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1. Introduction

Previously the VIMS modeling group has studied the impact of channel deepening on the water quality
in lower James River, including Norfolk Harbor and Elizabeth River. A study of the response of the
water quality to future Sea Level Change (SLC) is required by present USACE guidance (ER 1100-2-
8162 and ETL 1100-2-1). ETL 1100-2-1 recommends analyzing the effects of SLC on the projects at
three future time periods of post-construction, including 20 years, 50 years, and 100 years. The future
change of sea level is mainly caused by the sea level rise (SLR) in this region. This document provides
results for water quality model simulations with future SLR to assess the impact of SLR on change of
water quality in the lower James River.

Since the rate of future SLR is unknown, the USACE guidance specifies that the evaluation should
consider the three different SLR curves (low, intermediate, and high) included in the USACE’s online
SLR calculator. Fig. 1 shows the high (red), intermediate (green) and low (blue) SLR curves from the
USACE calculator, along with markers representing values projected by VIMS in a 2013 study of
recurrent flooding in Virginia. The figure includes nine yellow “x”’s indicating the SLR values at the
three future time periods at each of the three curves. Through the course of several PDT meetings a
recommendation is developed to model the effects of a single future SLR value of 3.3 feet to represent
a value indicative of a 50-year high level, 100-year intermediate level, and a +100-year low level, as
suggested by Fig. 1-1.

Selecting a single water level allows the use of a manageable number of additional hydrodynamic and
water quality modeling scenarios (four simulations) to represent the range of effects of SLR that would
be projected to occur within the Project’s design life. Altogether, four simulations will be added to the
eight (8) physical scenarios already being modeled by VIMS. As SLR is not considered a high risk
parameter in the plan selection or in evaluating the cumulative project impact, a decision was made to
model a single water level.

This document provides model results and key findings related to environment assessment,
particularly, changes of dissolved oxygen and flushing capacity due to SLR. For detailed model
descriptions of hydrodynamic and water quality models and model calibration and verification,
readers are referred to a project report submitted earlier (Shen et al., 2017).
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Figure 1-1: Sea Level Rise curves with markers (yellow “x”s) at 20-, 50- and 100-year time
periods.

2. Approach

2.1 Model Configuration

For the present study, the refined model grids used for the channel deepening project (Shen et al.,
2017) were used with respect to different channel deepening scenarios. An example of the model
grid of the Elizabeth River is shown in Figure 2-1. Model simulations span the period from
October 2009 until the end of 2013.

The water quality state variables are forced by the observation data measured at VADEQ Station
LES5.5 (Fig. 3-1). This station is located near the northern part of the James, which represents the
input of water quality conditions from the Bay. The model calibration results suggest that using
measurements at this station as the open boundary condition is adequate for the model
simulations. Daily freshwater and nutrient loadings at the fall line and below the fall line were
provided by the DEQ watershed model (developed by Tetra Tech Inc.), which outputs daily
flow, nitrogen (particulate organic nitrogen, ammonium, and nitrate) and phosphorus (particulate
phosphorus and phosphate), carbon (particulate organic carbon and dissolved organic carbon).
The point sources in the James River watershed below Richmond are also included and
discharged to the James River. Hourly solar radiation, atmospheric pressure, wet and dry



temperature, and wind data obtained at Norfolk Airport were used for the surface fluxes and
wind forcing at the model surface. For each scenario run, the water quality boundary condition
and freshwater discharge are unchanged.

To accurately apply the open boundary condition to the model, the model boundary conditions,
including hourly tide, salinity, and temperature at the mouth of the James, were provided by the
SCHISM model. The SCHISM model encompasses the entire Chesapeake Bay out to an open
boundary extended further outside of the Bay mouth. The hydrodynamic simulations were
conducted by the same SCHISM model applied in the channel deepening project (Zhang et al.,
2017). The SLR of 1.0 m was applied to the Chesapeake Bay. The SLR was incorporated into the
model via a uniform change in the initial water depths as 1.0 m SLR is relatively low compared
to the depth and the water level adjustment can reach equilibrium quickly. An alternative
approach is to apply the SLR as a boundary condition outside of the Bay, and a dynamic
equilibrium will be established after a sufficiently long spin-up period. Previous studies (e.g.,
Hong and Shen, 2012; Chen et al., 2016) and our own experience suggest that 6 months of spin-
up is sufficient, and the results are very similar to those from the first approach, which requires a
much shorter spin-up period (Liu et al., 2017). The SLR at the James River is very close to 1.0 m
as it close to the Bay mouth.

