



































dominant source may be bay water and/or groundwater.

D. Model Application

The only continuous discharge record in the watershed is at the USGS gauging station in
the Bush Mill Stream which operated from April 1971 to March 1985. Therefore the model for
the Bush Mill Stream sub-basin was run to simulate this period to examine the model prediction
of freshwater discharge. Unfortunately there is no precipitation data measured during the same
period within the watershed. The precipitation data at a nearby station, Warsaw, were obtained
from the Virginia Climatologist Office and used as model input. The model output of average
monthly discharges are compared with USGS gauging record in Figures 2-9 and 2-10. Figure 2-9
is the scatter plot of simulated versus observed flows. It indicates that the model under predicts
the discharge during extreme low flows, and over predicts the higher flows. This may be
attributed to the under estimation of the detention parameter in the model. However the time
series comparison in Figure 2-10 indicates that these same discrepancies do not exist for the
period after 1982. Therefore no attempt was made to adjust the detention parameter used in the
model.

The model was then run to simulate the conditions from April 1998 to March 2000,
encompassing the period when feeder stream monitoring was conducted. Samples of the model
calculated stream flows, total nitrogen, total phosphorus and sediment loads are presented in
Figures 2-11 to 2-14. The calculated flows are monthly averages. The nutrient and sediment
loads are the total monthly loads. Both the flows and loads are composed of two components:
the surface runoff and groundwater discharge. Since the feeder sfream measurements were taken
following rainfall events at one instant each time, it is not appropriate to compare the measured
flows with model results. To compare the nutrient and sediment loads with feeder stream
measurements, the monthly weighted-average concentrations were computed as the total monthly
loads divided by the total volume of flow in the month. Figures 2-15 and 2-16 present the results
for the Bush Mill Stream sub-basin. They indicate that the calculated total phosphorus
concentrations remain relatively constant throughout the year, while the calculated total nitrogen

and sediment concentrations are more variable. The total nitrogen concentrations are very high in
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the summer when the flows are very low. The sediment concentrations vary widely responding to
the magnitude of stream flows, with high concentration during high flow. The average calculated
concentrations over the period from August 1999 to March 2000 are compared with those of
feeder stream measurements in Table 2-3. This shows that the calculated and measured average
nutrient concentrations agree within 10 to 20 %. A large discrepancy exists for sediment
concentrations. Figure 2-16 shows that very high sediment concentrations, 100 to 200 mg/l,
occur during high runoff months. This is contrary to the instream measurements, which have
most sediment concentrations ranging between 10 to 20 mg/l (Table 2-2).

The comparison of the model results with the field data demonstrates that the watershed
model BasinSim is accurate in terms of overall average total nitrogen and total phosphorus

concentrations. It may over estimate the sediment yield in the watershed.



Table 2-1. Landuse/cover areas (in ha) for the model sub-basins.

Sub-basin| 0 1 2 3 B 5 6 T 8 9 10 11 12 13 14 | sum
Crops 546| 263 100, 72| 87| 71| 46| 83 41| 34/ 60 85 37| 26| 125 1677
Ip:;xre 534| 345 63) 131 111 117} 55| 63 104{ 46| 101 165 93] 31| 96| 2056
Forest 3870 1504| 1077| 781 950| 498 604 338 323| 152| 229 263| 139 177| 524{11430
Barren 287 0 0 0 43 2 2 4 0 0 0 0 0| 0 0] 339
Wetland 164 54| 35| 18/ 33| 10] 18 6 5 9 9 9 3| 13| 43} 429
Water 32| 17| 129 222| 95| 132 89| 117 108 282 296 114 116 197 564| 2510

Urban-LDD 5 20 2 0 1 38 o 12| 22 4 2 0 6] 23] 223] 359

Urb-an-HDD 4 4 3 4 3 12 2 8 5 5 6 2 3 5 49/ 113
tofal 5441 2207| 1409| 1228| 1324| 881| 817| 631 608 532 703] 637 398 472| 1625/18913
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Table 2-2. Measured flows and concentrations in feeder streams

