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1. SUMMARY

This report documents suspended sediment concentrations observed by VIMS
personnel in the vicinity of oyster shell dredging activity northeast of Hogg Island in
the James River on 22 August 2001 (Figure 1). The suspended sediment
concentration of the dredge plume was monitored during ebb, slack and flood tide
via a continual underway acoustic backscatter survey calibrated by water samples
collected on site (Figure 2).

The plume produced by active dredging during ebb tide was confined mainly to the
bottom with a width of about 200 m and an estimated maximum length of 5 km
towards the end of ebb. At distances more than 700 m downstream of the dredge,
the dredge plume was about 3 to 4 meters thick and exhibited a sediment
concentration 30 to 50 mg/liter higher than the normal level of near bed suspension
during ebb of 50 to 100 mg/liter. 100 to 400 m downstream of the dredge, the
plume was 50 to 100 mg/liter above the normal background level and about 1 to 2
meters thick.

Active dredging around slack water produced a spatially less extensive but higher
concentration suspension in the immediate vicinity of the dredge. During slack after
ebb, an 8 meter thick, 200 meter wide, 100 mg/liter plume formed in the immediate
vicinity of the dredge before collapsing and spreading along the bottom of the main
channel asa 1.5 m thick, up to 150 to 200 mg/liter layer estimated to be 500 m long.
This high concentration pool was then advected up-estuary with the flood tide.
During slack after ebb, the remainder of the plume produced during ebb settled to
below detection level within an hour.

Active dredging during flood produced a plume of similar concentration and cross-
sectional area as that on ebb, but with a greater tendency to break up into two or
more separate plumes. An increase in concentration of 50 to 80 mg/liter above
normal background was observed near the upstream end of the flood plume
associated with the pool of material that had previously accumulated during slack.
The along-channel extent of the entire plume toward the end of flood was estimated
at 4to 5 km. Dredging was discontinued at the end of flood, and the flood plume
outside of the immediate vicinity of the dredge settled to below detection levels
within an hour.

2.METHODS

Observations were collected at the dredge site by VIMS personnel aboard the VIMS
research vessel R/V Heron. On site sampling began 0605 EST on 22 August and
ended at 1606 the same day. Three independent measures of suspended solids
concentration were collected: (i) point measurements of total suspended solids
(TSS) analyzed from water samples, (i) vertical profiles of optical backscatter
(OBS), and (iii) continual collection of acoustic backscatter throughout the water
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column using an Acoustic Doppler Current Profiler (ADCP). Figure 3 showsa
similar ADCP survey being performed by the VIM S research vessel R/V Coot.

Table 1 documents the sampling approach. Ten ADCP tracksin the dredging area
were completed at approximately 1 to 1.5 hour intervals over the course of the day.
Theindividual tracks are shown relative to the James River shoreline in the upper

left corner of Figures4.1 - 4.10. The upper right hand corner of each page of Figure
4 shows the several lettered transects composing each track. Between collection of
each ADCP track (numbered 1 through 10), anchor stations were occupied to collect
TSS samples and OBS profilesto calibrate and ground truth concentration
measurements inferred from ADCP backscatter. The location of the anchor stations
are shown by plusesin the upper right corner panels of Figures 4.1 through 4.10 with
individual station numbers corresponding to those listed in Table 1.

The ADCP used is a 1200 KHz Workhorse Sentinel produced by RD Instruments,
Inc., San Diego, CA. The ADCP was mounted on the front of the R/V Heron so that
the transducers of the ADCP were just under the surface of the water (Figure 5).
The ADCP provides estimates of acoustic backscatter (i.e., suspended sediment
concentration) in decibel units every few seconds at 25-cm intervalsin the vertical
throughout the water column. The ADCP was originally designed to measure water
current velocity and thus also provides estimates of current velocity at the same
locations. The velocities presented in Figures 4.1-4.10 are surface velocities taken
from the top ADCP bin (1 meter depth).

The OBS, made by Seapoint Sensors, Inc, Kingston NH, recorded optical backscatter
at 4-5 records per second as it was |lowered by hand over the side of the R/V Heron.
Figure 6 shows the OBS used in thisinvestigation attached to a conductivity-
temperature-depth recorder.

