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Abstract

Water pollution in coastal ds due to the i ion of toxic sut from

industrial discharges, land, and storm drains has been a growing concern for both the
public and governments. Over the years, great efforts have been paid by engineers and
researchers to study the transport and fate of pollutants within a watershed in order to

evaluate the impacts of water pollution on human and aquatic life. However, fewer

studies have been to investigate the applications of water quality models to
coastal watersheds, particularly to model the transport and fate of metals. This rescarch
proposed an integrated water quality monitoring and modeling approach for coastal
waters. The approach s applied to the Nut Brook and Kelligrews River, a local watershed
in Newfoundland. Intermittent field monitoring and sampling have been conducted in a

number of sites within the watershed since 2006 for pollution source identification and

data collection. In order to the limitati existing in the intermittent field

sampling and monitoring, a hydrodynamic model (DYNHYDS) and a water quality
model (WASP) were utilized for hydrodynamic and water quality simulation of metals in
the watershed. The selected models are found to be quite effective in simulating the
trends of concerned pollutants levels over the entire study time period. Based on the
results from field investigation and water quality monitoring and modeling, a number of
recommendations were made to the local authorities for facilitating water pollution

control and quality management practices.
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CHAPTER 1 INTRODUCTION



1.1 Introduction

Coastal watersheds, which are critical to the survival of birds, mammals, fish, and other

wildlife, are to the i ion of toxic such as metals from
industrial discharges, land runoff, and storm drains. These substances concentrate and
cumulate in the water, sediment, and local aquatic life. Pollution of coastal watersheds
causes the loss of habitat and wildlife, as well as a reduction in fisheries. Aquatic plants
and animals, as well as humans, can also be harmed through the consumption of
contaminated fish and water. Therefore, there has been growing public concern and an
increased awareness of coastal watershed pollution problems, particularly in regards to
water pollution. Over the years, there have been numerous water quality studies using
monitoring and modeling as a tool to examine the pollutant transport and fate and to
evaluate human impacts upon a natural river or lake system. However, most of these
studies (Caruso, 2004; Libelli and Giusti, 2008) focus on the pollution of inland river
basin systems and only a small proportion of studies (EFDC, 2003; Lung and Nice, 2007)
investigated the applications of water quality models to coastal watersheds. An integrated
approach to identify and address water quality pollution problems within coastal
watersheds becomes significantly important to support the local authorities in pollution
control and watershed management, Compared to inland rivers, the water quality
modeling of coastal waters is more challenging due to the introduction of marine debris
from storm sewers and tides. Among these coastal watershed studies, most are focused on
the modeling of eutrophication, nitrogen compounds, and coliforms (Renick, 2001;

Hammond, 2004; Lung and Nice, 2007). Few studies have been conducted to investigate



the metal transport and fate in coastal watersheds. However, in recent years, more and
more coastal watersheds are polluted by industrial sewage from terrestrial activities due
to industrialization worldwide. Those industrial sewage often contain high levels of
industrial chemicals and heavy metals (e.g., Cadmium and Lead). Therefore, there has
been a growing importance and need to study the metal pollution problems in coastal
watersheds. Subsequently, this study proposed an integrated water quality monitoring and
modeling approach for coastal waters. The proposed approach is tested by its application
to a local watershed in Newfoundland, the Nut Brook and Kelligrews River watershed.
The integrated approach provides valuable information for coastal watershed

management and could be useful for other coastal watershed studies in the future.

In Newfoundland, conservation of coastal watersheds is extremely important because
these watersheds not only support valuable biological resources but are also meaningful
to the development of local recreation and tourism. The Nut Brook and Kelligrews River
watershed is one of the coastal watersheds in Newfoundland, located at the west of St.
John’s and across the town of Conception Bay South. The drainage area of the watershed
is approximate 14.83 km®. The Nut Brook is approximately 5 km long and located in the
west end of St. John’s, and flows northwest joining the 6 km long Kelligrews River. The
Kelligrews River flows across a residential area in the town of Conception Bay South and

then discharges into the sea.

Nut Brook has been i by ining toxic sub: from the

various industrial and commercial activities midway along its path in an industrial zone.



