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Modeling Salt Water Intrusion in Tanshui River Estuarine System—
A Contrast between Now and Then
Wen-Cheng Liu*, Ming-Hsi Hsu®" , Chi-Ray Wu?,
Chi-Fang Wang?, and Albert Y. Kuo” , Member, ASCE

Abstract : A vertical (laterally integrated) two-dimensiona numerical model was
applied to study the salt water intrusion in the Tanshui River estuarine system, Taiwan.
Theriver system has experienced dramatic changes in the past half century because of
human interference. The construction of two reservoirs and water diversion in the
upper reaches of the river system significantly reduces the freshwater inflow. The land
subsidence within the Taipel basin and the enlargement of the river constriction at
Kuan-Du lower the river bed. Both changes contribute to the farther intrusion of tidal
flow and salt water in upriver direction. The model reverification was conducted with
the earliest available hydrographic data measured in 1977. The overall performance of
the modéd is in reasonable agreement with the field data. The model was then used to
investigate the change in salt water intrusion as the result of reservoir construction
and bathymetric changes in the river system. The model simulation study reveals that
significant salinity increase has resulted from the changes combined. It is believed
that the long-term increase in salinity is the driving force altering the aguatic
ecosystem structure in the lower reach of the estuary and the Kuan-Du mangrove
swamp, particularly the enlargement of the mangrove area and the disappearance of
freshwater marshes.

Keywords: Salt water intrusion; Tanshui River system; Numerical model;
Kuan-Du mangrove swamp; Reservoir construction; Bathymetric change.
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Toward the Simulation of Ecological System in the
Danshuel River Estuary

Chi-Fang Wang", Ming-Hsi Hsu*, Jiang-Shiou Hwang?, Jiunn-Tzong Wu®,
Wen-Cheng Liu?*, and Albert Y. Kuo®

'Department of Bioenvironmental Systems Engineering National Taiwan University,
Taipei, Taiwan
cfwang@inun.hy.ntu.edu.tw
?|nstitute of Marine Biology, National Taiwan Ocean University, Keelung,
Taiwan
3Institute of Botany, Academia Sinica, Taipei, Taiwan
“Hydrotech Research Institute, National Taiwan University, Taipei, Taiwan

ABSTRACT

The Danshuel River system is the largest estuary in Taiwan. To get a better
understanding of the ecological system in the Danshuei River, a multi-disciplinary
study including the physical transport processes, nutrient dynamics, primary
production, and the zooplankton population is being carried out. In this study, a
calibrated and validated two-dimensiona hydrodynamic model is used and expanded
to ssimulate the interactions between physical, chemical, and biological factors in the
estuary.

To make the model more realistic, there should be field data to accompany the
development of the numerical model. Two sSlackwater surveys and one intensive
survey have been conducted to collect simultaneous data of physical properties,
nutrient concentrations, and phytoplankton and zooplankton populations at
predetermined stations along the axis of the lower reach of the estuary. The physical
properties measured include salinity, temperature, total suspended sediment
concentrations, and PAR (photosynthetically active radiation). Concentrations of
various forms or species of nitrogen, phosphorus, silica, phytoplankton, and
zooplankton were also analyzed.

According to the surveyed data, the simulation model is designed to include

three groups of phytoplankton, diatom, green algae and the others, and two groups of
2



zooplankton, copepod and others. The formulations of the relations between the
ecological state variables are constructed through literature reference. The calibrated
and validated two-dimensional hydrodynamic model has been expanded to include
nutrient dynamics, phytoplankton growth and the zooplankton predation. With the
field data, and the appropriate values of parameters and rate coefficients, the
numerical model may properly simulate the ecological system in the Danshuei River
Estuary.

Water Column Light Attenuation in the Danshuei River Estuary
Shu-Yi Chen'  Chi-Ray Wu* Ming-Hsi Hsu* Wen-Cheng Liu?>  Albert Y. Kuo®

'Department of Bioenvironmental Systems Engineering,
National Taiwan University, Taipel, Taiwan
Phone: 886-2-2369-8508-ext.721
E-mail: sychen@inun.hy.ntu.edu.tw
Hydrotech Research Institute, National Taiwan University, Taipei, Taiwan

ABSTRACT

The penetration of sunlight into the water column plays a critical role in the
aquatic ecosystem of a water body. Insufficient light is often the principal limiting
factor for primary production in many turbid estuaries. The Danshuei River is the
largest estuarine system in Taiwan. This study investigates the light attenuation
through the water column of the Danshuei River estuary and explores the models for
guantifying it. The light penetration into water column is measured by two methods,
the Secchi-depth measurement and the measurement of PAR (Photosynthetically
Active Radiation). The PAR measurements indicate that the conventional exponential
attenuation of light with depth is a very good model. A light attenuation coefficient
may be derived from the PAR measurements at each of the stations. The simpler
measurements of Secchi-depth provide an approximate estimate of the attenuation
coefficients through inverse linear relationship.