Water samples were collected at selected stations using a standard Nisken-bottle
type water sampler that was triggered to close at a chosen depth by dropping alead
weight messenger down along aline attached to the sampler. The water from the
Nisken bottle was stored in sample bottles on ice for later analysis at the |ab.
Suspended material from each sample was measured by filtering a known volume of
the sample through on pre-weighed GF/F filter (pore size approximately 0.8
microns). The filters were then dried at 103-105 degrees C overnight and reweighed.
Theincrease in weight due to the suspended material divided by the volume filtered
givesthe Total Suspended Solid (TSS) concentration.

Both the OBS and ADCP backscatter were calibrated for suspended sediment
concentration by plotting the raw backscatter signal against TSS from water samples
as shown in Figure 7. The OBS voltage response to suspended sediment
concentration is theoretically linear, whereas the ADCP decibel responseis
theoretically logarithmic. Thus TSSis plotted directly against OBS output, whereas
the log-10 of TSSis plotted against ADCP backscatter. The calibration curvesin
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Figure 7 were then used to convert all OBS and ADCP backscatter into units of
suspended solids concentration in milligrams per liter.

The remaining panelsin Figures 4.1 to 4.10 compare profiles of suspended solids
concentration based on OBS with those based on ADCP backscatter from anchor
stations. The ADCP estimates represent time-averages over the several minutes
while the R/V Heron was on station, whereas the OBS estimates are a snapshot
collected over the course of asingle profile.

The comparison of OBS and ADCP measurement in Figures 4.1 to 4.10 along with
the calibration curvesin Figure 7 indicate that the ADCP backscatter did a very good
job in estimating suspended solid concentration. Although optical backscatter has
been used more often in the literature to document suspended solids in estuarine
environments, acoustic backscatter using an ADCP has the major advantage of
allowing continual underway surveying of suspended solids over large areas. The
OBS, in contrast, can only be used at individual stations by physically lowering it
through the water column over the side of the boat.

3. RESULTS

Figures 8.1 to 8.10 show the main results of this report, namely insight gained from
continual spatial surveys of suspended sediment solid concentration based on ADCP
backscatter.

3.1. Background Concentration During Ebb

Thefirst track (Figure 8.1) was collected during a pause in dredging operation,
conveniently allowing documentation of the background concentration of suspended
solidsin that region of the James River. Asindicated by velocities recorded by the
ADCP in upper right panel of Figure 4.1, this survey was collected just before peak
ebb. The timing of thistrack near peak ebb was ideal because it documents
resuspension by strong tidal currentsin the absence of dredging. Thisallows
dredge-induced suspension to be distinguished from natural tidal resuspension
during subsequent tracks. Track 1 indicates that the "background" suspension in the
absence of dredging when tidal velocity is strong is mainly afunction of height
above the bed. Within 2 to 3 meters of the bed in the absence of dredging,
concentrations are on the order of 50 to 100 mg/liter. Within a couple of meters of
the surface, the background concentration drops to about 15 to 30 mg/liter. The one
"hot" spot in Track 1 isseenin Transect B, directly upstream of the dredge. The high
backscatter at this one location is due to the turbulence created by the ebbing tide
moving around the large barge, as would be the case around any large vessel, and is
not due to sediment being stirred by active dredging. Boat wakes can occasionally
be seen as black areas high in the water column on panels on several other pages of
Figure 8.
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3.2. Dredge PlumeDuring Ebb

Tracks 2 and 3 (Figures 8.2, 8.3) document dredging during the presence of strong
ebb currents. In both figures, transect A is about 200 m upstream of the dredging
site and shows concentrations very similar to those in Track 1, although slightly
higher because tidal currents have reached their peak. Track 2 Transects B through F
and Track 3 Transects B through J shows the evolution of the dredge plume in time
and space as one moves downstream behind the dredge. The top-to-bottom "hot-
spot" in Transect B (100 m downstream of the dredge) is due to the turbulent wake
around the dredging barge. Backscatter collected along Transect B just outside the
barge's wake indicates concentrations on the order of 200 mg/liter over the lowest 1
meter of the water column. In Transect C (400 m behind the dredge), the plumeis
mainly trapped within about two meters of the bed, maintaining concentrationson
the order of 100 to 150 mg/liter. Much of the plume has moved downslope towards
the deepest part of the channel, perhaps as a gravity current induced by the excess
weight of the plume relative to the surrounding water.

