled, and higher discount factors. For both the moderate and aggressive management
scenarios, it was assumed that 90% of sites are regulated, with compliance and maintenance
discount factors of 0.9.

7.1.2.3 - Agricultural Management Practices

For the “moderate management” scenario, agricultural practices were characterized by a
reduction that is the average of the current management scenario and the “aggressive
management” scenario. Rather than applying a separate suite of practices for this scenario, this
set of reduction values was used.

In the “aggressive management™ scenario, the following assumptions were made:

o 80% of all cropland and hay land will include nutrient management or farm plans

o 75% of all cropland will be in conservation tillage

o Buffers will be increased, based on statewide commitments of buffer restoration
by Chesapeake Bay states.

o 90% of animal waste load can be treated by animal waste management systems.

o The total land treated by a particular practice is not reduced in any segment.

Implementation of the buffer assumption includes distributing the miles of stream
committed to be restored in a state among each model segment, based on the total area. This is

accomplished by multiplying the total miles to be restored within the state by the fraction of the
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state’s Chesapeake Bay Drainage within that segment. This gives the miles of buffer within each
state. It is then estimated that buffers can treat 1,000 feet of agricultural land. These buffers
were then divided among the agricultural land uses in the watershed based on the fraction of each
use in the watershed. For example, if 75% of the agricultural land is in cropland, 75% of the

buffer is applied to cropland. For pasture, the buffer is reflected as stream fencing.

7.2 - Fate, Transport and Treatment Evaluations of Contaminants of Concern
7.2.1 - General Fate and Transport and Treatment Characteristics of Contaminants of

Concern

Pollutants that flow into the Potomac River upstream of the intake may be removed,
produced or significantly altered by processes within the river. In evaluating the susceptibility of
the Rockville WTP intake to contamination from sources in the watershed, it is important to
account for the attenuation, which will take place in the watershed. Specific processes related to
contaminants of concern are discussed below.

To facilitate the assessment of the extent that the idéntiﬁed contaminants may reach the
Rockville WTP intake, these contaminants have been classified into four groups, which are
discussed below and include:

o Group 1 - Cryptosporidium, Giardia, Fecal Coliforms, and Sediment

o Group 2 — Natural Organic Matter, Disinfection By-Product Precursors, and
Algae

o Group 3 - Taste and Odor Causing Compounds and

o Group 4 — Atrazine

7.2.1.1 —Group 1 — Cryptosporidium, Giardia, Fecal Coliforms, and Sediment

Cryptosporidium and Giardia are human pathogens that are resistant to chlorine
disinfection and are one of the most significant challenges for a water treatment plant. Fecal

coliforms are indicators of fecal contamination and the presence of other human pathogens.
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Sediment can shield pathogens from disinfection and increases treatment costs. These
contaminants have been grouped together because they are all generally associated with sediment
and solids in the River and watershed and their presence in the raw water also significantly
impacts treatment plant operations. Because of their association with solids, they are generally
transported to and removed in a treatment plant by similar mechanisms and with somewhat
comparable efficiencies, and they can therefore be modeled to some extent through the use of
sediment as a surrogate.

7.2.1.2 - Group 2 — Natural Organic Matter, Disinfection By-Product Precursors, and Algae

Natural organic matter, which can be represented by total organic carbon, includes
disinfection by-product precursors and increases coagulant demand. Algae may increase
disinfection by-product precursor levels, increase coagulant demand, and interfere with filter
operations. The growth and activity of algae in the Potomac Watershed is largely dependent
upon the availability of the nutrient phosphorus. These contaminants are grouped together
because they are similar in terms of their impact on chemical and physical treatment processes in
the plant as well as on the formation of disinfection byproducts following chlorination.

7.2.1.3 - Group 3 - Taste and Odor Causing Compounds.

Taste and odor causing compounds are numerous and can affect consumer confidence in
their drinking water. Algae can produce noxious tastes and odor compounds, and while listed in
Group 2, algae levels may affect taste and odors.

7.2.1.4 - Group 4 — Atrazine.

