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Abstract

Water pollution in coastal watersheds due to the introduction of toxic substances 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 undertaken to investigate the applieations of water quality models to

coastal watersheds, particularly to model the transport and fate of metals. This research

proposed an integrated water quality monitoring and modeling approac h for coastal

waters. The approach is appl ied 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 compensate the limitations existing in the intermittent field

sampling and monitoring, a hydrodynamic model (DY HYD5) 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

Coas ta l watersheds, which are critical to the surviva l of birds, mamm als, fish, and other

wi ldlife, are vulnerable to the introdu ction of tox ic substances such as metals from

industria l discharges, land runof f, and storm dra ins. These substances concentrate and

cumulate in the water , sedime nt, and local aquatic life. Polluti on of coastal watersheds

causes the loss of habit at and wildlife , as well as a redu ction in fisheri es. Aquatic plant s

and animals, as well as human s, can also be harmed throu gh the co nsumption of

contaminated fish and water. Therefore, there has been growin g public conc ern and an

increased awareness of coastal wate rshed pollution problems, parti cularl y in regard s to

wate r pollution. Over the years, there have been num erous water qual ity studies using

monit orin g and modelin g as a tool to examine the pollut ant tran sport and fate and to

eva luate hum an impacts upon a natu ral river or lake sys tem. However , most of these

studies (Ca ruso, 2004 ; Libell i and Giusti, 200 8) focus on the pollution of inland river

basin sys tems and only a sma ll proportion of studies (EFDC, 2003 ; Lung and ice, 2007)

inves tigated the applications of water quality models to coastal wa tersheds . An integra ted

ap proac h to identi fy and address water quality pollution problem s wi thin coas tal

watersheds becomes significa ntly important to suppor t the local authorities in pollut ion

contro l and watershed management. Co mpare d to inland rivers, the water quality

modeling of coastal water s is more challenging due to the introdu ction of marine debris

from storm sewers and tides. Amon g these coastal water shed studies, most are focu sed on

the modelin g of eutrophication, nitro gen comp ound s, and co liforms (Renick, 200 1;

Hamm ond , 2004; Lun g and Nice, 2007) . Few studies have been co nducted to investigate



the metal transport and fate in coastal wa tersheds . However , in recent years, more and

more coasta l wa tersheds are pollut ed by indu strial sewage from ter restr ial ac tivities due

to indu strialization worldwide. Those indu strial sewage often contain high levels of

indu strial chemicals and heavy metals (e.g ., Cadmium and Lead). Therefore, there has

been a grow ing imp ortance and need to study the metal polluti on probl ems in coas tal

wa tersheds . Subse quently, this study proposed an integra ted water quality monitori ng and

modelin g ap proac h for coas tal wa ters . The propose d ap proac h is tested by its applicat ion

to a local watershed in Ne wfoundland, the Nut Brook and Kelligrews River watershed.

The integrat ed appr oach provide s valuable inform ation for coasta l wate rshed

managem ent and could be useful for other coasta l wate rshed studies in the future.

In ewfou ndland, conse rva tion of coasta l wate rsheds is ex tremely important because

these watersheds not only suppor t va luab le bio log ica l reso urces but are also meaningful

to the developm ent of local rec reat ion and touri sm. The Nut Brook and Kelligrews River

watershed is one or the coa stal water sheds in Newfoundl and , located at the west of St.

John ' s and across the town of Conception Bay South . The dra inage area of the watershed

is approx imate 14.83 knr' . The Nut Brook is approx imately 5 km long and located in the

wes t end of St. John ' s, and flows northwest joi ning the 6 km long Kell igrews Rive r. The

Kelligrews River flows across a res idential area in the town of Co nception Bay South and

then dischar ges into the sea .

Nut Brook has been co ntaminated by was tewate r conta ining toxic substances from the

vario us indus trial and commercia l activities midway a long its path in an industr ial zone .



Particul arl y, the ex pans ion of indu str ial ac tiv ities and quarr y areas on Incin erator Road

co ntr ibuted to the increase of surface runoff to the waterbody, and thus resu lted in a

gradual deteri orati on of water qua lity in the waters hed . Publ ic concerns arise from the

fact that Nu t Brook is the main head-water tribut ary of the Ke lligrews River. The

degradat ion of water qua lity in the ut Brook and Kelligrews River could pose a

potentia l threat to the flora and faun a in that area . The Kelli grews River is meanin gful for

local recreation and touri sm developm ent , and it suppor ts va lua ble biologic al resou rces.