Transects D through J (0.7 to 4 km downstream of the dredge) document the upward
mixing of the plume in concert with its continual migration from the northeastern to
the southwestern side of the channel. The plume moves entirely across the deep
channel because of across-channel near-bed currentsinduced by the strong curvein
the estuary in thisvicinity. Between Transects G and J (2 to 4 km downstream of the
dredge), the size and intensity of the plume does not evolve much further. Thisis
because there is sufficient tidal energy to keep this far-field signature of the plume
in suspension. The plume at this point is about 200 m wide, 3 m thick, and exhibits
concentrations 30 to 50 mg/liter higher than the normal background suspension, i.e.,
an increase of about 60% from background levels. Because it has reached more-or-
less steady state, the plume can be expected to continue moving downstream until
the tidal currents slacken. Given the strength of the near-bed currents and the
duration of the ebb tide, a reasonabl e estimate of the maximum along-channel extent
of the plume is about 5 km.

3.3. Dredge Plume at Slack After Ebb

Tracks 4 and 5 (and to some extent Track 6) document dredging around the time of
slack tide after ebb. The associated plots (Figures 8.4, 8.5, 8.6) demonstrate the
high sensitivity of the dredge plume to the strength of the tidal current. Near slack
tide, concentrations over 100 mg/liter are only found within 1 km of the dredge (i.e.,
no further away than Transect 4D or 5D). Soon after the turn to flood, Transect 6F
(only 100-200 m seaward of the dredge -- note the along-channel shift in Transect
labelsin Figure 4.6) shows no clear sign of the plume at all, indicating that in the
absence of additional sediment input, 1 hour around slack tide is sufficient to
virtually clear the water column of plume sediment at most |ocations (compare
Transects 5B,C,D with Transects 6F,G,H). Sediment settling 8 metersin 1 hour
suggests a sediment fall velocity on the order of 2 mm/second, which is reasonable
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for flocculated and/or aggregated muddy estuarine sediment. Near slack in the
immediate vicinity of the dredge, however, the concentration increases relative to
that observed at times of strong current. Transects 4B and 5B show concentrations
in excess of 100 mg/liter extending throughout the lower 8 meters of the water
column. This makes sense, since without a strong tidal current to disperse the
plume, suspended sediment will pool under the dredge. Transect 5A shows an
example of a high concentration suspension pooling during slack, whereal.5m
deep, 100 m wide pool of mud with concentrations of 150 to 200 mg/liter has
accumulated. Given the current speed around slack along with its duration, the high
concentration pool is probably on the order of 500 m long.

3.4. Dredge Plume During Flood

Tracks 6, 7 and 8 (Figures 8.6, 8.7, 8.8) document a tendency for the pool of mud
which collected under the dredge at slack to advect up-estuary during flood as a
coherent package without being rapidly mixed up into the water column and
dispersed. The high concentration pool isfound about 1, 2 and 3 km up-estuary of
thedredgein Tracks 6, 7 and 8, respectively, suggesting the muddy pool is moving
up-estuary with the near bottom currents at a rate of about 30 cm/s. This suggests a
maximum along-channel extent of the plume on flood of about 4 to 5 km. The
dredge material released during the remainder of flood is dispersed up-estuary by
the relatively strong currents and does not pool like the sediment released during
slack.

The plume released during flood moves southwestward across the channel in Figures
8.6, 8.7 and 8.8 as it flows up-estuary due to the across-channel near-bed current
induced by the channel curvature. By Track 9 (Figure 8.9), the flood current has
begun to slacken, and the tendency of the plume to advect southwestward across the
channel has diminished. The overall cross-sectional area of the plumeissimilar to
ebb, but on flood it is more likely to be broken up into two or more high
concentration streams. This may be because the channel-shoal bathymetry isless
distinct up-estuary of the dredge site and the resulting flow patterns are more
irregular.