Light attenuation through water column is controlled by the amount and kinds of
materials dissolved and suspended in the water. A model often used in predictive
water quality and ecosystern modeling is to assume that the light attenuation due to
dissolved matter is relatively constant and include it with water itself, and that the
contributions due to chlorophyll and suspended particles are proportiona to their
concentrations. However, the linear regression with such a model resultsin very poor
correlation, and relatively large constant term in most cases. The regression with
salinity yield much better correlation, indicating that the fraction of sea water might

be a good parameter for estimating light attenuation coefficient for practical
3



application in the Danshuel River.
Key Words: light attenuation coefficient, model, estuaries.

Modeling Water Quality Control for Fish Survival
in the Tidal Hsintien Stream

Shin-Yi Liu® Wen-Cheng Liu> Albert Y. Kuo* and Ming-Hsi Hsu

'Department of Bioenvironmental Systems Engineering,
National Taiwan University, Taipei, Taiwan
syliu@inun.hy.ntu.edu.tw
“Hydrotech Research Institute, National Taiwan University, Taipei, Taiwan

ABSTRACT

The Hsintien Stream is one of the major branches of the Danshuei River system,
which is the largest estuary in Taiwan. It runs through the metropolitan capital city of
Taipei and receives large amount of wastewater. The dissolved oxygen is generaly
low in the tidal portion of the Hsintien Stream. Hypoxia/anoxia occurs often,
particularly during the low flow period when the Feitsui reservoir impounds the
freshwater for municipal water supply. Fish kills happen from time to time.

The purpose of this study is to develop and apply numerical hydrodynamic and
water quality model for the Danshuei River, with special attention on the Hsintien
Stream. The model is calibrated with the prototype conditions of year 2000. Daily
freshwater discharges are specified as the upstream boundary conditions at the three
major branches. Hourly tidal heights are derived from field data at the river mouth for
the downstream boundary conditions. The hydrodynamic portion of the model has
been recalibrated with measured surface elevation and velocity at various stations in
the river system. The water quality portion of the model requires the input data of
point and nonpoint sources as well as the boundary conditions of the concentrations of
various forms of nutrients, CBOD and dissolved oxygen. The model is being
calibrated with respect to the field data provided by Taiwan EPA.

Through this study, we may understand the dissolved oxygen dynamics in the
Hsintien Stream, apply the model to develop the appropriate strategy to make sure the
dissolved oxygen level suitable for fish survival, and propose effective methods to
improve the general water quality of the Hsintien Stream.



Zooplankton Abundance and Distribution in the Danshuel Estuary
and Adjacent Waters

Jiang-Shiou Hwang, Chih-Wei Hsieh

Institute of Marine Biology, National Taiwan Ocean University,
Keelung 202, Taiwan, ROC
jshwang@mail.ntou.edu.tw