8/4/99
8/26

9/17

9/22
10/19
11/23
1/5/00
3/22/00
3/28/00
Average*

8/4/99
8/26
97
9/22

. 10/18

11/23
1/5/00
3/22/00
3/28/00
Average*

Crabbe Mill Stream

Q PC/POC PN
cfs mg/l mg/l

0 1.37 0.143
1.5 1.37 0.116
721 1.3 0.103
26.1 1.13 0.094

0

no data
24.1 1.44 0.116
295 1.25 0.099
22.3
0.1342

Bush Mill Stream

Q PC/POC PN
cfs mg/l mg/l
0 1.96 0.209
5.6 1.38 0.142
57 1.51 0.132
1.33 0.116
7T . 092 0.076
no data
16.2 1.35 0.126
335 1.19 0.105
27.8
0.1162

TDN DON*

mg/l

0.516
0.484
0.591
0.547

0.6
0.5618
0.495
0.539

mg/l

0.31
0.355
0.474
0.395

0.305
0.232
0.278

TDN DON*

mg/|

0.693
0.503
0.611

0.55
0.479

0.463
0.515
0.486
0.515

mg/l

0.504

0.45
0.529
0.477
0.438

0.341
0.289
0.343

* exclude 8/4/99 data when there is no flow.

NH4 NO3 PP

mg/l  mgl/l

0.072 0.134
0.034 0.095
0.04 0.077
0.036 0.116

0.056 0.239
0.047 0.239
0.034 0.183

NH4 NO3
mg/l mg/l

0.131 0.058
0.033 0.02
0.032 0.05
0.032 0.041
0.026 0.015

0.035 0.087
0.044 0.182
0.023 0.12

mg/l

0.087
0.052
0.035
0.031

0.04
0.04
0.045
0.041

PP
mg/l

0.117
0.104
0.049
0.061
0.061

0.08
0.059
0.061
0.068

POP*
mg/l

0.026

0.015
0.014

0.011
0.016
0.018

POP*
mg/l

0.042
0.025
0.017
0.019
0.012

0.047
0.02
0.018

PIP
ma/l

0.061
no dat

0.02
0.017

0.029
0.024
0.027

PIP
mg/l

0.075
0.078
0.032
0.042
0.049

0.033
0.039
0.043

TDP DOP* PO4f TSS TFS DOC

mg/|

0.012
0.024

0.02
0.024

0.048
0.03
0.03

0.029

TDP
mg/l

0.032
0.035
0.037
0.037
0.038

0.065
0.048

0.04
0.043

mg/l

0.003
0.019
0.01

ma/l

0.008
0.005
0.01

0.012 0.012

0.025 0.023

0.021
0.021

0.009
0.009

mg/l mg/l
11 5
18 13
17
9 1
14 T
13 7
13 6
14 7.17

mg/l

10.8

DOP* PO4f TSS TFS DOC

mg/l

0.01
0.029
0.017
0.018
0.006

0.041
0.035
0.026

mg/l

0.022
0.006

0.02
0.019
0.032

0.024
0.013
0.014

mg/l. mg/l
24 15
15 8
16 9
10 4
8 4
14 6
18 9
17 8
14 6.86

mg/t

14.5

7.86



Table 2- 2. Continued

Tipper Creek
Q PC/POC PN TDN DON* NH4 NO3 PP POP* PIP TDP DOP* PO4f TSS TFS DOC
cfs mg/l mg/l. mg/d mg/l mg/l mgl mgd mg/l mg/l mg/l mg/d mg/l mg/l mg/l mgll
8/4/99 0.44 063 0.047 0.512 0.197 0.053 0.262 0.047 0.017 0.03 0.025 0012 18 12
8/26 1.06 0.64 0.047 0.391 0.273 0.05 0.068 0.029 0.012 0.017 0.028 0.005 G « 3
97 0.96 0.074 0.473 0.42 0.019 0.034 0.025 0.01 0.015 0.02 0.011 10 5 109
9/22 11.9 0.88 0.059 0.407 0.351 0.022 0.034 0.026 0.011 0.015 0.027 0.016 5 1
10/19 1.62 0.61 0.038 0.356 0.281 0.031 0.044 0.037 0.011 0.026 0.024 0.016 6 2
11/23 1.87 1.23 0.077 0.222 0.222 0.084 0.03 0.054 0.02 14 7 424
1/5/00 2.73 1.14 0.078 0.302 0.198 0.037 0.067 0.05 0.012 0.038 0.031 0.014 10 5 765
3/22/00 4.53 1.14 0.08 0.341 0.209 0.041 0.091 0.037 0.017 0.02 0.032 0.009 11 4
3/28/00 2.74 . 0.375 0.254 0.033 0.088 0.032 0.005 0.027 0.033 0.009 9 2
Average 0.0625 0.375 0.041 0.027 9.89 4.56

Note: Q, flow rate; PC/POC, Particulate Carbon or Particulate Organic Carbon; PN, Particulate Nitrogen; TDN, Total Dissolved