Flood transects up-estuary of the dredge can be compared to Tracks 6F and 71 (both
immediately seaward of the dredge) to evaluate the concentration of the flood plume
relative to background levels. For material released during flood, the increasein
concentration due to the plume is comparable to that on ebb, i.e., an increase of
about 30 to 50 mg/liter. However, the coherent (albeit thinner and less widespread)
pool released at slack maintains an increase in concentration 50 to 80 mg/liter above
background. "Background" concentration also varies spatially and temporally.
Transect 8K (seaward of the dredge) provides an example of local resuspension
producing concentrations comparabl e to the dredge plume. Thus the above estimates
of dredge-related increases above background concentration may be conservatively
high. It isalso possible, however, that the relatively higher concentrationsin
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Transect 8K are due mainly to tidal resuspension of recently settled dredge plume
sediment.

3.5. Background Concentration During Slack After Flood

By the time the last track was begun, the dredge had once more paused operation,
conveniently allowing documentation of the background concentration throughout
theregion at slack. Asindicated by Track 10 (Figure 8.10), virtually no plume
sediment was detectable in suspension more than 500 meters up-estuary of the
dredge (i.e., Transects 10A-C) nor more than 100-200 m seaward of the dredge (i.e.,
Transects 10E-G). At slack, background concentrations are 30 to 60 mg/liter within
2 to 4 m of the bed, dropping to 15 to 25 mg/liter within a couple of meters of the
surface.
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4. TABLES AND FIGURES
Table 1. Station and track log for R/V Heron.
Figure 1. Oyster dredge collecting shell in the James River on 22 August 2001.

Figure 2. Section of NOAA navigation chart 12248 (James River Newport News to
Jamestown Island) showing the plume monitoring tracks collected on 22 August
2001.

Figure 3. VIMS research vessel R/V Coot performing an ADCP survey. The ADCP
is mounted to the front of the vessel.

Figure 4. Parts 4.1 through 4.10 correspond to the 10 ADCP Tracks listed in Table
1. (a) Track location showing shoreline. (b) Surface velocities with labels for
individual Transects and Stations. (c)-(f) Profiles of sediment concentration
measured by water samples (TSS) and calibrated profiles of OBS and ADCP.

Figure 5. Top view of the ADCP collecting data while underway on the R/V Heron on
22 August 2001.

Figure 6. Seapoint OBS sensor used in this study attached to a conductivity-
temperature-depth recorder.

Figure 7. Calibration curves for suspended sediment concentration: (a) TSS from
water samples versus raw OBS response, (b) 10g10 of TSS from water samples
versus raw ADCP response.

Figure 8. Parts 8.1 through 8.10 correspond to the 10 ADCP Tracks listed in Table
1. Each subfigure displays several panels. Each panel is color contour plot of
suspended sediment concentration determined from ADCP backscatter as a function
of depth and distance along a lettered Transect within a particular Track.
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Table 1. Station and track log for R/V Heron

Station

S657
S658
S659
S660
S661
S662
S663
S664
S665
S666
S667
S668
S669
S670
S671
S672
S673
S674
S675
S676
S677
S678
S679
S680
S681
S682
S683
S684
S685
S686
S687
S688
S689
S690
S691
S692
S693
S694
S695
S696
S697
S698
S699
S700
S701

Date

22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug
22-Aug

Time
EST

0605
0632
0643
0648
0655
0708
0734
0743
0750
0758
0805
0845
0854
0908
0914
0922
0957
1009
1017
1030
1034
1055
1100
1105
1111
1121
1158
1204
1209
1220
1258
1305
1314
1322
1333
1440
1455
1500
1506
1514
1544
1549
1553
1559
1606

Lat
37°N

11.950
12.000
12.040
12.100

11.960
11.990
12.010
12.070

10.570
11.040
11.900
11.990

11.000
11.520
11.800
12.330

11.660
11.890
12.000
12.150

12.760
12.590
12.480

12.850
12.810
12.570
12.380

12.850
12.790
12.740
12.490

12.750
12.580
12.510
12.290

Long
76° W

38.270
38.490
38.620
38.770

38.310
38.540
38.660
38.850

37.750
37.990
38.360
38.500

37.780
38.200
38.270
39.070

38.440
38.530
38.630
38.780

39.630
39.330
39.210

40.050
39.770
39.260
39.010

40.290
39.820
39.540
39.180

39.580
39.330
39.200
38.940
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Figure 2. Section of NOAA navigation chart 12248 (James River Newport
News to Jamestown Island) showing the plume monitoring tracks collected on
22 August 2001.