Down stream o f the Kelli grew s River se rves an imp ortant habit at for a wid e variety of

plant life and anim als such as fish, seaweeds, mussels, and othe r sealife .

One maj or purp ose o f thi s study is to investigate the polluti on probl em s wi thin this

par ticul arl y wa tershed, as well as to provide va luable reco mme nda tions to local

au tho rities for polluti on co ntro l and wa ters hed managem ent. To invest igate the cha nge of

wate r qua lity in the wate rshed, intermi ttent fie ld monit ori ng and sa mp lings have bee n

co nducted since 2006 in a numb er of sites along the Nut Brook and the Kell igrews River.

The co llec ted wate r, sedi me nt, and so il samples were ana lyzed for var ious physica l­

chemica l parameters in order to determin e the typ es and ex tent of wa ter conta mina tion .

However , the data obta ined from gra b samples and monit orin g is limit ed and can not

fully charac terize the water qualit y, parti cul arly cons idering that the data is limit ed in

types o f cont aminants measured and does not capture seaso na l imp act s on water qualit y.

The numb er and breadth o f sampling and monit orin g requir ed to fully ch ara cteri ze the

"hea lth" of the water body in the study area is cos tly both in term s of doll ars and time . To



co mpensate these limitations exis ting in the sampling prog ram and to deve lop a

predic ting tool , water qu ality model ing tools mu st be applied to the study area with thc

purpo se o f prov iding a bette r interpr etation and pred iction of wat er qual ity responses to

natu ral and anthropoge nic polluti on in thc wa tershed, Therefore , a numb er o f ex isting

hydrodynamic and water quality models (c .g., EFDC, CE -QU A L-W2 , and QUAL 2K)

were reviewed in orde r to se lec t the best -fi t models for the study . The EF DC refers to thc

Envi ronmenta l Fluid Dynam ics Code and it is a state-o f-the-art hyd rodynam ic model.

The QUAL 2K refers to a river and strea m wate r quality mod el. The CE -QUAL-W2 is a

water qualit y and hyd rod yn ami c model in two dimensions for rivers, es tuaries, lakes,

reservoi rs and river basin sys tems. Those models arc int rodu ced in det ai l in the modcl

revicw seeti on .

Afte r ca refully reviewin g applica ble wa ter qu alit y mod els, an one -dime nsional

hydrodynamic model (DYN HYD5) and a water qual ity model (WAS P) - both deve lop ed

by USEPA and have been ex tensive ly applied to var ious water qu alit y studies- were

uti lized for hydrodynamic and wat er quality simulation of con tamin ant s, particul arl y

metals, in the study area, Th e major reaso n for thc se lec tion of the DY HYD 5 and

WAS P model s is that the models arc ca pable o f model ing the tox icant transpor t and have

bcen ex tensive ly applied to differ ent env ironme ntal studies , including simulatio n of

po llutants in coasta l wat ers (DRBC, 2003; I-lamm ond , 2004). Other reasons incl ude the

ava ilability of ex isting data , the man power and time constra ints of this study , as we ll as

the access ibility of model so ftware and technical supports from model deve lopers. The

modeling resu lts can be further used to guide local wa ter qu al ity moni toring and



sampling ef forts in the future . Alle r per formin g the field investigation and water quality

mode ling, a numb er of reco mmendations were made to the local author ities for

facilitating water pollut ion co ntro l and quality management practices.

1.2 Study Objectives

In summary, the maj or objec tives of this study includ e:

• To deve lop a samp ling and monitorin g program for data co llec tion

• To propose an integrated water qualit y modelin g approach for coas tal watersheds

• To test the prop osed approac h in the Nut Brook and Kelli grews River wa tershed .

• To so lve the practi cal problem of polluti on cont rol and mitigation in the

waters hed.

• To prov ide reco mme nda tions to the local authori ties to watershed management.

To fulfill these objec tives, the major tasks for this study can be summa rized as follows:

• To collect and analyze backgroun d infor mation and baselin e da ta.