To evaluate the impact of the change of hydrodynamic conditions due to SLR and its impact on
water quality in the James River and Elizabeth River, transport timescales, including freshwater
age, saltwater age, and renewal time, were computed and compared. Freshwater age is the
timescale for freshwater transport. The saltwater age measures the movement of salinity
intrusion, and the renewal time measures the overall flushing of the system. Detailed descriptions
of these methods and simulations of these timescales are provided in Shen et al. (2017).
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Figure 2-1: Model grid of existing condition near the mouth of James River and
Elizabeth River



2.2 Existing Condition, Future Condition, and Scenarios

The Baseline 2 scenario (Table 2-1) is referred to as “future without project.” This baseline
scenario is to include CIEE and NIT Piers as the future condition. According to the previous and
current studies of the impact of the 3™ Crossing on the James and Elizabeth River, the impact of
the 3™ Crossing is observed very locally and both minor changes of velocity and salinity occur
only near the bridge pier within a couple of hundred meters. It will not affect vertical
stratification of DO, nor the gravitational circulation (Shen et al., 2017, Appendix A). Therefore,
the impact of the 3" Crossing is not included in this study. A detailed description for each
scenario is listed in Table 2-1. There are three design cases for channel deepening, which are
referred to as the deepened NH channel, the deepened SB channel, and the deepened NH & SB
channels. Each scenario case is evaluated against future condition Baseline 2.

Table 2-1: Description of the Scenarios

Norfolk So Branch

Scenario Description Harbor Deepened
Deepened
Future without-project
Baseline 2 - Includes consideration of: No No
Future Without e  CBBT—TSC parallel tunnel
Project e  HRBT - parallel tunnel
Conditions e  3rdCrossing/ Patriots Crossing
e NIT Piers 1 and 2 removed, with dredged area to -
50’

e  CIEE full build out
Note: VIMS will provide memo/input detailing how above is
being taken into consideration.

3-2 Future Conditions with deepened NH channel Yes No
With Project Scenario that includes a deepening of the
Norfolk Harbor and Channels without the So Branch of the
Elizabeth River deepened, using future conditions noted in
Run 2.

4-2 Future Conditions with deepened SB Channel No Yes
With Project Scenario that includes a deepening of the So
Branch of the Elizabeth River without the Norfolk Harbor
deepened, using future conditions noted in Run 2.

5-2 Future Conditions with deepened NH & SB Channel Yes Yes
With Project Scenario that includes a deepening of both the
So Branch of the Elizabeth River and the Norfolk Harbor,
using future conditions noted in Run 2.

Baseline 2- Future without-project (SLR 3.3 feet) No No
Baseline2-SLR
3-2-SLR Future Conditions with deepened NH channel (SLR 3.3 feet) Yes No
4-2-SLR Future Conditions with deepened SB No Yes
Channel (SLR 3.3 feet)
5-2-SLR Future Conditions with deepened NH Yes Yes

& SB Channel (SLR 3.3 feet)




3. Model Results of DO

Model simulation results are presented for each scenario. We compare the difference between
each scenario and the baseline conditions with respect to different scenarios of channel
deepening. Statistics in spring (March-May) and summer (July-September) are presented as a
comparison. Comparisons of the model result for each scenario and baseline condition are
conducted at selected VADEQ monitoring stations. As all changes of bathymetry are located in
the lower James and Elizabeth Rivers, the impact is expected to only occur in the lower James
and Elizabeth Rivers. Therefore, we only compare the difference for the stations located in the
lower James and the Elizabeth Rivers. The locations of observation stations are shown in Figure
3-1. Model results at stations encircled in Figure 3-1 will be included in the statistics and
presented in figures. Time series plots at other stations are included in Appendix A.
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Figure 3-1: VADEQ Water quality monitoring stations (Circles are stations, for which
results are shown in this report)



3.1 Baseline 2 and Baseline 2-SLR

The model simulations of the future condition and the scenario of sea-level rise (SLR) are
conducted. The simulations are referred to as Baseline 2 (future condition) and Baseline 2-SLR
(with SLR, Table 2-1). The future condition includes NIT Piers 1 and 2 removed, with an area
dredged to -50°, and the CIEE fully built-out, and the 3" Crossing. Because the 3™ Crossing has
only very localized impact and does not affect any far-field circulation and stratification, it will
not be implicitly simulated. The access channel is dredged to the same depth as the channel. The
designing is to ensure the cross-section near the Elizabeth River mouth maintains the same area
before and after CIEE modification. The reduced portion of the area near the shore is added to
the channel. Baseline 2-SLR use same geometry as Baseline only replacing the boundary
condition with SLR of 1.0 m.

