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Conversion Factors, Non-SI to SI 
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Non-SI units of measurement used in this report can be converted to SI 
units as follows: 

Multiply By To Obtain 

cubic yards 0.7645549 cubic meters 

degrees (angle) 0.01745329 radians 

feet 0.3048 meters 

inches 2.54 centimeters 

miles (U.S. statute) 1.609347 kilometers 
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1 Introduction 

Background 

Federal navigation projects in the Potomac River have authorization to 
maintain a 24-ft1 channel depth. As a result of sediment deposition, the 
channel depth at present is approximately 17 ft near Alexandria, VA, and 
less than 24 ft in several downstream reaches. This has reduced the maxi
mum size of cargo ship that is able to navigate in the Potomac River be
tween Chesapeake Bay and harbors at Alexandria. Restoring the channel 
to the authorized depth would require the removal of ap:froximately 2 mil
lion cubic yards of silty material from nine shoal areas. 

Alternatives for the disposal of ibis material were identified in a 
dredged material placement study.2 One option would involve placing the 
dredged sediments in deepwater areas of the Potomac River channel. One 
area, located in a reach bounded by Dogue Creek and Gunston Cove (Fig
ure 1), has been identified as a candidate disposal site. 

Resource agencies have suggested that naturally occurring deep holes 
provide important overwintering habitat for fish. They hypothesize that 
fish may be injured during the disposal of dredged materials and that the 
habitat value of holes may be diminished by partially filling them with 
sediment. In response to these concerns, a field study was initiated to ob
tain preliminary data on the extent of fish use of deep holes in winter. 
The study had three objectives: to compare fish density and species com
position between a candidate deep-hole site and a reach of main channel 
of typical depth; to evaluate the distribution of fish in and surrounding the 
candidate deep-hole site; and to qualitatively compare fish occurrence at 
the candidate disposal hole and two other deep holes in the Potomac River. 

A table of factors for converting non-SI units of measurement to SI units is presented 
on page v. 
2 

U.S. Army Engineer District, Baltimore. 1988 (Dec). Potomac River dredged mate
rial placement site study. Baltimore, MD. 

Chapter 1 Introduction 
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Study Area 

Four sites were sampled in a reach of the Potomac River extending 
from about 5.5 to 14.5 miles below Alexandria (Figure 1). Three of these 
were naturally occurring deep holes associated with successive meander 
loops of the Potomac River. The deep holes were located near the mouth 
of Piscataway Creek, below Dogue Creek, and below Pomonkey Creek. 
The main-channel site was located downstream from Gunston Cove. 

The main part of the study involved comparisons between the candi
date disposal hole below Dogue Creek and a nearby reach of main channel 
below Gunston Cove. The candidate disposal hole extends from Dogue 
Creek to Gunston Cove for a downstream distance of approximately 
1.2 miles. The channel is approximately 4,000 ft wide at this location. 
The deep hole is an unusually deep portion of the channel thalweg that 
occurs near the western shoreline of the river. A steep shoreline borders 
the hole on one side, and a low-gradient side slope extends into the chan
nel on the other side (Figure 2). Navigation charts indicate that the maxi
mum depth of the deep hole is about 53 ft. 1 

The main-channel sampling site was established approximately 
1.5 miles below the deep hole and extended downriver for approximately 
1 mile. The depth of the channel thalweg at this sampling site ranged 
from 32 to 34 ft. 

Less intensive sampling was conducted at deep holes located at 
Piscataway and Pomonkey Creeks. These sites occur approximately 
5 miles above and 3 miles below the deep hole at Dogue; they attain maxi
mum depths of approximately 7 4 and 71 ft, respectively. 1 

National Oceanic and Atmospheric Administration. 1984. Potomac River navigation 
chart, Mattawoman Creek to Georgetown. Map No. 12289. Washington, DC: U.S. De
partment of Commerce. 
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2 Methods 