Atrazine is used seasonally in agricultural areas within the watershed and has been
identified in samples at the Rockville WTP. Atrazine has been detected in 4 of 22 samples with
a maximum detection at 1.76 pg/l, which is 59% of the MCL. Atrazine is therefore considered a

contaminant of concern at the Rockville WTP.
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7.2.2 — Detailed Fate, Transport and Treatment Characteristics of Specific Contaminants
7.2.2.1 - Natural Organic Matter, THMs and HAAs

Natural organic matter (NOM) exerts coagulant and chlorine demands and results in
inéreased treatment residuals, which must be treated and disposed of. Researchers have reported
alum demand exerted by NOM ranging from 5.3 to 9 mg alum/mg TOC?*?’. Thus, source water
NOM concentration has a significant affect on the operations and cost of drinking water
treatment. However, the most important problem associated with NOM is that it includes
precursors to disinfection by-product formation. NOM is a mixture of organic chemical
compounds present in natural waters including the Potomac River. Because NOM is a complex
mixture of many chemicals, direct measurement is impractical and surrogate measurements are
typically made to evaluate NOM levels. Total organic carbon (TOC) is a common surrogate for
NOM.

NOM may be derived from excretions from and deterioration of algae, phytoplankton and
macrophytes (weeds and aquatic vegetation) within the Potomac and its tributaries or it may be
derived from terrestrial activities and transported to the river through storm run off or
groundwater infiltration. NOM is classified (according to its adsorbability on special resins) as
humic or non-humic. Humic substances include humic and fulvic acids while the non-humic
fraction of NOM includes carbohydrates, hydrophilic acids, proteins and amino acids. NOM
produced by terrestrial activities are generally more aromatic than NOM produced by algae,
phytoplankton and macrophytes within the waterbodyzg. These aromatic organic chemicals are
somewhat more likely to be chlorine disinfection by-product precursors (organic chemicals

which, when they react with chlorine form THMs and HAAs) than in non-aromatic organic

% Owen et al. 1993
27 AWWARF 2000
2 Bouwer et al., 1995
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matter. NOM from terrestrial activities may therefore be somewhat more likely to produce
DBPs than NOM produced within the waterbody.

Terrestrial sources of NOM are primarily the result of natural decomposition of biomass,
which can affect important water quality parameters and results in fulvic acids, humic acids and
other DBP-causing compounds. However, as a protective cover, vegetation can significantly
affect raindrop impact, soil infiltration characteristics, surface run off filtering, and biological
uptake of nutrients and other contaminants.”

NOM production within the Potomac River is caused by algal and macrophytic activities
and can be controlled by reducing phosphorus loading to the river and its tributaries. Practices
which control phosphorus do so by reducing land applications, modifying hydrologic flow paths,
or modifying the adsorptive capacity of the land, either by soil conditioning or, more typically,
by maintaining plantings which take up nutrients.

A large part of the Potomac Watershed is forested and most likely produces NOM loads
as fallen leaves and dead plants degrade. There is also a great deal of agricultural cropland in the
watershed, which also produces NOM. 1t is therefore likely that the terrestrial sources contribute
a significant amount of NOM to the Potomac. The Potomac River has a history of significant
seasonal algal blooms in stagnant areas. Due to significant historical nutrient loading; algae,
phytoplankton and macrophytes most likely contribute significant seasonal NOM loads at the
intake.

Historical raw water quality data from samples taken near the Rockville WTP indicate

relatively high levels for a run of the river intake and suggest relatively high NOM and DBP

2 AWWARF- 1991
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precursors. NOM control measures therefore have the potential to lower treatment costs and
sludge production.

7.2.2.2 - Giardia and Cryptosporidium

Giardia and Cryptosporidium are persistent in the environment in their cyst and oocyst
stages. In these stages, they are thought to behave in the environment like other particles of
similar size and density. Giardia cysts are approximately 8-10 um in diameter and have a
density somewhat less than average sediment particles. Cryptosporidium oocysts are smaller (4
— 6 um) and also less dense that average sediment particles. As they are denser than water, cysts
and oocysts may settle to the bed of the waterway. Depending on physical and chemical
conditions and previous contacts with other particles, cysts and oocysts may be associated with
other particles, in which case the settling velocity, and likelihood of sedimentation, is likely
higher than individual cysts and oocysts. Oocysts from any part of the watershed may arrive at
the Rockville WTP intake if flow conditions maintain them in suspension or if they are
resuspended and carried to the intake while they remain viable. They may also settle to the
streambed and become buried by streambed processes or become nonviable before resuspension.