Summaries of DO statistics for the mean and bottom layers for spring (March to May) and
summer (July to September), respectively, are listed in Tables 3-1-1 and 3-1-2. The largest
change of DO during spring is less than 0.47 mg/L and the largest percentage change is less than
6.5%. The largest change occurred at Stations SBE5 and WBEL. During the summer period,
relatively larger changes of DO occurred at Station LFO1, which is 0.43 mg/L. It can be seen that
the maximum reductions of DO are about 0.55 and 0.43 mg/L at Station WBE1 during spring
and LFO1 during summer, respectively. The largest percent change occurs at Station SBE5
during summer, which is about 11.3% at the bottom and the DO decrease is about 0.34 mg/L. In
general, DO decreases with SLR. The cause of the decrease of DO is mainly due to the increased
water depth resulting in a decrease of vertical mixing.

Comparisons of the two baseline conditions are shown in Figures 3-1-2 to 3-1-4 for selected
sections at LE5-4, ELI12, and SBES. The plots for other stations are shown in Appendix A. There
is very little change in the James River (LE5-4). Relatively larger changes of DO occurred at
Stations ELI2 and SBES5. The averaged DO change is less than 4%. The change during spring is
larger compared to summer for DO when spring runoff is higher. Note that a large change
occurring during the spring period at Station SBE5 will not cause a problem as DO is high
during the spring period. There are no obvious changes for algae, DIN, and DIP in the Lower
James River. It appears that Chl-a concentration increases slightly in the Elizabeth River at
Stations ELI2 and SBES5, while DIN and DIP both decrease during spring due to increased
uptake by algae.



Table 3-1-1: Comparison of Baseline 2 and Baseline 2-SLR DO Results in Spring

Baseline 2 Baseline 2-SLR Difference
(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom | Mean Bottom | Mean | Bottom
LE5-3 | 7.36 7.14 7.15 6.86 -0.22 -0.28 | -2.92 -3.98
LE5-4 | 7.08 6.92 6.90 6.76 -0.18 -0.17 -2.5 -2.42
LE5-6 | 6.90 6.01 6.84 5.74 -0.06 -0.27 | -0.82 -4.56
ELI2 8.18 7.60 8.33 7.46 0.15 -0.14 1.89 -1.83
SBE2 | 6.48 5.37 6.68 5.48 0.20 0.10 3.12 1.92
SBE5 | 6.35 5.38 6.07 5.06 -0.28 -0.32 | -4.38 -5.99
LFAO1 | 8.14 7.98 8.37 7.95 0.23 -0.02 2.87 -0.28
WBE1 | 7.70 7.3 7.15 6.83 -0.55 -0.47 | -7.12 -6.43
EBE1 | 6.62 5.61 7.04 5.82 0.43 0.22 6.42 3.85

Table 3-1-2: Comparison of Baseline 2 and Baseline2-SLR DO Results in Summer

Baseline 1 Baseline 2 Difference
(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean Bottom | Mean | Bottom
LE5-3 | 5.83 5.55 5.63 5.24 -0.2 -0.32 | -3.44 -5.68
LE5-4 | 5.32 5.08 5.12 4.89 -0.2 -0.19 | -3.74 -3.7
LE5-6 | 4.81 3.8 4.67 3.48 -0.14 -0.32 | -2.90 -8.33
ELI2 6.12 5.28 6.10 4,94 -0.02 -0.34 | -0.28 -6.52
SBE2 | 4.29 3.02 4.53 3.11 0.23 0.09 5.45 3.03
SBE5 | 4.12 2.99 3.95 2.66 -0.17 -0.34 | 410 | -11.29
LFAO1 | 6.37 6.07 6.26 5.64 -0.12 -0.43 | -1.82 -7.03
WBE1 | 6.12 5.54 5.77 5.28 -0.34 -0.26 | -5.62 -4.7
EBE1 | 4.39 3.22 4.78 3.34 0.39 0.12 8.98 3.7
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Figure 3-1-2: Comparison of Baseline 2 and Sea-Level Rise Results at Station LE5-4
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3.2 Model Scenarios 3-2 and 3-2-SLR

The scenarios are used to examine the change due to the SLR under Future Conditions with
deepened NH channel (see Table 2-1).