ABSTRACT

The Danshuei River is the most important estuarine ecosystem in northern
Taiwan. Huge amount of derived substances and wastewater from Taipei city and
county are discharged into the Danshuei ecosystem daily. The transportation process
and the terminal destination of derived substances and wastewater are influential on
zooplankton abundance and distribution in this ecosystem. However, relatively few
studies of zooplankton were carried out in this important ecosystem. The purpose of
this study was to investigate zooplankton abundance and distribution in the Danshuei
estuary and adjacent waters. Zooplankton was sampled in 5 stations aong the
Danshuei river from fresh waters to the river mouth. The abundance, distribution,
grazing rate, carbon and nitrogen contents of zooplankton were investigated in 5
stations. The results showed that copepods usualy were the most dominant
composition of zooplankton with high station variations in terms of abundance and
distribution. The chlorophyll a contents in the gut of Copepods were relatively low
indicating low grazing rate on phytoplankton. However, the C/N of copepods was
relatively constant e.g 7. in the Danshuei ecosystem. Occasionally, the barnacle
larvae became dominant in the Danshuel ecosystem. Nonetheless, it appeared that the
discharge of wastewater from Taipei city and county has great impact on the
distribution and abundance of zooplankton in the ecosystem of Danshuel.
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% 4 0.08 0.12 0.15 0.31 0.33 1.05 0.00 0.00 0.28 0.00 1.96 0.68 0.00| 0.00
L 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
Bl LA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
LK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
ER] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00| 0.00
] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
£ Rl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
7 R4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
P LK 2 o 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
SO 6.07 487 1411 2307 1.75 0.41 0.46 1.98| 4358| 3142 8.15 7.43 6.43| 1.07
Gl f< 3 14.24 0.89 6.03 1.69 0.76 1.28 0.03 0.30 0.84 0.72 2.28 0.00 0.00| 0.13
R 0.89 0.00 0.00 0.00 0.00 0.00 0.03 0.04 112 0.00 0.33 0.00 0.00| 0.04
P KE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
TR AE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
=9 X 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.00 0.00 0.04 0.33 0.00 0.00| 0.00
Az 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.28 0.00 0.00 0.00 0.02] 0.00
YRMTAE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
ELI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
SR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
E Py 51.52| 33.06| 146.86| 117.02 8.15| 1117 368| 14.22 0.00 265| 6292 1824 2.30106.13
total 72.80| 3897 167.32| 14211 11.14| 1428 422| 1655| 46.10| 34.85| 7596 27.02 8.741107.38

25




Fo C-2-2 VAN IR WEP R R o3 P (A - 5 A A )