Nitrogen; DON, Dissolved Organic Nitrogen, NH4, Ammonium Nitrogen; NO3, Nitrate Nitogen; PP, Particulate Phosphorus;
POP, Particulate Phosphorus; PIP, Particulate Inorganic Phosphorus; TDP, Total Dissolved Phosphorus;
DOP, Dissolved Organic Phosphorus; PO4f, Dissolved Phosphate; TSS, Total Suspended Solid; TFS, Total Fixed Solid;
DOC, Dissolved Organic Caubon.



Table 2-3. Comparison of model predicted and measured nutrient and sediment concentrations

Sub-basin | Q(efs) [TSS (mgn) > M9 1N (mgny | TN (M | 1p (mgyy | TP (Mah
sush i st | 579 90 14 | 0708 | 0631 | 0101 | 0.111
MPTR R 27 14 | 0602 | 0673 | 0078 | 0.070
2 15.3 17 - 0.514 . 0.059 R
3 137 15 i 0.653 i 0.053 .
4 14.3 56 . 0.633 i 0.077 i
5 9.7 22 . 0.704 . 0.064 ;
Tippgr o | 89 18 10 | 0539 | 0438 | 0057 | 0.068
7 7.1 38 i 0.823 : 0.071 i
8 6.8 17 : 0.734 i 0.060 i
9 6.6 13 : 0.992 ; 0.026 .
10 8.4 18 : 0.982 . 0.042 .
11 7.1 31 i 0.937 . 0.079 .
12 46 21 i 0.954 : 0.060 .
13 5.6 12 i 0.852 i 0.031 .
14 19.2 17 . 0.835 " 0.041 ;

Cockrell Cr.
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Fig 2-2. Air temperature (°C) at Reedville, VA during the simulation period.
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Fig 2-3. Precipitation (cm) at Reedville, VA during the simulation period.
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Fig. 2-4. Measured stream flows in feeder streams.
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Fig. 2-5. Measured particulate and total dissolved nitrogen concentrations.
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Fig. 2-6. Measured particulate and total dissolved phosphorus concentrations.
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Fig. 2-7. Measured particulate and dissolved organic carbon concentrations.
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Fig 2-9. Scatter plot comparison of simulated flows (solid line) with stream gauge data (+ symbol) in Bush Mill Stream,
4/1971 - 3/1986
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Fig 2-10. Time series comparison of simulated flows with stream gauge data in Bush Mill Stream.
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I1I. Tidal Prism Water Quality Model

A. Background

The tidal prism water quality model (TPWQM) was first developed in late 1970 at the
Virginia Institute of Marine Science as a tool to assist water quality management of small coastal
pasins (Kuo and Neilson, 1988). The model simulates the physical transport and biochemical
- processes in a water body, and predicts water quality conditions. The physical transport process
is simulated in the model in terms of the tidal flushing concept (Ketchum, 1951).The
implementation of the concept in numerical computation is straightforward, and thus ideal for
application to small coastal basins which often have a high degree of branching.