Hydroacoustic surveys of fish and channel morphometry were per
formed at the four sampling sites using a calibrated 420-kHz, dual-beam 
hydroacoustic system. Surveys were performed at Pomonkey Creek and 
Gunston Cove on 21 February 1990, at Dogue Creek on 21 and 22 Feb
ruary, and at Piscataway Creek on 22 February. All surveys except 
Piscataway Creek were conducted i~ midafternoon on the incoming tide 
and were completed at or before high tide. The Piscataway Creek survey 
was conducted in late morning on the ebb tide. The acoustic surveys con
sisted of approximately equally spaced transects through the channel thal
weg perpendicular to shore. Transects ranged in length from about 1,200 
to 2,000 ft. At the three deep-hole sites, the channel thalweg occurred 
nearshore on the outside portion of river meanders. At these sites, tran
sects were initiated nearshore, traversed over the hole, and terminated in 
the middle of the channel. At the main-channel sampling site, the thalweg 
was located near the middle of the channel. At this site; transects began 
and ended in the channel well away from either shore. Transects num
bered 14 for both Dogue Creek surveys, 5 at Gunston Cove, 5 at Pis
cataway Creek, and 4 at Pomonkey Creek. The surveys were performed 
using a downward-looking transducer that was suspended about 2.5 ft 
below the water surface. The transducer sampled a swath approximately 
11 deg wide. Echo data were collected at a rate of 10 transmission pulses 
per second from a boat traveling approximately 7 fps. The survey data 
were tape-recorded for later processing using a variety of specifications. 

Fish were c< . ted from the Dogue Creek and Gunston Cove sites on 
22 February us, .. 20-ft otter trawl with netting of 1-in. mesh. Four 
5-min tows were obtained at Dogue Creek. These consisted of one mid
water tow and one bottom tow taken near the deepest portion of the hole 
and two bottom tows taken in an area adjacent to the hole where large 
numbers of fish were acoustically detected. Two 5-min tows were also 
made near the channel thalweg at the Gunston Cove site. All fish were 
identified to species and measured for total length. 

Temperature and dissolved oxygen measurements were taken at the 
Dogue Creek site on 22 February using a YSI dissolved oxygen meter. 
Surface and bottom measurements were taken near the deepest part of the 
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hole in the afternoon at high tide. Water velocity was measured with a 
Marsh-McBirney current meter. 

Hydroacoustic results were prepared from tape-recorded data. A visual 
record of each acoustic transect was reproduced on chart paper from tape
recorded echo data. A 0.23-v threshold was applied to eliminate acoustic 
noise and small scatters from the chart record. This excluded from dis
play most targets less than the smallest-sized fish observed in the trawl 
surveys. All echograms were produced with a vertical scale (depth) of ap
proximately 1 in. = 12.4 ft and a horizontal scale (transect length) of 
about 1 in.= 148 ft. They were reduced for presentation so they would 
conveniently fit on a standard page (see Appendix A). Echograms from 
the Dogue Creek surveys (except transect 14 from 22 February) are pre
sented at 55 percent of chart-recorded size. All others are presented at 
48 percent of chart-recorded size. 

Quantitative comparisons of fish density and size were made between 
the Gunston Cove and Dogue Creek sites. Fish density was estimated as 
the number of countable fish targets per acre. Estimates were based on 
counts of fish from digitized echogram records, the depths of fish detec
tion, and transect lengths. A summary of transect lengths and maximum 
bottom depth is provided in Table 1. Density was computed as the num
ber of weighted fish detections divided by transect surface area. For these 
calculations, transect length was measured as survey length in seconds 
times a constant boat speed of approximately 7 fps. Effective transect 
width was calculated as 2 x R x tan (5.5 deg) where R is the detection 
range from the transducer and 5.5 deg is the half-angle of the effective 
beam diameter. Individual fish detections were weighted by the inverse of 
this quantity to compensate for the increased probability of detection at in
creased range from the transducer. 

Estimates of fish density are regarded as conservative because of two 
principal sources of undercounting. First, inspection of the echograms 
shows a few suspected fish near the river bottom that are not clearly distin
guishable from the bottom echo. These possible fish targets were not 
counted. Second, there are occasional instances of large, poorly defined 
echoes indicative of multiple fish that are not individually resolvable. A 
multiple-fish echo was usually counted as a single fish. 