e T
6:40 8:00 9:20 11:00" | 12:30 | 1350 | 1520 | 16:40 7:20 840 10:00 | 13:10 | 14:30 | 16:00
TRk 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%[ 00%| 00%| 00% 00% 00% 00%  0.0% 0.0%
e 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00% 00% 00% 00% 00% 00% 0.0% 0.0%
LI 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00% 00% 00% 00% 0.0% 0.0%
<2 K 0.0%| 0.1%| 0.0%| 0.0% 13%| 24%| 0.0%| 0.0%| 0.0% 0.0% 00% 25% = 0.0%| 0.0%
foig< 5 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%[ 0.0%| 00%| 00% 0.0% 00% 00%  0.0% 0.0%
25 Wi 0.1%| 0.3%| 0.1%| 0.2%| 3.0%| 7.3%[ 0.0%| 0.0%| 06% 0.0% 2.6% 25% = 0.0%| 0.0%
W L 0.0%| 0.0%| 0.0%| 0.0% 00%| 00%| 00%| 00% 00% 00% 00% 00% 00% 0.0%
Bl LK 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00% 00% 00% 00% 0.0% 0.0%
Fi LA 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00% 00% 00% 00%  0.0% 0.0%
2l 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00% 00% 00% 00% 00% 00%  0.0% 0.0%
] 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00%| 00% 00% 00% 00% 00%  0.0% 0.0%
o Rl 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00%| 00% 00% 00% 00% 00% 00% 0.0%
T £k 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00% 00% 00% 00% 00% 00%  0.0% 0.0%
11 7S 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00% 00% 00% 00%  0.0% 0.0%
FIZ0 K o) o 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00% 00% 00% 00% 00% 00% 0.0% 0.0%
T 8.3%| 12.5%| 8.4%| 16.2%| 15.7% 2.9%| 11.0%| 12.0%| 94.5%| 90.2%| 10.7%| 27.5%| 73.5%| 1.0%
&3 196%| 23%| 3.6% 1.2%| 6.8%| 9.0%| 0.7% 1.8% 1.8%[ 21%| 3.0%| 0.0% 0.0%| 0.1%
R 1.2% 0.0%| 00%| 00% 00% 00% 07% 03% 24%| 00%| 04%| 0.0%| 0.0%| 0.0%
] 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00%| 00%| 00% 00% 00% 00%  0.0% 0.0%
RSk 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00%| 00% 00% 00% 00% 00% 00% 0.0%
it f o 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 00% 00% 00% 00% 00% 00% 0.0% 0.0%
=9 M 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 02%[ 00%| 00%| 00% 01%| 04%| 0.0% 0.0%| 0.0%
g 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%[ 03% 00% 06% 00% 00% 00% 02% 0.0%
YERTAE 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00% 00% 00% 00%  0.0% 0.0%
N 0.0%| 0.0%| 0.0%| 0.0% 00%| 00%| 00%| 00%| 00% 00% 00% 00% 0.0% 0.0%
AL 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 00%| 00%| 00%| 00% 00% 00% 00% 0.0% 0.0%
Y 70.8%| 84.8%| 87.8%| 82.3%| 73.2%| 782%| 87.3%| 859% 0.0%| 7.6%| 82.8%| 67.5%| 26.3%| 98.8%
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% C-2-3 JpHEENEA (mgln? > e — F A F]H T )
Total zooplankton
Hre) SRR | TN TC | Mg | AEET | C/INGR
' 6:40 00116 | 0.1102| 1.0273| 26.2816 9.3067
8:00 0.0031| 0.1585| 0.5384 3.9239 [ 30.7426
9:20 0.0159( 0.1218| 0.6182 4.4750 7.9356
%‘g 11:00 0.0490 | 0.3347 | 1.4157| 15.0990 6.6505
y 12:30 0.0052 | 0.0375| 0.1906 1.5101 6.2711
13:50 0.0042 | 0.0438| 0.3286 1.4305 9.1665
15:20 0.0009 [ 0.0098 | 0.0809 0.7029 [ 11.1686
16:40 0.0035| 0.0302| 0.2294 2.0904 8.8140
7:20 0.0066 | 0.0607 | 0.2654 4.4229 9.3413
8:40 0.0055| 0.0586| 0.2014 3.6877 | 10.4849
(a8 10:00 0.0097 [ 0.0774| 0.3741 6.4776 7.7052
[ 13:10 0.0034 | 0.0333| 0.1018 1.4953 9.7321
14:30 0.0075| 0.0242| 0.1126 0.6457 2.1889
16:00 0.0384 | 0.3726| 13048 | 12.6221 8.7397
zooplankton (copepods)
i [ ] N TC | Mg | ANEET | CING
' 6:40 0.0020 [ 0.0182| 0.2532 2.8842 9.0378
8:00 0.0005 | 0.0053| 0.0669 0.9309 [ 10.8317
9:20 0.0023 | 0.0201| 0.1445 0.8915 8.8801
%‘g 11:00 0.0070 | 0.0443| 0.1894 3.1116 6.3208
y 12:30 0.0036 | 0.0193| 0.0638 0.5942 5.3083
13:50 0.0014 | 0.0112| 0.0264 0.5742 7.9107
15:20 0.0003 | 0.0041| 0.0336 0.0695 [ 13.3080
16:40 0.0010 [ 0.0101| 0.0872 0.5087 9.8270
7:20 0.0060 [ 0.0552| 0.2550 3.8881 9.2231
8:40 0.0048 [ 0.0514 | 0.1832 2.9540 | 10.6829
(a8 10:00 0.0020 [ 0.0138| 0.0715 1.8285 6.8137
[ 13:10 0.0008 | 0.0075| 0.0390 0.2842 9.4742
14:30 0.0024 | 0.0175| 0.0880 0.4454 7.2644
16:00 0.0017 [ 0.0137| 0.0312 0.3743 8.0284
zooplankton (non copepods)
s [ | TN TC | Az | e | CINGE
6:40 0.0096 [ 0.0920 | 0.7741| 23.3974 9.5810
8:00 0.0026 | 0.1533| 0.4715 29929 [ 59.7770
9:20 0.0136 0.1018| 0.4737 3.5835 7.4785
%‘g 11:00 0.0420 [ 0.2904 | 1.2263 | 11.9874 6.9114
y 12:30 0.0016 | 0.0182| 0.1268 09159 | 115421
13:50 0.0028 | 0.0327 | 0.3022 0.8563 [ 11.7103
15:20 0.0006 [ 0.0058 | 0.0473 0.6334 9.5590
16:40 0.0024 | 0.0201| 0.1422 15817 8.2189
7:20 0.0006 [ 0.0055| 0.0105 0.5347 9.4635
8:40 0.0007 | 0.0072| 0.0181 0.7336 | 10.2553
(= 10:00 0.0077 | 0.0636 | 0.3026 4,6491 8.2746
[ 13:10 0.0026 | 0.0257 | 0.0628 1.2111 9.8708
14:30 0.0051 | 0.0067 [ 0.0245 0.2003 1.3177
16:00 0.0367 | 0.3589 | 1.2736| 122477 9.7770
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# C-2-4 %™ ﬁ?ﬁﬂifgﬁ?iﬁiﬁﬁ?ﬂﬁﬁﬁ (Ind./n? > Jed — & JuE[Z o Zi )
Ve il
8:35 940 | 11:15 | 1230 | 1355 | 730 | 10:30
[ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
e 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LIE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
<5 K 0.00 0.04 0.00 0.00 1.15 0.00 0.00
fiTfe ) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
%5 I 0.07 0.18 0.00 0.00 0.00 0.72 0.00
WL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bl L 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i LI 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i 0.00 0.00 0.00 0.51 0.00 0.00 0.00
FERpE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
] Rl 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i 0.07 0.00 0.00 0.00 0.00 0.00 0.00
fi 4K 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PRI A 0.00 0.00 0.46 0.51 0.00 0.00 0.00
ST 19.15 7.33| 626.57| 418.10| 1447.17| 118.77| 2122.02
Gl 3 0.03 0.00 046| 6219 6.32 0.00 373
KR 0.00 0.00 000 11.31| 31.60 0.00 7.46
I 0.00 0.00 0.00 0.00 0.00 0.00 0.00
R 0.00 0.00 0.00 0.00 0.00 0.00 0.00
it L s ok 0.00 0.00 0.00 0.00 0.00 0.00 0.00
=9 M 0.00 0.00 0.00 0.51 0.00 0.00 0.00
HEa 0.00 0.00 0.00 5.65 0.00 0.00 0.00
YR KE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EL 0.00 0.00 0.00 0.51 0.00 0.00 0.00
HRE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ty 0.00 0.00 0.00 0.00 0.00 0.00 0.00
total 19.31 755| 627.48| 499.31| 1486.24| 11950 2133.21
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F C-225 P IR o B (A = WA 2 A T