Giardia cysts can be reliably removed and inactivated in conventional water treatment
like that practices at the Rockville WTP. Cryprosporidium oocysts are extremely resistant to
chlorination and difficult to inactivate, but can be removed by coagulation, sedimentation and
filtration in water treatment facilities. Ultraviolet (UV) radiation has been shown to render
oocysts nonviable and is a promising treatment technique. EPA has estimated that conventional
drinking water treatment, like that practiced at the Rockville WTP, can remove 99% of oocysts.
However, significant numbers of oocysts may pass through with inadequate dosages of
coagulant, during ripening at the beginning of a filter run and particle breakthrough at the end of

a filter run, and during hydraulic surges which occur during normal operations.

Page 56




7.2.2.3 - Algae

Under appropriate environmental conditions, algae are formed in natural waters. In the
Potomac River, seasonal algal blooms have historically formed when sufficient phosphorus is
available in quiescent areas of the river. Since phosphorus is the so-called “limiting nutrient” in
the river upstream of the City of Rockville’s intake, control of algae is generally dependent on
control of phosphorus. Algae cells are low-density particles and once they form in the river, they
are efficiently transported. They are sensitive to low light and low nutrient conditions and are
generally not expected in significant concentrations far from blooms in quiescent zones.
Photosynthetic activities and cell mortality can have a significant affect on pH, oxygen
concentration, NOM concentrations and nutrient levels in downstream reaches of the river. The
Bay Program Model simulates chlorophyll a (CssH,,MgN4Os), which is a constituent of algal
cells and a suitable modeling surrogate for algal growth. The Bay Program Model also simulates
TOC concentrations, which are a suitable surrogate for NOM. However, the TOC simulation in
the Bay Program model has not been calibrated.

Algae cells are somewhat more difficult to remove than other particles and may cause
increased particle counts in filtered water, but disinfection processes effectively oxidize any
algae that pass through the filters.

7.2.2.4 - Sediment

Sedimentary particles which runoff into the Potomac River and its tributaries may settle
to the stream bed depending on flow conditions, particle size and particle density. Sediment
particles may also agglomerate depending on a wide variety of particle characteristics and water
quality and flow conditions. Most particles which runoff into the streams of the Potomac
Watershed will settle to the streambed, to be reentrained by subsequent storm flow. The fate and

transport of sediment and other particles is therefore dependent on processes within the
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streambed. Relevant processes include physical processes (sedimentation, scour, etc.), chemical
processes (organic and inorganic reactions within the pore water and at the streambed surface),
and biological (bacterial, macrophytic, and bioturbation from benthic macrofauna). Streambeds
therefore functions as sediment sources, sinks and storage sites. >° The Bay Program Model
models TSS explicitly.

Sedimentary particles are removed efficiently in conventional treatment like that
practiced at the Rockville Plant.

7.2.2.5 - Tastes and Odors

A wide range of compounds including by-products of algal activities can cause tastes and
odors in drinking water. These compounds may be dissolved and are therefore transported with
water flow. Geosmin and methylisoborneol (MIB) are two by-products of algal activities that
enter water plants as dissolved constituents and cause earthy-musty tastes and odors.

7.3 — Model Results for Watershed Segments

Three primary modeling tools were combined to estimate the susceptibility of the
Rockville WTP to contamination from watershed activities. These are watershed modeling,
contaminant fate and transport modeling, and time of travel modeling (for potential spill
evaluations). The watershed models were used to examine contaminant loads to the river under
current and projected land use patterns as well as under various BMP implementation scenarios.

Contaminant loads from the watershed models were used to adjust edge-of-stream
contaminant inputs in the in-river contaminant fate and transport model. Contaminant fate and
transport models were then used to assess the potential for contaminant attenuation from the

points of entry to the intake location.