Target strength calculations from dual-beam data were based on echoes 
that could be classified as single fish targets. Target strength was ex
pressed in decibels; a regression equation attributable to Love 1 was ap
plied to provide a rough conversion from target strength to fish length in 
centimeters. 

R.H. Love. 1971. Dorsal-aspect target strength of an individual fish. Journal of the 
Acoustical Society of America 49:816-823. 
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3 Results and Discussion 

Physical Conditions 

Fish sampling at Dogue Creek began after low tide and was completed 
before high tide. Physical measurements were taken in late afternoon at 
high tide after completion of hydroacoustic and trawl surveys. Water tem
perature in the deepest area of the Dogue Creek site was 5.7 °C at the sur
face and 5.8 °C at the bottom. Corresponding dissolved oxygen levels 
were 11.1 and 11.6 mg/L, respectively. These measurements suggest that 
surface and bottom waters were well mixed with no vertical stratification 
within the hole. Water velocity at the time of these measurements was ap
proximately 1.0 fps at the surface. There was no detectable current in the 
midcolumn or near the bottom. 

Echograms 

Echograms of acoustic transects show a transmission line and bottom 
trace as well as the position of fishes detected in the water column. 
Echograms of all survey transects are shown in Appendix A. Included are 
acoustic surveys of the deep-hole sites at Dogue Creek (two surveys), 
Piscataway Creek, and Pomonkey Creek and the main-channel site below 
Gunston Cove. 

Inspection of echograms shows that the Piscataway and Pomonkey 
Creek sites have a less regular bottom profile than the Dogue Creek and 
Gunston Cove sites. These sites also exhibited higher levels of back
ground noise in the acoustic surveys. A large, localized area of acoustic 
noise that is visible on transects 1 and 2 at Pomonkey Creek resulted from 
turbulence from the passage of a large ship. However, noise levels exceed
ing threshold are evident near the river bottom on several transects from 
Pomonkey and Piscataway Creeks. Both the irregular bottom profiles and 
higher acoustic noise levels tend to indicate a more turbulent environment 
at Pomonkey and Piscataway Creeks. 

Chapter 3 Results and Discussion 
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The echograms also show that fish were detected at all four sampling 
sites. No marked differences in fish occurrence were apparent among the 
sites; however, fish visually appeared to be somewhat less numerous at 
Piscataway and Pomonkey Creeks. Habitat conditions at these sites might 
be adversely affected by apparently greater turbulent conditions. 

Fish detections were numerous at the main-channel site below Gunston 
Cove and the deep-hole site at Dogue Creek. Fish were distributed 
throughout the water column at both sites. At Gunston Cove, fish were de
tected along the entire length of most transects. However, at Dogue 
Creek, detections were fewest nearshore and increased progressively to
ward the open channel. This distribution pattern is apparent in survey re
sults from 21 February and is more pronounced in the 22 February survey. 
Differences in fish distribution relative to shoreline and the main part of 
the hole are evident in visual comparisons of the two surveys of the candi
date disposal hole at Dogue Creek. 

Fish Density 

Fish density was estimated using acoustic data from Dogue Creek and 
Guns ton Cove sites. Densities varied from 517 to 57 5 countable fish tar
gets per acre and were quite similar for deep-hole and main-channel sites 
(Table 2). 

Acoustic transects at Dogue Creek traversed a number of potentially 
different fish habitats including steeply sloping shoreline, deep hole, and 
side slope adjacent to the hole. To help investigate fish distribution rela
tive to these features, transects were divided into five zones based on 
water depth and position in relation to the main portion of the hole (Fig
ure 2). Fish density was then estimated for each zone using n = 12 tran
sects (those numbered 2-14) from the 21 February survey and n = 14 
transects from the 22 February survey. Mean fish density ranged from 
110 to 803 countable fish per acre among different zones in the 21 Feb
ruary survey and from 63 to 698 fish per acre in the 22 February survey. 
In both surveys, mean fish density was lowest on the steep shoreline, 
somewhat higher in the hole, and highest on the side slope (Figure 3). 
The highest mean densities were approximately 2.4 (21 February) and 6.5 
(22 February) times greater than densities observed in the deep hole. Fish 
density was similar on the two survey days (Table 2); however, on the sec
ond day, fewer fish were found in the hole and more on the channel side 
slope adjacent to the hole (Figure 3). 