Summaries of DO statistics for the mean and bottom layers for spring (March to May) and
summer (July to September), respectively, are listed in Tables 3-2-1 and 3-2-2. There is a slight
change in the James River (LE5-3). Relatively larger changes of DO occurred at Stations LE5-6,
WBEL, and LFAOQ1. It can be seen that the maximum reductions of DO are about 0.46 and 0.71
mg/L at Station LFAO1during spring and summer, respectively. Changes are less than 11.3% at
the bottom in summer.

Comparisons of the two scenario simulations are shown in Figures 3-2-1 to 3-2-3 for selected
sections at LE5-4, ELI2, and SBE5. The plots for other stations are shown in Appendix A. There
is a slight change in the James River (LE5-4). Relatively larger changes of DO occurred at
Stations ELI2 and SBES. The averaged change is less than 2% and the DO change is less than
1.0 mg/L during spring. The change during summer is less compared to that during spring when
runoff is higher (Fig. 3-2-3). Note that a large change that occurred during the spring period at
Station SBES5 will not cause a problem as DO is high during spring. The decrease of DO during
summer is more important. Large changes of Chl-a and DIN occurred at Station ELI2, and mean
differences were about 10% and 19%, respectively. However, the mean difference of DO at
Station ELI2 is about 1.3%. Mean differences of Chl-a and DIN at Station SBE5 are about 7%
and 8%, respectively.

Table 3-2-1: Comparison of Scenario 3-2 and Scenario 3-2-SLR DO results in spring

Baseline 3-2 Baseline 3-2-SLR Difference

(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean Bottom | Mean | Bottom
LE5-3 | 7.35 7.16 7.14 6.86 -0.21 -0.3 -2.85 -4.22
LE5-4 | 7.05 6.91 6.91 6.77 -0.13 -0.14 | -1.89 -2.03
LE5-6 6.9 5.99 6.81 5.72 -0.09 -0.27 | -1.33 -4.5
ELI2 8.25 7.69 8.27 7.39 0.02 -0.3 0.26 -3.95
SBE?2 6.4 5.38 6.75 551 0.35 0.13 55 2.43
SBE5 | 6.14 5.25 6.14 5.14 -0.01 -0.11 | -0.08 -2.13
LFAO1 | 8.42 8.28 8.22 7.82 -0.2 -0.46 | -2.38 -5.55
WBE1 | 7.58 7.21 7.19 6.88 -0.39 -0.33 | -5.11 -4.63
EBE1 | 6.59 5.64 7.09 5.84 0.5 0.2 7.65 3.49
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Table 3-2-2: Comparison of Scenario 3-2 and Scenario 3-2-SLR DO results in summer

Baseline 3-2 Baseline 3-2-SLR Difference
(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean | Bottom | Mean | Bottom
LE5-3 5.8 5.53 5.61 5.22 -0.19 -0.31 | -3.24 -5.67
LE5-4 | 5.26 5.01 5.09 4.84 -0.17 -0.17 | -3.31 -3.38
LE5-6 | 4.76 3.64 4.62 3.41 -0.14 -0.23 | -2.94 -6.3
ELI2 6.17 5.32 6.06 4.89 -0.11 -0.43 | -1.79 -8.1
SBE2 | 4.26 3.04 4.6 3.16 0.34 0.12 7.98 3.78
SBE5 | 3.98 2.93 4 2.71 0.02 -0.22 0.45 -71.37
LFAO1 | 6.58 6.28 6.17 5.57 -0.41 -0.71 | -6.22 | -11.28
WBE1 | 5.99 5.45 5.81 5.32 -0.18 -0.13 | -3.02 -2.39
EBE1 | 4.38 3.24 4.84 3.37 0.45 0.13 10.33 3.98
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Figure 3-2-2: Comparison of Scenario 3-2 and Scenario 3-2-SLR Results at Station ELI12
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Figure 3-2-3: Comparison of Scenario 3-2 and Scenario 3-2-SLR Results at Station SBE5
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3.3 Model Scenarios 4-2 and 4-2-SLR

These scenarios are simulated to examine the change due to the deepening of the ERSB channel
and to compare to the scenario of SLR by 1.0 meter (Table 2-1).