3% DiToro, D.M., 2001
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Previous modeling studies have generally been concerned with the ecological health of
the Potomac River and have evaluated water quality throughout the river (rather than at a single
point) and have focused on different contaminants. The susceptibility analysis modeling for this
project focused on the Rockville WTP intake water quality.

Two computer modeling packages were used including the Center for Watershed
Protection’s Watershed Treatment Model (WTM), and the Chesapeake Bay Watershed Model.
Because of constraints imposed by the project approach, which coordinated this SWA with 6
others on the Potomac River, only the portion of the watershed above the confluence with Watts
Branch was modeled.

7.3.1 — Watershed Simulation
Current annual loads for the major subbasins were estimated using the WTM. These

WTM loads were used only as a basis to compare current conditions with future scenarios and
management scenarios. The WTM is a simple method model designed to evaluate changes in
annual load, which result from simulated changes in land use and management practices.
Running the WTM under current conditions established the baseline for determining changes in
the edge-of-stream loadings due to proposed future changes in land use and watershed
management. A model of the watershed, from the headwaters to the confluence of the river with
Watts Branch, was developed based on EPA’s Chesapeake Bay Watershed Model (CBWM).
This model was designated as the Potomac Watershed Model (PWS Model) and run for current
- conditions to establish the hourly loadings of each modeled parameter at the edge of the stream
from each of the major subbasins designated by EPA’s Chesapeake Bay Program Office (CBPO)
in the CBWM.

Scenarios that represent future land use and management scenarios were developed based

on predicted future conditions and modeled using the WITM. Modeling of these scenarios
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yielded estimated annual loads of each modeled parameter, from each major subbasin.
Comparison of these results and the baseline loadings from the current conditions run gave
estimates of the change in the edge-of-stream loadings under the modeled scenario. This change
in loading was then applied to the PWS Model by modifying the hourly edge-of-stream loading
from each major subbasin based on the annual load changes predicted by the WTM. The PWS
Model was then employed to model the fate and transport of contaminants from the point of run-
off to the confluence with Watts Branch.

Only a modest change could be achieved in each segment by management practices and this
change was achieved primarily through point source controls, and agricultural management
practices.

WTM results showed moderate to good changes in the watershed under the future scenario.
Expected changes are smaller for sediment. Management practices were able to reduce sediment
loads slightly and phosphorus loads somewhat more. Table 11 summarizes these results as
percentages of existing loads. Overall, point source nutrient loads could be changed significantly
under the very aggressive treatment scenario, but urban loads typically increased, even with
treatment. However, this increase in urban load did not typically increase the overall load from a
segment significantly, because of the small amount of urban land. As urban areas increase in the
watershed, especially beyond the planning period of this study, control of these impacts will

become more important.

TABLE 11 — UPPER WATERSHED LoADS FRomMm WTM
Total
Segment T otal Total Suspended
9 Nitrogen |Phosphorus 32” ds
% of Current Load
160 Future-scenario 1 102% 104% 103%
Future-scenario 2 101% 86% 100%
Future-scenario 3 92% 73% 99%
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TABLE 11 — UPPER WATERSHED LOADS FROM WTM