The kinetic portion of the TPWQM was later expanded by Kuo and Park (1994) to
describe more fully eutrophication processes and to be compatible with the modeling efforts in
the Bay mainstem and major tributaries (Cerco and Cole, 1993). The number of water quality
state variables was increased from 9 to 23.They are salinity, temperature, cyanobacteria, diatom,
green algae, refractory and labile particulate organic carbon, dissolved organic carbon, refractory
and labile particulate organic phosphorus, dissolved organic phosphorus, total phosphate,
refractory and labile particulate organic nitrogen, dissolved organic nitrogen, ammonium
nitrogen, nitrite-nitrate nitrogen, particulate biogenic silica, available silica, dissolved oxygen,
chemical oxygen demand, total suspended solid, and fecal coliform bacteria. A new solution
scheme (Park and Kuo, 1996) was also developed and used to replaced the old scheme in the
model. The new scheme decouples the computation of kinetic processes from that of physical
transport processes. This results in a simple and efficient computational procedure, and makes
the future refinement of kinetic processes much easier.

The refined TPWQM has been successfully applied to the Lynnhaven River (Park et al.,
1995) and four other small coastal basins in Virginia (Kuo et al., 1998). The model was also
adopted by the Virginia Department of Environmental Quality for their use in determining

Wastewater discharge permits in the Virginia small coastal basins.
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B. Model Application _

To apply TPWQM, the Great Wicomico River was divided into 23 segments and 16
tributaries (Figure 3-1). The first segment is outside of the river in the Chesapeake Bay and sets
the boundary conditions which are required for model simulation. The model also includes 2 side
branches in Cockrell Creek, the largest tributary. The geometric data and tidal prism volumes of
the model segments are listed in Table 3-1.

The model was run to simulate the river conditions from February 22, 1999 to March 31
2000, the period outputs from the watershed model are available (see previous chapter). The
simulation of salinity distributions was examined first to investigate the model performance. The
monthly stream flows from the watershed model outputs were linearly interpolated to provide the
daily freshwater discharge data required for the tidal prism model. Each of the 15 sub-basins
watershed model output was assigned to one or more segments of the TPWQM. The salinity data
from the February 22, 1999 slackwater survey were used to generate the initial condition of the
model run. The salinity data from the station at the river mouth, including those of the
Chesapeake Program monitoring data at station CB5.4W, were interpolated to create time series
data for the boundary condition.

The model calibration requires the adjustment of the returning ratio, the only calibration
parameter for the physical transport process, until the model outputs of salinity distributions
agree with field observations. Unfortunately the model calculated salinities are much lower than
those observed, with all values of the returning ratio within the possible limit of 0 to 1.0. Past
studies of the tidal prism model have demonstrated that the calculated salinity is relatively
insensitive to the value of returning ratio between 0.1 to 0.5, and the value of 0.3 works well with
all the small coastal basins of Virginia studied to date(Kuo et al., 1998).The model results using
the value of 0.3 for the returning ratio are compared with field data in Figures 3-2. These figures
show that the model severely under predicts the salinity level throughout the river, and no
adjustment of the calibration parameter can bring the model predictions close to field

observations.
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Salinity distributions in an estuary are controlled by the salinity level at its mouth, tidal
mixing, and the amount of freshwater inflow to the system. In applying the tidal prism model to
the Great Wicomico River, the first two are obtained from direct field observation, and the last
one is derived from the outputs of the watershed model, BasinSim. Therefore it may be
concluded that the calculated stream flows from BasinSim are much higher than those
comparable with observed salinity distribution in the river. BasinSim computes surface runoff
and groundwater flow, and sums them together as stream flow. When using them for input to the
tidal prism model, there is an unresolved question as to whether the groundwater flow enters the
estuary in the same segment as the surface runoff. In the case of the Great Wicomico River, it is
unknown if the groundwater from the drainage basin may directly discharge into the Chesapeake
Bay and not directly into the river. A model sensitivity run was conducted using only the surface
runoff portion of the stream flow as inputs of the freshwater discharge in the tidal prism model.
The calculated salinity distributions are compared with field observations in Figures 3-3.