Summaries of DO statistics for the mean and bottom layers for spring (March to May) and
summer (July to September), respectively, are listed in Tables 3-3-1 and 3-3-2. There is a slight
change in the James River (LE5-4). Relatively larger changes of DO occurred at Stations LE5-6,
LFAO1, and WBEL. The maximum reductions of DO are about 0.56 and 0.58 mg/L at Stations
WBEL1 and LFAO1 during spring and summer, respectively. Changes are less than 10% at the
bottom. The DO has less than a 9% decrease at Station LFAO0L, which is located inside the
Lafayette River.

Comparisons of the two simulations are shown in Figures 3-3-1 to 3-3-3 for selected sections at
LE5-4, ELI2, and SBES5. The plots for other stations are shown in Appendix A. There is little
change in the James River (LE5-4). Relatively larger changes of DO occurred at Stations ELI2
and SBE-5. The averaged change of DO is less than 3%. The change during summer is even
smaller compared to spring when runoff is higher. Note that a large change occurred during the
spring period at Station SBE5. However, DO is high during the spring period. The average
change of Chl-a ranges from 4% to 12%. A large change occurs at Station ELI2. Chl-a
concentration increases. About a 17% decrease of DIN was observed at ELI2 as more uptake
occurred at this station.

Table 3-3-1: Comparison of Scenario 4-2 and Scenario 4-2-SLR DO Results in Spring

Baseline 4-2 Baseline 4-2-SLR Difference
(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean Bottom | Mean | Bottom
LE5-3 | 7.38 7.19 7.15 6.86 -0.23 -0.33 | -3.16 -4.57
LE5-4 | 7.09 6.95 6.89 6.74 -0.2 -0.21 | -2.83 -3.08
LE5-6 | 6.91 6.07 6.84 5.74 -0.07 -0.33 | -1.05 -5.46
ELI2 8.17 7.63 8.33 7.48 0.16 -0.16 1.99 -2.03
SBE2 | 6.25 5.16 6.61 5.26 0.36 0.1 5.72 2
SBE5 | 5.91 4.83 6.12 4.88 0.21 0.05 3.56 1.05
LFAO1 | 8.29 8.14 8.28 7.87 -0.01 -0.27 | -0.09 -3.3
WBE1 | 7.73 7.36 7.1 6.8 -0.63 -0.56 | -8.18 -7.64
EBE1 6.5 5.53 6.99 5.68 0.5 0.15 7.65 2.74
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Table 3-3-2: Comparison of Scenario 4-2 and Scenario 4-2-SLR DO Results in Summer

Baseline 4-2 Baseline 4-2-SLR Difference

(mg/L) (mg/L) (mg/L) % difference

Station | Mean | Bottom | Mean | Bottom Mean | Bottom | Mean | Bottom
LE5-3 | 5.83 5.57 5.63 5.24 -0.2 -0.32 | -3.39 -5.83
LE5-4 | 5.32 5.09 5.12 4.89 -0.2 -0.2 -3.8 -3.99
LE5-6 | 4.85 3.82 4.69 3.51 -0.16 -0.32 | -3.24 -8.25
ELI2 6.14 5.34 6.11 4,96 -0.03 -0.37 | -0.45 -6.97
SBE2 | 4.06 2.81 4.37 2.87 0.31 0.06 7.64 2.28
SBE5 | 3.71 2.46 3.87 2.33 0.16 -0.13 4.38 -5.25
LFAOLl | 6.48 6.19 6.21 5.61 -0.27 -0.58 | -4.21 -9.44
WBE1 | 6.12 5.55 5.73 5.27 -0.39 -0.29 | -6.34 -5.17
EBE1 4.3 3.15 4.69 3.19 0.39 0.04 9.11 1.24
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Figure 3-3-1: Comparison of Scenario 4-2 and Scenario 4-2-SLR Results at Station LE5-4
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Figure 3-3-2: Comparison of Scenario 4-2 and Scenario 4-2-SLR Results at Station ELI2
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Figure 3-3-3: Comparison of Scenario 4-2 and Scenario 4-2-SLR Results at Station SBE5
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3.4 Model Scenarios 5-2 and 5-2-SLR

These scenarios are simulated to examine the change due to channel deepening of James River
and Elizabeth River with NHC channels and to compare to the scenario of sea-level rise by 1.0
meter (Table 2-1).

Summaries of DO statistics for the mean and bottom layers for spring (March to May) and
summer (July to September), respectively, are listed in Tables 3-4-1 and 3-4-2. There is a slight
change in the James River (LE5-4). Relatively larger changes of DO occurred at Stations LE5-6
and WBEL, while there was a slight increase at Station SBES5. It can be seen that the maximum
reductions of DO were about 0.59 and 0.78 mg/L at Station LFAQO1 during spring and summer,
respectively. Changes were less than 12.4% at the bottom during the summer at the Station
LFAOQ1, which is located inside the Lafayette River.