Total
Segment Ni-l_r%taclen Pho-goﬁl)rus Suspended

g P Solids

170 Future-scenario 1 102% 103% 102%
Future-scenario 2 99% 96% 99%
Future-scenario 3 96% 91% 98%

175 Future-scenario 1 102% 103% 104%
Future-scenario 2 98% 94% 100%
Future-scenario 3 95% 87% 98%

180 Future-scenario 1 104% 104% 105%
Future-scenario 2 101% 85% 94%
Future-scenario 3 82% 66% 85%

190 Future-scenario 1 104% 105% 109%
Future-scenario 2 96% 78% 100%
Future-scenario 3 85% 2% 96%

200 Future-scenario 1 106% 108% 114%
Future-scenario 2 94% 82% 102%
Future-scenario 3 87% 75% 96%

210 Future-scenario 1 107% 106% 109%
Future-scenario 2 105% 88% 97%
Future-scenario 3 92% 72% 85%

220 Future-scenario 1 105% 106% 106%
Future-scenario 2 102% 96% 98%
Future-scenario 3 96% 88% 93%

225 Future-scenario 1 105% 104% 101%
Future-scenario 2 103% 97% 96%
Future-scenario 3 100% 91% 90%

730 Future-scenario 1 102% 102% 103%
Future-scenario 2 78% 65% 94%
Future-scenario 3 61% 50% 86%

740 Future-scenario 1 110% 110% 112%
Future-scenario 2 97% 87% 102%
Future-scenario 3 88% 75% 95%

750 Future-scenario 1 103% 102% 104%
Future-scenario 2 100% 90% 91%
Future-scenario 3 82% 66% 79%
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The WTM modeling indicates that management practices are expected to reduce
edge-of-stream contaminant loadings to the Potomac River and its tributaries. However,
fate and transport modeling suggests that the impact these changes have on the WTP raw
water are significantly delayed due to natural processes within the river. The Potomac
River bed serves as a signficant source of solids, nutrients, Cryptosporidium, Giardia,
and contaminants which sorb to sediment including NOM.

When left undisturbed, the streambed reaches a steady state with flow conditions
such that contaminant inputs and exports are roughly equivalent. When this steady state is
altered by changes in flow pattern (due to changes in impervious cover, storm water
practices, or climatological trends) or by changes in contaminant loading (due to
agricultural activities, urbanization, or implementation of management practices) the
streambed will undergo geomorphological processes which eventually bring it back into a
new steady state condition. The timescale for this return to steady state depends on many
local factors but is grossly estimated at more than 60 years assuming the disturbances
cease. Most disturbances in the watershed have been in place for some time, and
relatively small changes are expected over the planning period of this project. Therefore,
reductions in loading should not be expected to immediately affect the downstream water
quality. Reduction in the loading of sediment and nutrients would therefore be expected
to have little affect on the downstream water quality in the short term. Contaminants
which have run off into the Potomac in the past and are stored in the sediment of the
upper watershed will continue to be transported to the WTP intake whether management

practices are applied or not. The modeling results reflect this process. The reduction in
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edge-of-stream nutrient loading does not cause a similar reduction in algal activity (as
indicated by simulated chloraphyll a and TOC concentrations).

Regardless of these modeling results, simple mass balance considerations indicate
that application of these will eventually have beneficial impacts roughly equivalent to the
impacts on edge-of-stream loading (for example, a 10% reduction in phosphorus loading
should eventually reduce algal activity by approximately 10%), but for contaminants
associated with sediment (including nutrients, and turbidity) this impact may lag years
behind the implementation of the practices.

Regardless of loading, the streambeds of the watershed will serve as sources of
nutrients for some time and algal activity will likely persist. Contaminants associated
with the nutirent cycle and algal activities will likely also persist. These contaminants
include NOM, DBP precursors, algal cells, and taste and odor causing compounds.

Cryptosporidium oocycts are thought to persist in the environment for a period of
approximately 18 months, but not for periods on the timescale studied’’. Giardia cysts
are similarly persistent but not on the timescale of the planning period of this project.
Reductions in oocyst and cyst loadings from the upper parts of the watershed would
therefore be expected to reduce raw water oocyst concentrations rather quickly. Fecal
bacteria, viruses, and other pathogenic organisms are even less persistent in the
environment and management practices which yield reductions in edge-of-stream loading
will have essentially immediate reductions in loadings at the Rockville WTP.

7.3.1.1 — Simulation Modeling Results

As described above, the modeling activities of this project involved adjusting the

edge-of-stream loading of suspended solids and nutrients in the PWS Model (the CBPO
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model of the Potomac Watershed).

according to the WTM modeling task also described above.

These edge-of-stream loadings were adjusted

The in-river fate and

transport was then modeled with the PWS. Because nutrients and solids are stored in the

Potomac streambed, little change in the in-river concentrations was noted for solids, or

chloraphyll a, under “no management”, “moderate management” and “aggrressive

management” scenarios (See Tables 12 though 15). A small reduction in the elevated

levels (10% exceedance) of TOC was noted. This suggests that algal blooms would be

reduced in the upper part of the watershed and instream production of TOC, NOM and

DBP precursors would also be reduced.