ekl T
8:35 9:40 11:15 | 12:30 | 1355 7:30 10:30
L 0.0%| 0.0%| 0.0%| 0.0%| 00% 0.0% 0.0%
e 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
Wiy ST 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
e 0.0%| 05%| 0.0%| 0.0%| 01%| 0.0%| 0.0%
2 0.0%| 0.0%| 0.0%| 0.0%| 0.0% 0.0% 0.0%
25 W 0.3%| 24%| 0.0%| 0.0%| 0.0%| 0.6%| 0.0%
W Lk 0.0%| 0.0%| 0.0%| 0.0%| 0.0% 0.0% 0.0%
Bl LEE 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
P RLEE 0.0%| 0.0%| 0.0%| 0.0%| 0.0% 0.0% 0.0%
e 0.0%| 0.0%| 0.0%| 01%| 0.0%| 0.0%| 0.0%
AR 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
- Rl 0.0%| 0.0%| 0.0%| 0.0%| 0.0% 0.0% 0.0%
T £k 0.3%|[ 00%| 00% 0.0%| 00% 00%| 00%
11 7S 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
FIL KR ) 0.0%| 0.0%| 0.1%| 0.1%| 0.0%| 0.0%| 0.0%
T 3 99.1%| 97.1%| 99.9%| 83.7%| 97.4%| 99.4%| 99.5%
Gl 3 0.2%| 0.0%| 0.1%| 125%| 04%| 0.0%| 0.2%
YA 0.0%| 0.0%| 0.0% 23%|  21%| 0.0%| 0.3%
PR KE] 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
RSk 0.0%| 0.0%| 0.0%| 0.0%| 00% 0.0% 0.0%
it f o 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
=9 0.0%| 0.0%| 0.0%| 01%| 0.0%| 0.0%| 0.0%
] 0.0%[ 0.0%| 0.0% 11%| 0.0%| 00%| 0.0%
YT 0.0%| 0.0%| 0.0%| 0.0%| 00% 0.0% 0.0%
N 0.0%| 0.0%| 0.0%| 0.1%| 0.0%| 0.0%| 0.0%
A 0.0%| 0.0%| 0.0%| 0.0%| 00% 0.0% 0.0%
Y 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%| 0.0%
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% C-2-6 S IEETLE (mglnf e - FAeF] = =)