Particularly, the expansion of industrial activities and quarry areas on Incinerator Road
contributed to the increase of surface runoff to the waterbody, and thus resulted in a
gradual deterioration of water quality in the watershed. Public concerns arise from the
fact that Nut Brook is the main head-water tributary of the Kelligrews River. The
degradation of water quality in the Nut Brook and Kelligrews River could pose a
potential threat to the flora and fauna in that area. The Kelligrews River is meaningful for
local recreation and tourism development, and it supports valuable biological resources.
Downstream of the Kelligrews River serves an important habitat for a wide variety of

plant life and animals such as fish, seaweeds, mussels, and other sea life.

One major purpose of this study is to investigate the pollution problems within this

particularly watershed, as well as to provide valuable recommendations to local

Toi i the change of

authorities for pollution control and

water quality in the intermittent field monitoring and samplings have been

conducted since 2006 in a number of sites along the Nut Brook and the Kelligrews River.
The collected water, sediment, and soil samples were analyzed for various physical-

chemical parameters in order to determine the types and extent of water contamination.

However, the data obtained from grab samples and monitoring is limited and can not
fully characterize the water quality, particularly considering that the data is limited in
types of contaminants measured and does not capture seasonal impacts on water quality.
The number and breadth of sampling and monitoring required to fully characterize the

“health” of the water body in the study area is costly both in terms of dollars and time. To



compensate these limitations existing in the sampling program and to develop a
predicting tool, water quality modeling tools must be applied to the study area with the
purpose of providing a better interpretation and prediction of water quality responses to

natural and pollution in the . Therefore, a number of existing

hydrodynamic and water quality models (e.g., EFDC, CE-QUAL-W2, and QUAL2K)
were reviewed in order to select the best-fit models for the study. The EFDC refers to the
Environmental Fluid Dynamics Code and it is a state-of-the-art hydrodynamic model
The QUAL2K refers to a river and stream water quality model. The CE-QUAL-W2 is a
water quality and hydrodynamic model in two dimensions for rivers, estuaries, lakes,
reservoirs and river basin systems. Those models are introduced in detail in the model

review section.

After carefully reviewing applicable water quality models, an one-dimensional
hydrodynamic model (DYNHYDS) and a water quality model (WASP) - both developed
by USEPA and have been extensively applied to various water quality studies- were
utilized for hydrodynamic and water quality simulation of contaminants, particularly
metals, in the study area. The major reason for the selection of the DYNHYDS and
WASP models is that the models are capable of modeling the toxicant transport and have
been extensively applied to different environmental studies, including simulation of
pollutants in coastal waters (DRBC, 2003; Hammond, 2004). Other reasons include the
availability of existing data, the manpower and time constraints of this study, as well as
the accessibility of model software and technical supports from model developers. The

modeling results can be further used to guide local water quality monitoring and

[




sampling efforts in the future. After performing the field investigation and water quality
modeling, a number of recommendations were made to the local authorities for

facilitating water pollution control and quality management practices.

1.2 Study Objectives

In summary, the major objectives of this study include:

o Todevelop a sampling and monitoring program for data collection

« To propose an integrated water quality modeling approach for coastal watersheds
« Totest the proposed approach in the Nut Brook and Kelligrews River watershed.
e To solve the practical problem of pollution control and mitigation in the

watershed.

e To provide ions to the local ities to

To fulfill these objectives, the major tasks for this study can be summarized as follows:

-

o To collect and analyze background information and baseline data.

o To monitor regular water quality parameters.

o To characterize the extent of pollution and identify the possible sources of
pollution in the study watershed (i.e. Nut Brook and Kelligrews River watershed).

o To review and examine candidate hydrodynamic and water quality models to

determine the models that best fit the current study.




i . . N R

To calibrate the selected hydrodynamic model against the observed water levels

to achieve the goal of hyd: ic model ization and

To link the hydrodynamic model to the selected water quality model, estimate
concentrations of metals of concern, and compare the results with observed data
in order to ensure the satisfactory performance of the model in simulating metal

transport and fate.

To discuss modeling limitations and possible imp: in the future.

To propose recommendations for pollution control and water quality management

in the study watershed.

1.3 Organization

Chapter 2 presents a detailed literature review on the historical development of water

and water quality

quality models as well as a di ion on the selected |
models. Chapter 3 describes the conducted field work for collection of sampling,
monitoring, and modeling data. Chapter 4 introduces the DYNHYDS and WASP model
theories, as well as the input data required for a successful running of theses models.
Chapter 5 and 6 include the application of DYNHYDS and WASP models to the study
area, respectively. Chapter 7 presents the conclusions of this study and recommendations

to the local authorities.
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