• To monit or regula r water qualit y param eters.

• To characterize the extent of polluti on and identify the possibl e so urces of

pollution in the study watershed (i.e. Nut Brook and Kell igrew s River watershed).

• To review and examine candida te hydrod ynamic and water qualit y models to

determin e the models that bes t fit the current study.



• To ca libra te the se lected hyd rodyn ami c mod el agai ns t the obse rved water Icvels

to achieve the goa l of hyd rodyn ami c model para me ter iza tion and va lidatio n.

• To link the hydrod ynami c model to the se lec ted wa ter qu ality mod el , es timate

con centrations of metals of conccrn, and compare the result s with observe d data

in orde r to ensure the sa tis facto ry performa nce of the model in simulating metal

trans port and fatc.

• To discu ss modelin g lim itations and possible improve me nts in the future .

• To propose recomm end ation s for pollu tion co ntro l and water qu al ity management

in thc study watershed .

1.3 Organization

Chapter 2 pre sent s a detail ed literature review on thc historic al developm en t o f water

qua lity models as we ll as a disc ussio n on the se lected hydrod yn ami c and water quality

models. Chap ter 3 describ es the condu cted field work for co llec tion of sampling,

mon itor ing, and modelin g data. Chapter 4 introd uces the DYN I-IYD5 and WAS P model

theori es, as we ll as the input data required for a successful ru nning of theses models.

Chapter 5 and 6 inc lude the applica tio n of DYNHYD5 and WAS P models to the study

area , respecti vely . Cha pter 7 pre sent s the conclusion s of thi s study and recomm endati ons

to thc local author ities .




































































































































































































































































































































































































































































































































































