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Objectives and tasks

» Goal: to develop and calibrate a high-resolution
hydrodynamic-water quality model for the
Rappahannock River, which can investigate and assess

the water quality of the river.

Specifically, we aim to use the model to forecast the
potential risks to TMDL due to climate change by the
year 2035.




Progress

» Completed hydrodynamics model
calibration (Task 4)

» Continue working on model linkage
between MBM and TM (Task 2-3)

orking on water quality model
ration (Task 4)

» Completed revision of model grid (Task 1)
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Chl a and DO distribution

Spring Chl -a (surface) Spring DO (surface)

Spring Spring
o 12 4
3 51
El E
5 8 10
L1} @
<3 g
il
£ :{ }: £ 94
K% w
5 1
—20 T T T T T T T _I_ T T T T T T T T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1 TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Spring Spring
25 4 1
= 20+ < 101
o
g £
= 15 o 9
U [a]
£ 10 E 81
b= £
@ 2 77 1
54
6
04 4
r T T T r T r T r T r r T . T T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1 TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Summer Summer
40
ummer ajsuriace 2 ummer suritace
=3 3
2 E 8
=
U 20 2
ke W
g Y 74
o
£ £
2 10 5
w &
*
04
T T T T T T T T T T T T T T 51 T T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1 TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Summer Summer
6 - T 8 -
] t b
= = 6
N g
z £
5, 2.,
£
S £
£ 2 2
Q k=
@ g,
' Summer DO (bottom)
0 4
T T T T T T T T T T T T T T 0
T T T T T T T T T T — T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1 TF3.1 TE3.1A TF3.1B TF3.2 TF3.2A TF33 RET3.2 RET3.1 LE3.1 LE3.2 e e LE3.6E CB6.1




Surface DIN (mg/l) Bottom DIN (mg/l) Surface DIN (mg/l}

Bottom DIN (mg/l)

DINaand P

Spring DIN (surface)

Spring
0.0 I I
T T T T r T r r T T T T r T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Spring
0.8
0.6
0.4
0.2 { I
0.04 I I
T T T T r T T T T T T T r T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Summer
0.8
Summer DIN (surface)
0.4
0.2
0.0 4 } I I I I [ I 3
T T T T r T T T T T T T r T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1
Summer
0.8
0.6
0.4
t t )
0.0 I I I I I
T T T T r T T T T T T T r T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer DIN (surface)

O4 distribution

Spring PO4 (surface)

Spring

0.04 4

0.03

0.02 4

0.01 4

0.00

Surface PO4 (mg/l)

—0.01 4

T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Spring

0.03

0.02 q

0.01 4

0.00

Bottom PO4 (mg/l)

—0.01 +

T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer

0.03 4

0.02 1

Surface PO4 (mg/l}

0.014

0.00 1

Summer PO4 (surface)

Pt I t I

T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer

0.03 4

e

o

]
L

0.01 4

Bottom PO4 (mg/l)

0.00 4

oy f1t

T T T T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer POC (bottom)




Surface DOC (mg/l) Bottom DOC (mg/l) Surface DOC (mg/l)

Bottom DOC (mafl)

DOC and DO distribution

Spring DOC (surface)

Spring

2.01

t

f

TF31  TF3AA

TF3.16

TF32  TF32A TF33  RET32  RET3L  LE3L LE3.2 LE3.3 lE34  LE3.6E  CB6.1

Spring

4.5 1

4.0

359

3.01

2.59

2.01

L3

f

T T
TF3.1 TF3.1A

T
TF3.1B

T T T T T T T T T T T
TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer

5.5 4
5.0 4
4.5+
4.0 4
354
3.04
2.59

2.04

T Summer DOC (surface)

bos

T T
TF3.1 TF3.1A

T
TF3.1B

T T T T T T T T T
TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Summer

554
5.0 4
4.5 1
4.0
354
3.0

2.5

2.0+

Summer DOC (bottom)
! t i
t

T T
TF3.1 TF3.1A

\\

T
TF3.1B

T T T T T T T T T T
TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2 LE3.3 LE3.4 LE3.6E CB6.1

Spring DO (surface)

Spring

12 4

114

10 4

Surface DO (mg/l)

T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2

Spring

T T
LE3.6E CB6.1

11 4

10 4

Bottem DO (mg/l)

T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2

Summer

T
LE3.3

T
LE3.4

T T
LE3.6E CB6.1

Surface DO (mg/l)

Summer DO (surface)

T T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2

Summer

T
LE3.3

T
LE3.4

T T
LE3.6E CB6.1

Bottom DO (mg/l)
IS

~

by !

Summer DO (bottom)

—

T T T T T T T T T
TF3.1 TF3.1A TF3.1B TF3.2 TF3.2A TF3.3 RET3.2 RET3.1 LE3.1 LE3.2

T
LE3.3

T
LE3.4

T T
LE3.6E CB6.1



Model linkage between MBM and
Rappahannock River model

» Use MBM hourly model results to » Canrun both coupled and de-
forcing fributary model (TM) coupled modes
= Hydrodynamic model = Run TM hydrological model and
= Water quality model save dynamics fields
» Use same discharge and loading = Run water quality model using
for both model decouple model

MBM model results - Linkage tool - Tributary Model
(hourly results) 4
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Preliminary Model Results (using same parameters as MBM)
Stations TF3.0 and TF3.1
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Station TF3.1A and TF3.2
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Stations RET3.1 and RET3.2
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Stations
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Summary

Completed revision of model grid and conducted model calibration of hydrodynamics
(surface elevation, salinity, and temperature). Model results are satisfactory

» Start working on model linkage. We will test it and complete it in our next phase of the
study

» We conducted preliminary water quality model calibration using the same parameters as
MBM and |loadings. Some problems are identified

ears that nitrogen loading is not enough in the upper stream

l-a are not simulated well in upper stream and downstream

In general DO is overestimated
It appears that using local specific parameters are needed to improve model results

Downstream boundary condition of water quality state variables has an influence on the River,
such as DO
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