Comparisons of the two simulations are shown in Figures 3-4-1 to 3-4-3 for selected sections at
LE5-4, ELI-2, and SBE-5. The plots for other stations are shown in Appendix A. There is a
slight change in the James River (LE5-4). Relatively larger changes of DO occurred at Stations
ELI2 and SBES5. The averaged change is less than 6% and the DO change is less than 0.5 mg/L
during summer. The change during summer is even smaller compared to that during spring when
runoff is higher. However, DO is high during the spring period. The chl-a concentration
increases at Station ELI2 by about 10%. The DIN decrease at the same station is about 16%, but
the DIP only decreases by about 2%.

Table 3-4-1: Comparison of Scenario 5-2 and Scenario 5-2-SLR DO Results in Spring

Baseline 5-2 Baseline 5-2-SLR Difference

(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean Bottom | Mean | Bottom
LE5-3 | 7.35 7.16 7.14 6.85 -0.21 -0.31 | -2.85 -4.3
LE5-4 | 7.05 6.91 6.9 6.74 -0.15 -0.17 | -2.16 -2.43
LE5-6 | 6.91 6.01 6.81 571 -0.1 -0.3 -1.39 -5.02
ELI2 8.24 7.69 8.28 7.41 0.05 -0.28 0.55 -3.58

SBE2 | 6.19 5.12 6.67 5.28 0.48 0.17 7.69 3.3
SBE5 | 5.75 4.7 6.17 4,94 0.42 0.24 7.29 5.09
LFAO1 | 8.49 8.35 8.16 7.76 -0.34 -0.59 | -3.97 -7.09
WBE1l | 7.6 7.24 7.13 6.83 -0.47 -0.41 | -6.16 -5.67

EBE1 6.4 5.44 6.96 5.61 0.55 0.17 8.61 3.2
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Table 3-4-2: Comparison of Scenario 5-2 and Scenario 5-2-SLR DO Results in Summer

Baseline 5-2 Baseline 5-2-SLR Difference
(mg/L) (mg/L) (mg/L) % difference
Station | Mean | Bottom | Mean | Bottom Mean | Bottom | Mean | Bottom
LE5-3 | 5.8 5.53 5.61 5.22 -0.19 -0.31 | -3.22 -5.62
LE5-4 | 5.26 5.01 5.07 4.82 -0.19 -0.2 -3.69 -3.91
LE5-6 | 4.77 3.67 4.62 3.41 -0.15 -0.26 | -3.12 -7.19
ELI2 6.16 5.33 6.07 4,92 -0.09 -0.41 -1.4 -7.78
SBE2 | 4.01 2.76 4.43 2.9 0.42 0.14 | 10.54 4,92
SBE5 | 3.61 2.39 3.92 2.38 0.31 -0.01 8.52 -0.49
LFAO1 | 6.63 6.33 6.13 5.55 -0.5 -0.78 -7.5 -12.39
WBE1 | 6.03 5.5 5.77 5.32 -0.27 -0.18 | -4.41 -3.23
EBE1 | 4.18 3.03 4.65 3.14 0.47 0.1 11.13 3.33
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Figure 3-4-1: Comparison of Scenario 5-2 and Scenario 5-2-SLR Results at Station LE5-4
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Figure 3-4-2: Comparison of Scenario 5-2 and Scenario 5-2-SLR Results at Station ELI2
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Figure 3-4-3: Comparison of Scenario 5-2 and Scenario 5-2-SLR Results at Station SBE5
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4. Transport Time

4.1. Baseline 2 and Baseline 2-SLR

Three timescales, namely freshwater age, saltwater age, and renewal time, are examined and
their differences are compared. We compared the difference of daily vertical mean age for each
timescale at each location for a period of three years. The spatial distributions between Baseline
2 (future condition) and Baseline 2-SLR are compared. Spatial plots of the mean for the
difference of each timescale are shown in Figures 4-1-1 for freshwater age, in Figure 4-1-2 for
saltwater age, and in Figure 4-1-3 for renewal time.

The freshwater age indicates the change of freshwater movement. A decrease of freshwater age
indicates that pollutants discharged into the estuary can be more quickly transported out of the
estuary. It can be seen that the age increases to about 5 days in the lower James and 0.2-2 days in
the lower Elizabeth River. Less increase occurs in the upstream of the Elizabeth River. As sea-
level increases, the volume of the waterbody increases and affects the water age.