	0001_Cover
	0002_InsideCover
	0003_Blank Page
	0004_Blank Page
	0005_Title Page
	0006_Abstract
	0007_Acknowledgements
	0008_Acknowledgements iii
	0009_Table of Contents
	0010_Table of Contents v
	0011_List of Figures
	0012_List of Figures vii
	0013_List of Figures viii
	0014_List of Tables
	0015_Chapter 1 - Page 1
	0016_Page 2
	0017_Page 3
	0018_Page 4
	0019_Page 5
	0020_Page 6
	0021_Page 7
	0022_Chapter 2 - Page 8
	0023_Page 9
	0024_Page 10
	0025_Page 11
	0026_Page 12
	0027_Page 13
	0028_Page 14
	0029_Page 15
	0030_Page 16
	0031_Page 17
	0032_Page 18
	0033_Page 19
	0034_Page 20
	0035_Page 21
	0036_Page 22
	0037_Page 23
	0038_Page 24
	0039_Page 25
	0040_Page 26
	0041_Page 27
	0042_Chapter 3 - Page 28
	0043_Page 29
	0044_Page 30
	0045_Page 31
	0046_Page 32
	0047_Page 33
	0048_Page 34
	0049_Page 35
	0050_Page 36
	0051_Page 37
	0052_Page 38
	0053_Page 39
	0054_Page 40
	0055_Page 41
	0056_Page 42
	0057_Page 43
	0058_Page 44
	0059_Page 45
	0060_Page 46
	0061_Page 47
	0062_Page 48
	0063_Page 49
	0064_Page 50
	0065_Page 51
	0066_Page 52
	0067_Page 53
	0068_Page 54
	0069_Page 55
	0070_Page 56
	0071_Page 57
	0072_Page 58
	0073_Page 59
	0074_Page 60
	0075_Page 61
	0076_Page 62
	0077_Page 63
	0078_Page 64
	0079_Page 65
	0080_Page 66
	0081_Page 67
	0082_Page 68
	0083_Page 69
	0084_Page 70
	0085_Page 71
	0086_Page 72
	0087_Page 73
	0088_Page 74
	0089_Page 75
	0090_Page 76
	0091_Page 77
	0092_Page 78
	0093_Page 79
	0094_Page 80
	0095_Page 81
	0096_Page 82
	0097_Page 83
	0098_Page 84
	0099_Page 85
	0100_Page 86
	0101_Page 87
	0102_Page 88
	0103_Page 89
	0104_Page 90
	0105_Page 91
	0106_Page 92
	0107_Page 93
	0108_Page 94
	0109_Page 95
	0110_Page 96
	0111_Page 97
	0112_Page 98
	0113_Page 99
	0114_Page 100
	0115_Chapter 4 - Page 101
	0116_Page 102
	0117_Page 103
	0118_Page 104
	0119_Page 105
	0120_Page 106
	0121_Page 107
	0122_Page 108
	0123_Page 109
	0124_Page 110
	0125_Page 111
	0126_Page 112
	0127_Page 113
	0128_Page 114
	0129_Page 115
	0130_Page 116
	0131_Page 117
	0132_Page 118
	0133_Page 119
	0134_Page 120
	0135_Page 121
	0136_Page 122
	0137_Page 123
	0138_Page 124
	0139_Page 125
	0140_Page 126
	0141_Page 127
	0142_Page 128
	0143_Page 129
	0144_Page 130
	0145_Page 131
	0146_Page 132
	0147_Page 133
	0148_Page 134
	0149_Chapter 5 - Page 135
	0150_Page 136
	0151_Page 137
	0152_Page 138
	0153_Page 139
	0154_Page 140
	0155_Page 141
	0156_Page 142
	0157_Page 143
	0158_Page 144
	0159_Page 145
	0160_Page 146
	0161_Page 147
	0162_Page 148
	0163_Page 149
	0164_Page 150
	0165_Page 151
	0166_Page 152
	0167_Page 153
	0168_Page 154
	0169_Page 155
	0170_Page 156
	0171_Page 157
	0172_Page 158
	0173_Page 159
	0174_Page 160
	0175_Page 161
	0176_Page 162
	0177_Page 163
	0178_Page 164
	0179_Page 165
	0180_Page 166
	0181_Page 167
	0182_Page 168
	0183_Page 169
	0184_Page 170
	0185_Page 171
	0186_Page 172
	0187_Page 173
	0188_Page 174
	0189_Page 175
	0190_Page 176
	0191_Page 177
	0192_Page 178
	0193_Page 179
	0194_Page 180
	0195_Page 181
	0196_Page 182
	0197_Page 183
	0198_Page 184
	0199_Page 185
	0200_Page 186
	0201_Page 187
	0202_Page 188
	0203_Page 189
	0204_Page 190
	0205_Page 191
	0206_Page 192
	0207_Page 193
	0208_Page 194
	0209_Page 195
	0210_Page 196
	0211_Page 197
	0212_Page 198
	0213_Page 199
	0214_Chapter 6 - Page 200
	0215_Page 201
	0216_Page 202
	0217_Page 203
	0218_Page 204
	0219_Page 205
	0220_Page 206
	0221_Page 207
	0222_Page 208
	0223_Page 209
	0224_Page 210
	0225_Page 211
	0226_Page 212
	0227_Page 213
	0228_Page 214
	0229_Page 215
	0230_Page 216
	0231_Page 217
	0232_Page 218
	0233_Page 219
	0234_Page 220
	0235_Page 221
	0236_Page 222
	0237_Page 223
	0238_Page 224
	0239_Page 225
	0240_Page 226
	0241_Page 227
	0242_Page 228
	0243_Page 229
	0244_Page 230
	0245_Page 231
	0246_Page 232
	0247_Page 233
	0248_Page 234
	0249_Page 235
	0250_Page 236
	0251_Page 237
	0252_Page 238
	0253_Page 239
	0254_Page 240
	0255_Page 241
	0256_Page 242
	0257_Page 243
	0258_Page 244
	0259_Page 245
	0260_Page 246
	0261_Page 247
	0262_Page 248
	0263_Page 249
	0264_Page 250
	0265_Page 251
	0266_Page 252
	0267_Chapter 7 - Page 253
	0268_Page 254
	0269_Page 255
	0270_Page 256
	0271_Page 257
	0272_Page 258
	0273_Page 259
	0274_Page 260
	0275_Page 261
	0276_Page 262
	0277_Page 263
	0278_Page 264
	0279_Page 265
	0280_Page 266
	0281_References
	0282_Page 268
	0283_Page 269
	0284_Page 270
	0285_Page 271
	0286_Page 272
	0287_Page 273
	0288_Page 274
	0289_Page 275
	0290_Page 276
	0292_Blank Page
	0293_Blank Page
	0294_Inside Back Cover
	0295_Back Cover