Total zooplankton

e [PRipE | TN TC | Afdzgn | MORE | N[

8:35 0.0059 | 0.0300 0.0789 2.7524 5.2806

9:40 0.0039 | 0.0215 0.0520 0.6658 5.6149

3

11:15 0.0953 | 0.6261 1.5291 27.3295 6.9855

12:30 0.1382 | 0.9359 2.7104 28.8667 6.8590

13:55 04314 | 2.1535 54151 [ 145.4600 6.1371

an 7:30 0.0415] 0.2400 0.6709 9.8640 6.3536

! 10:30 0.7513 | 44248 | 14.7305| 291.0445 6.4798

zooplankton (copepeods)

il e 3 Gl N TC | Afdzgn | MRE | N[
8:35 0.0054 [ 0.0272 0.0681 2.2766 4.9993

9:40 0.0034] 0.0170 0.0414 0.4045 4.9691

11:15 0.0944 1 0.6198 1.5060 26.8781 6.5628

3

12:30 0.1338 1 0.9056 2.6082 28.3702 6.76717

13:55 04279 2.1335 5.3463 144.4989 4.9862

ns 7:30 0.0408 | 0.2345 0.6592 9.5908 5.7428

[ 10:30 0.7508 | 4.4207 [ 14.7191 290.7562 5.8883

zooplankton (non copepods)

il e 3 ol N TC | MR | ARIHE CIN (i

8:35 0.0005 | 0.0027 0.0108 0.4758 6.0079

9:40 0.0004 | 0.0045 0.0107 0.2612 ] 10.3882

11:15 0.0008 [ 0.0062 0.0230 0.4513 7.5092

3

12:30 0.0044 | 0.0303 0.1022 0.4965 6.9409

13:55 0.0035 ] 0.0200 0.0688 0.9611 5.6730

ns 7:30 0.0007 ] 0.0055 0.0118 0.2732 8.3346

[ 10:30 0.0005 ] 0.0041 0.0114 0.2883 7.8362
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A series of test runs were conducted to make sure that the model program was
coded correctly. A fictitious estuary with simple geometry was used for the test. The
following gives the pertinent information for the test runs.

Geometric Information:

Length from mouth to the head of estuary = 150 km,

Uniform rectangular cross-section,
37



Constant width = 200 m, constant depth = 5 m.
Hydrodynamic Information:

Tidal amplitude at the mouth = 30 cm, tidal period = 12.42 hours (i. e., M2
tide),
Salinity at the mouth = 35 ppt,
Freshwater discharge at the head = 25 cms.

Computational Information:

Ax=2km,Az=1m,
At = 108 sec.

Water Quality Information:

Upstream boundary conditions: DO = 7.5 mg/l, and everything else is zero.
Downstream boundary conditions. DO = 7.5 mg /I, PB1 (diatom) = 0.3 mg/I,
ZB1 (copepod) = 0.05 mg/l, everything elseis zero.
Pollutant loading: a point sourceis located at 30 km from the head of
estuary with flow rate = 1.0 cms.

In each of the model test run, al input conditions were held constant and the model
was run until the equilibrium state was reached. The model was first run with the
kinetic coefficients specified in such a way that the newly developed model was
equivaent to the original HEM-2d (i. e., with 8 water quality state variables). The
results of the new model were compared with that of the HEM-2d, and it was proved
that the two sets of results are identical. Then the input file was modified to bring in
the new state variables one or afew at atime, and made sure the model results werein
accordance to expectation at each step of modification. This process continued until
the full set of 21 state variables were in operation simultaneously. Then the model was
run by changing the value of kinetic coefficient one at a time to check if the model
response was reasonable. The following figures present the results of one model run
as an example, of which the point source loading is shown in table D-1. The figures
show the spatial distribution of the concentrations of state variables. The horizontal
axis is distance from the estuarine mouth in kilometers, and the vertical axis is depth
in meters. All the iso-concentration contours arein mg/l.
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Z#. D-1 testrun %ﬂﬁ’ﬁﬁ?ffe}éﬁ Bl

<R SRR PR P3| PHTE!(kg/day)

B S ERSETRY S S RPOC 10,000

e ph o FENEAY IS E RS IR LPOC 10,000
iﬁ%ﬁl‘%‘% |t DOC 10,000
FF%EHF“"‘ ES RPON 500

bh 5 BB S E B i LPON 500

2 THIHEE J%*;k:n DON 500
ZEa NH4 8,000

fﬁ\[@% NO3 2,000

5 FESIETRY 2 | B RE RPOP 200

ph 5T AT S | At LPOP 200

ia iﬁgﬁfﬁ? | B DOP 200
RAL PO4t 1,000

B & PRI R su 500
K [ LES] SAt 10,000
L COD 10,000

& DO 430
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