The saltwater age indicates the change of saltwater movement. When the saltwater age
decreases, it shows the clean water from outside of estuary can be quickly transported to the
estuary. It also indicates that it has less time for oxygen near the bottom layer to be consumed. It
can be seen that the age decreased in the channel of the mesohaline region of the James River
and decreases in the Elizabeth River, where a decrease of 2 days can be observed. However, a
large increase (~2 days) occurs in the upper Lafayette River.

The renewal time measures the overall flushing of the estuary. Renewal time is a scale to
measure the overall pollutant transport time. A short renewal time suggests pollutants discharged
into the estuary will be more quickly transported out of the estuary. The renewal time increases
in the lower James River and Elizabeth River. Overall, change is less than 2.0 days. As sea level
increases, the volume of the waterbody increases, resulting in an increase of renewal time.
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4.2. Model Scenarios 3-2 and 3-2-SLR

Three timescales, namely freshwater age, saltwater age, and renewal time, are examined and
their differences are compared. We compared the difference of daily vertical mean age for each
timescale at each location for a period of three years. The spatial distribution between the sea
level rises under the Future Conditions with deepened NH channel are compared. Spatial plots
for mean for the difference of each timescale are shown in Figures 4-2-1 for freshwater age, in
Figure 4-2-2 for saltwater age, and in Figure 4-2-3 for renewal time.

The freshwater age indicates the change of freshwater movement. A decrease of freshwater age
indicates that pollutants discharged into the estuary can be more quickly transported out of the
estuary. It can be seen that the age increases in the lower James and Elizabeth River, but slightly
decreases in the upper part of the Elizabeth River.

The saltwater age indicates the change of saltwater movement. When saltwater age decreases, it
shows the clean water from outside of the estuary can be quickly transported to the estuary. It
also indicates that it has less time for the oxygen near the bottom layer to be consumed. It can be
seen that the age decreases in the mesohaline region of the James River and decreases in the
Elizabeth River. An increase occurs in the upstream of the Lafayette River.

The renewal time measures the overall flushing of the estuary. Renewal time is a scale to
measure the overall pollutant transport time. A short renewal time suggests pollutants discharged
into the estuary will be more quickly transported out of the estuary. The renewal time increases
slightly in the lower James River and Elizabeth River. Overall, the change is about 2.0 days.
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Scenario 3-2, mean difference)
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Figure 4-2-3: Distribution of difference of renewal time (days) (Scenario 3-2-SLR minus
Scenario 3-2, mean difference)
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4.3. Model Scenarios 4-2 and 4-2-SLR

Three timescales, namely freshwater age, saltwater age, and renewal time, are examined and
their differences are compared. We compared the difference of daily vertical mean age for each
timescale at each location for a period of three years. The spatial distributions between the
change due to channel deepening of the ERSB channel and the scenario of sea-level rise by 1
meter are compared. Spatial plots for the mean of the difference of each timescale are shown in
Figures 4-3-1 for freshwater age, in Figure 4-3-2 for saltwater age, and in Figure 4-3-3 for
renewal time.

The freshwater age indicates the change of freshwater movement. A decrease of freshwater age
indicates that pollutants discharged into the estuary can be more quickly transported out of the
estuary. It can be seen that the age increases in the Lower James and Elizabeth Rivers, but
decreases in the upstream of the Elizabeth River.

The saltwater age indicates the change of saltwater movement. When saltwater age decreases, it
shows the clean water from outside of the estuary can be quickly transported to the estuary. It
also indicates that it has less time for oxygen near the bottom layer to be consumed. It can be
seen that the age decreased in the mesohaline region of the James River and decreased in the
Elizabeth River as well. A large increase occurred in the Lafayette River.