Figures 3-3 show that the model results are much improved, though they are still lower
than observed salinities. Particularly, the model calculated salinity at station M6 (Fig. 3-3 (a))
starts to decrease sharply around Julian day 230, in response to a big runoff event predicted by
BasinSim due to a rainfall event in September. However the field data indicate that salinity at the
station started to decrease at a later date and the decrease is not as pronounced. This may result
from overestimation of runoff by the watershed model as well as the interpolation of monthly
tflows. There is a mismatch of time scales between the tidal prism model and the watershed
model. Figures 3-3 also indicate that the model results for Cockrell Creek agree with
observazions much better than those in the mainstem Great Wicomico River. The slight under
prediction by the model in Cockrell Creek may be attributed to the under prediction at its mouth
in the mainstem. The fact that the precipitation data required for the BasinSim input was
measured at Reedsville in the Cockrell Creek sub-basin may explain the better simulation there.
It is uncertain whether the precipitation data is representative of the upper Great Wicomico
watershed, which contributes the most runoff to the mainstem of the river. Because of the
uncertainty in the stream flows calculated by the watershed model, the eutrophication portion of

the TPWQM was not calibrated.
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Table 3-1. Geometric and Tidal Prism Data of Model Segments

Segment Distance from | Volume at High | Tidal Prism Depth at Mean
Number River Mouth Tide Tide
(km) (10°m’) (10°m’) (m)

1 8.168

) 0.84 7.833 7.120 3.21

3 - 1.70 7.120 5:505 3.19

4 2.74 5.558 4.705 3.33

5 3.34 4,736 4315 4.70

6 4.21 4.340 3.868 419

7 5.37 3.883 3.382 3.64

8 6.30 3.421 3.031 3.87

9 6.95 3.036 2.805 4.44

10 7.63 2.823 2.569 433

11 8.42 2.575 2.288 4.07

12 9.25 2.310 1.968 3.83

13 9.92 1.974 1.708 383

14 10.92 1.722 1.398 3.03

15 TLES 1.414 1.137 2.56

16 12.44 1.151 0.928 2.31

17 13.16 0.941 0.754 1.88

18 13.81 0.759 0.616 1.83

19 14.43 0.624 0.506 1.79

20 15.03 0.508 0.407 1.59

71 15.82 0.408 0.296 1.09

22 17.12 0.458 0.079 0.80

33 18.42 0.149 0.000 0.48
Branch #1 Harveys Creek

1 0.112

2 0.92 0.250 0.047 1.33

3 1.84 0.247 0.000 133

Branch #2 Tewles Creek

1 0.023

5 0.37 0.024 0.011 0.47

3 0.69 0.021 0.000 0.47
Branch #3 Cockrell Creek

1 - - 1.072 e

2 0.46 1.094 0.945 2.76

3 0.86 0.951 0.836 2.76

4 1.22 0.816 0.727 2.76

Siile bratieh 0.100 0.030 1.00

5 1.81 0.738 - 0.642 245

6 247 0.647 0.553 2.30
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7 3.40 0.653 0.323 1:31
side branch 0.500 0.100 1.20