Figure 3. VIMSresearch vessel R/V Coot performing an ADCP Survey. The
ADCP ismounted on the front of the vessdl.
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Figure 4.1. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-F) Profiles of sediment concentration measured by water samples (TSS)
and calibrated profiles of OBS and ADCP.
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Figure 4.2. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-F) Profiles of sediment concentration measured by water samples (TSS)
and calibrated profiles of OBS and ADCP.
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Figure 4.3. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-E) Profiles of sediment concentration measured by water samples
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Figure 4.4. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-F) Profiles of sediment concentration measured by water samples
(TSS) and calibrated profiles of OBS and ADCP.
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Figure 4.6. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-E) Profiles of sediment concentration measured by water samples

(TSS) and calibrated profiles of OBS and ADCP.



Latitude

James River Transect 7 Transect 7 Velocity
T T T T T T T 37.218 T T T T T T

B
37.216| c i

\i-'- \_ D
37.214} \%, 5687%' i

*
4 568\
37.212 E

37.22

37.21

(meters)

Depth

(meters)

L N\ i
3 F
37.2 B 2 37.21f b
ks s6 G
37.208 | 4
37.19 B H
Y
37.206 | % s690Q) 7
3718l i 100 cm/sec dredge
A 37.204 B s M .
37.1 L L L L L L L L 37.202 L L L L L L
-76.7 -76.69 -76.68 -76.67 -76.66 -76.65 -76.64 -76.63 -76.62 -76.61 %76.675 -76.67 -76.665 -76.66 -76.655 -76.65 -76.645 -76.64
Longitude Longitude
Station S687 Station S688
0 . . . . . . . ‘ -0.5 . . . . :
+ OBS + OBS
o ADCP e *y o ADCP
-1t @) %k - — 1 % -
Ke, « TSS r §
+ &
20 ~ B ;& *
e -15¢ - % * i
3l ) i o« *
‘f)m @ 24 le) ** ]
L F @) ﬂe — £ (;ig
0 = -25¢1 ~ -
5 i\% @ . _ R 1O " N
L O 4% 7 £ O *
O * -
0 F T 3l ~ * ]
ol I} % | a O %;
@) O
7 g&:‘é - ;%
O
5 41 3% 4
8 - N
C D i
-9 L L L L L L L -4.5 L I I I I
10 20 30 40 50 60 70 80 100 0 20 40 60 80 100 120
Concentration (mg/L) Concentration (mg/L)
Station S689 Station S690
0 T T T T T 0 T T T T T
% OBS
O ADCP
al T | 1t o ) .
] . = TSS @]
( ﬁ:g}; F o
* 2L i
2L - * 4
O *g
O & 3L ]
* —
3+ ~ *4% i @
- i
(')rik* g 4L i
%
4l % >* | E
. o ' £ 5 |
o o) 4@;% =3
o 5| N - [
2 o
: ol |
j‘% @) O
-6 o A 0
o} 7r E
-Th | + OBS )
8 o ADCP .
-8 L L L L %ge L -9 L L L L L
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Concentration (mg/L) Concentration (mg/L)

Figure 4.7. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-F) Profiles of sediment concentration measured by water samples
(TSS) and calibrated profiles of OBS and ADCP.
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Figure 4.8. (A) Track location showing shoreline. (B) Surface velocities with labels for individual
Transects and Stations. (C-F) Profiles of sediment concentration measured by water samples
(TSS) and calibrated profiles of OBS and ADCP.
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Figure 4.9. (A) Track location showing shoreline. (B) Surface velocities with labels for
individual Transects and Stations. (C-F) Profiles of sediment concentration measured by water
samples (TSS) and calibrated profiles of OBS and ADCP.
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Figure5. Top view of the ADCP collecting data while underway on the R/V
Heron on 22 August 2001.

Figure 6. Seapoint OBS sensor mounted on conductivity-temperatur e-
depth recorder.
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Figure 7. Calibration curvesfor suspended sediment concentration: (a)
TSS from water samplesversusraw OBSresponse, (b) log 10 of TSS
from water samplesversusraw ADCP response.