The renewal time measures overall flushing of the estuary. Renewal time is a scale to measure
the overall pollutant transport time. A short renewal time suggests pollutants discharged into the
estuary will be more quickly transported out of the estuary. The renewal time increases in the
Lower James River and the Elizabeth River. Overall, change is less than 2.0 days.
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Figure 4-3-1: Distribution of mean difference of daily vertically averaged freshwater age
(days) (Scenario 4-2-SLR minus Scenario 4-2, mean difference)

36



4095
5.0
45
4.0 G
4090 35 Y
2.5 ‘
4085 fg 4
> 1.0
05
0.0
4080 Py
-1.0
15
2.0
4075 Py \
-3.0
35 _
-4.0 —
4070 45 o 4
e 0 i i i | vAY I
355 360 365 370 375 380 385

X

Figure 4-3-2: Distribution of difference of saltwater age (days) (Scenario 4-2-SLR minus
Scenario 4-2, mean difference)
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Figure 4-3-3: Distribution of difference of renewal time (days) (Scenario 4-2-SLR minus
Scenario 4-2, mean difference)
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4.4. Model Scenarios 5-2 and 5-2-SLR

Three timescales, namely freshwater age, saltwater age, and renewal time, are examined and
their differences are compared. We compared the difference of daily vertical mean age for each
timescale at each location for a period of three years. The spatial distributions of the differences
between the channel deepening of James River and Elizabeth River with NHC channels
compared to the scenario of sea-level rise by 1 meter are examined. Spatial plots for mean for the
difference of each timescale are shown in Figures 4-4-1 for freshwater age, in Figure 4-4-2 for
saltwater age, and in Figure 4-4-3 for renewal time.

The freshwater age indicates the change of freshwater movement. A decrease of freshwater age
indicates that pollutants discharged into the estuary can be more quickly transported out of the
estuary. It can be seen that the age increases in the Lower James and Elizabeth Rivers.

The saltwater age indicates the change of saltwater movement. When saltwater age decreases, it
shows the clean water from outside of estuary can be quickly transported to the estuary. It also
indicates that it has less time for oxygen near the bottom layer to be consumed. It can be seen
that the age decreases in the mesohaline region of the James River and decreases in the upstream
of the Elizabeth River. A large increase occurs in the upstream of the Lafayette River.

The renewal time measures the overall flushing of the estuary. Renewal time is a scale to
measure the overall pollutant transport time. A short renewal time suggests pollutants discharged
into the estuary will be more quickly transported out of the estuary. The renewal time increases
slightly in the Lower James River and Elizabeth River. Overall, the change is less than 2.0 days.
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Figure 4-4-1: Distribution of mean difference of daily vertically averaged freshwater age
(days) (Scenario 5-2-SLR minus Scenario 5-2, mean difference)
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5. Summary

The water quality model developed for the James and Elizabeth Rivers has been applied to
simulate different scenarios for a projected sea-level rise of 1.0 m. Eight model scenarios have
been conducted for multiple dredging designs in the lower James River and Elizabeth River
(Table 2-1). The results show that DO would not be changed much in the James River. DO
decreases slightly in the Elizabeth River. The changes vary from scenario to scenario. The largest
change of mean DO concentration is about 0.78 mg/L during the summer period for the Scenario
5-2-SLR at Station LFAQ1, but bottom DO is still about 5 mg/L at LFAOL. DO decrease
occurred at Station SBE5 overall under the SLR condition. Note that Station SBE5, which is
located at upper stream of the Elizabeth, has low DO (about 5 mg/L) under existing conditions.
The largest bottom DO depression at SBE5 compared to other stations suggests this area is the
most problematic.

With SLR in both the James and Elizabeth Rivers, the renewal time is increased in the
mesohaline region of the lower James River and tributaries in the Elizabeth River. However,
saltwater age decreases in both the James and Elizabeth Rivers, indicating that bottom DO will
be consumed less due to increased gravitational circulation. This increased movement of
saltwater reduces the pressure of the decrease of vertical mixing due to SLR. However, this
effect is not large enough to counter the overall increase in renewal time and the effect of
increase depth with less vertical mixing. Therefore, a decrease of DO in summer in the Elizabeth
can be observed as SRL occurs.
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Appendix A

This appendix includes time series plot of Water quality model results. The water quality
time series comparison between different scenarios was plotted during the period from
2011 to 2013. The locations of monitoring stations are shown in Appendix Figure A-1.
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Figure A-1: Location of monitoring Stations.
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Model Simulation Scenario 3-2 and Scenario 3-2-SLR
In the following plots, the baseline is the result of Scenario 3-2 and Scenario is Scenario
3-2-SLR
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Model Simulation Scenario 4-2 and Scenario 4-2-SLR
In the following plots, the baseline is the result of Scenario 4-2 and Scenario is Scenario
4-2-SLR
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Model Simulation Scenario 5-2 and Scenario 5-2-SLR
In the following plots, the baseline is the result of Scenario 5-2 and the Scenario is
Scenario 5-2-SLR
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