Q 4.50 0.540 0.200 1.31

9 7 570 0.800 0.000 1.31
Branch #4 Cranes Creek

1 0.344

2 0.38 0.350 0.289 2.00

3 1.20 0.733 0.150 152

4 2.53 0.700 0.000 1.52
Branch #5 Reason Creek

1 s - 0.107 -

£ 0.92 0.484 0.000 1.39
Branch #6 Whays Creek

1 --- - 0.125 -

2 043 0.125 0.097 1.39

3 1.33 0.218 0.052 1.39

4 1.93 0.436 0.000 1.39
Branch #7 Gougher Creek

1 - - 0.073 -

2l 1.01 0.327 0.000 1.394
Branch #8 Warehouse Creek

1 - --- 0.099 -

9 0.48 0.101 0.071 1.09

3 0.83 0.073 0.051 1.09

4 1.70 0.182 0.000 1.09
Branch #9 Hom Harbor Creek

1 - - 0.066 -

o) 0.45 0.067 0.041 0.79

3 1.20 0.151 0.000 1.26
Branch #10 Barrett Creek

1 - - 0.125 -

2 0.60 0.300 0.062 1.40

3 148 0.546 0.000 1.40
Branch #11 Tipers Creek

1 --- --- 0.124 =

2 0.47 0.124 0.092 1.25

3 0.82 0.092 0.069 125

4 1.84 0.269 0.000 1.25
Branch #12 Coles Creek

1 - --- 0.033 -

) 1.06 0.189 0.000 1.25
Branch #13 Balls Creek

1 - - 0.185 -

2 0.90 0.310 0.090 1.40
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3 | 1.89 | 0.300 0.000 | 1.40
Branch #14 Betts Mill Creek

1 0.098

2 0.53 0.099 0.060 0.80

3 1.38 0.159 0.000 0.80
Branch #15 Black Wells Creek

1 = - 0.026 —

2 - 0.46 0.053 0.000 0.59
Branch #16 Crabbe Mill Creek

1 0.088

9) 0.78 0.088 0.038 0.50

3 1.38 0.068 0.000 0.50
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Segmentation of the Great Wicomico River for tidal prism model application



Fig. 3-2. Comparisons of observed saliity data (+) with model results (solid line) using
total stream flows predicted by BasinSim.

(a), (b). Temporal variations at station M6 (in mainstream GWR) and C4 (in
Cockrell Creek)

(¢} - (p). Spatial distributions in the Great Wicomico River and Cockrell Creek
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Fig. 3-3. Comparisons of observed salinity data (+) with model results (solid line) using
only the surface runoff predicted by BasinSim.

(a), (b). Temporal variations at station M6 (in mainstream GWR) and C4 (in
Cockrell Creek)

(c) - (p). Spatial distributions in the Great Wicomico River and Cockrell Creek
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1v. Summary and Conclusion

The watershed model BasinSim was applied to the Great Wicomico River basin of
Virginié.. The watershed was divided into 15 sub-basins and the model was applied to each. The
model was calibrated with the only available stream flow data measured by USGS at the gauging
station in the Bush Mill Stream during the period 1971-1985. Since the closest precipitation data
during the same period is at Warsaw, Virginia, it was used for model input. The model was then
used to generate stream flow, and nutrient and sediment loads for the period March 1998 to
March 2000, using a precipitation recorc} provided by a private citizen near Reedsville, VA. The
overall average total nitrogen and total Phosphorus concentrations calculated by the model
compared satisfactorily with field measurements. However the model over predicted suspended

sediment concentrations.

The watershed model BasinSim was coupled with the tidal prism water quality
(TPWQM) to simulate the water quality conditions in the Great Wicomico River for the period
February 1999 to March 2000. The model calculated salinity levels in the river are much lower
than the observed data. No adjustment of model calibration parameter could rectify the
discrepancy. A sensitivity run was conducted assuming that the groundwater portion of flow
computed by BasinSim does not contribute to the freshwater input to the Great Wicomico River.
Although the model predicted salinity agrees much better with field observation, there are still
two unresolved problems. Firstly, BasinSim calculates monthly average stream flow and
TPWQM operates in a time scale of tidal cycle. The coupled m(;dels can not be expected to
simulate the day to day Qan'ation in salinity. Secondly, even considering the surface runoff
alone, the freshwater input calculated by BasinSim still over dilutes the salinity in the river
during the period of extreme heavy rainfall. It is not certain whether the location of precipitation
measurement, skewed to the downriver end of watershed, contributes to this discrepéncy. For

further model calibration, it is recommended that at least a rain gauge be established at the
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upriver side of the watershed. Stream flow, as well as nutrient and sediment concentrations,
should be continuously monitored during runoff events. Furthermore, an investigation of the

b

groundwater contribution should be conducted.
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