Table 12— Potomac River Above Watts - TSS

TABLE 13 — POTOMAC RIVER ABOVE WATTS — CHLOR.

Suspended Solids Chlor. A
% Change from Current Scenario % Change from Current Scenario
2020 2020 2020 2020 2020 2020
No Man | Mod Man | Agg Man No Man | Mod Man | Agg Man
Average 101.6% 99.8% 98.7%| |Average 100.1%| 100.1% 100.1%
Median 100.7% 100.1% 99.9%| |Median 100.2%| 100.2% 100.2%
10% Exceedance 100.5% 98.1% 96.1%| |10% Exceedance 99.8% 99.8% 99.8%

Table 14 — Potomac River Above Watts - TOC

Table 15 — Potomac River Above Watts - Ammonia

TOC Ammonia
% Change from Current Scenario % Change from Current Scenario
2020 2020 2020 2020 2020 2020
No Man | Mod Man | Agg Man No Man | Mod Man| Agg Man
Average 100.6% 99.0% 98.3%| |Average 101.4% 99.9% 99.8%
Median 100.2% 99.7% 99.4%| |Median 101.3% 99.9% 99.8%
10% Exceedance 100.3% 98.6% 97.7%| |10% Exceedance 100.6% 97.7% 97.7%

3! Rose, J.B., 1997

Page 64




7.4 — Model Results by Contaminant Groups
The modeling approach described previously in Section 2 and described in detail

later in this section was utilized to analyze the susceptibility of the Rockville WTP water
supply to contamination from the identified contaminants of concern. The results of the
modeling are discussed below and organized by contaminant group. It is important to
remember that the quantitative predictions from the modeling are subject to the
limitations presented by the assumptions and the surrogates utilized as well as the
relatively gross scale and level of detail in the models. Results are presented primarily to
provide relative comparisons of overall management options.

7.4.1 - Susceptibility to Group 1 Contaminants of Concern (sediment/turbidity,
Cryptosporidium, Giardia, and fecal coliform)

Group 1 contaminants are at their highest concentrations at the plant following
rainfall and increased river flow. While it is typical that high sediment levels in water
correlate with elevated Cryptosporidium, Giardia and fecal coliform, management of
these sources can be separate and distinct from sediment control. In addition while
sediment stored in the tributaries and river system will continue to impact the water plant
into the future, the elimination or reduction of sources of fecal contamination will
produce benefits soon after their reduction due to the relatively short survival time of
many pathogens in the environment.

Unlike sediment particles, Cryptosporidium and Giardia enter the environment
through fecal contamination. Appropriate oocyst and cyst management practices include
those that prevent fecal contamination (e.g. animal waste management, stream fencing,
wastewater treatment filtration, CSO/SSO control). Where contamination is not
prevented, oocysts and cysts survive for up to 18 months in the environment. They are

transported through the environment in much the same way that sediment particles are
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transported. Appropriate management practices therefore also include those that control
particle runoff to and particle transport within streams (e.g. buffer strips, structural
treatment practices, erosion and sediment control).

The effectiveness of appropriate management practices in preventing fecal
contamination is highly dependent on local conditions but is well demonstrated.
Unfortunately, insufficient data is available to allow appropriate modeling of these
practices (especially regarding Cryptosporidium and Giardia). Recommendations for
prevention of fecal contamination therefore remain qualitative. Because oocysts and
cysts persist in the environment, sediment particles are considered an appropriate
surrogate for their transport in the environment. Sediment control management practices
applied in areas which are susceptible to fecal contamination (i.e. pastures, urban areas,
dairy farms) are therefore expected to control oocysts and cysts in roughly the same way
they control sediment.

The only contaminant in Group 1 which was explicitly modeled under the
modeling approach was sediment/turbidity.

7.4.2 - Susceptibility to Group 2 Contaminants of Concern (natural organic matter,
disinfection byproduct precursors, and algae and its nutrients)

Group 2 contaminants generally present their greatest challenges to the treatment
plant during low flow, warmer months. The contaminants in Group 2 w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>