Chapter 3 Results and Discussion 



Fish Species and Size 

Ten species of fish were collected during the trawl surveys. Eight of 
these were taken from Dogue Creek; six were collected from Gunston 
Cove (Table 3). White perch was the dominant species collected at each 
site; it comprised 86 percent of fish collected at Gunston Cove and 97 per
cent of fish taken at Dogue Creek. Gizzard shad (two individuals), golden 
shiner (one), spottail shiner (six), and largemouth bass (one) were found 
only at the deep-hole site. Nearly all of the fish collected at the deep-hole 
site came from side slope adjacent to the hole where water depth was 15 
to 30 ft. Only four fish were caught in two tows from the main part of the 
deep hole-white perch (two), gizzard shad (one), and channel catfish 
(one). 

Fish collected by trawl ranged in size from 2.6 to 42.3 cm (Table 3). 
Approximately 90 percent of all fish collected were between 9 and 19 cm 
long. More fish larger than 19 cm were collected at the main-channel site 
(Figures 4d and 4e); however, the mean sizes (13.3 cm at the deep-hole 
site and 14.4 cm at the main-channel site) were similar (Table 3). Overall 
length statistics generally follow those of white perch, which dominated 
the catch at both sites. 

Mean fish lengths estimated from acoustic target strengths were 
12.1 cm (22 February) and 12.5 cm (21 February) at the deep-hole site 
and 12.3 cm at the main-channel site. These are quite similar to the mean 
sizes of fish taken by trawl. However, acoustic fish detections varied over 
a much larger size range, from 3 cm (approximately the lower detection 
threshold) to 65 cm (Figures 4a-c). Differences in size distributions be
tween acoustic and trawl surveys are consistent with suspected trawl selec
tivity biases. The trawl surveys collected few small fish that would tend 
to escape through the trawl netting. Common escapees could include the 
small darters and shiners, which were collected only in small numbers, 
and the juveniles of species such as channel catfish, which were occasion
ally snagged in net fibers by their spines (Table 3). The trawl would also 
tend to miss some large fish that avoid capture by nets. The extent of 
trawl selectivity is suggested by comparison of size distributions between 
acoustic and trawl size results (Figure 4 ). 

Chapter 3 Results and Discussion 
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4 Summary and Conclusions 

Hydroacoustic and trawl sampling were conducted in the Potomac 
River on 21-22 February 1990 to provide preliminary data on the use of 
deep-hole habitat by overwintering fishes. Hydroacoustic surveys were 
performed in three of the most prominent deep holes in the tidal region of 
the river. Then, trawl surveys and intensive hydroacoustic surveys were 
conducted at one of these sites, a deep-hole site below Dogue Creek, and a 
nearby main-channel site near Gunston Cove. 

Echograms from the hydroacoustic surveys showed that fish were pres
ent at all three deep-hole survey sites. At the intensively sampled areas, 
eight species of fish were collected by trawl from the deep hole and six 
from the main channel. White perch comprised more than 85 percent of 
the trawl catch at each site. Acoustically estimated fish densities were 
quite similar at the deep-hole (517 to 528 fish/acre) and main-channel 
(575 fish/acre) locations. However, fish were not uniformly distributed 
throughout the deep-hole site. In general, densities were lowest in the 
area immediately surrounding the deep hole and progressively increased 
in the shallower waters on the deep-hole side slope. This distribution pat
tern persisted for 2 days of sampling. 

From the limited acoustic data, overwintering fishes were equally abun
dant at main-channel and deep-hole sites, and in association with the deep 
hole, fish were found primarily in shallower waters adjacent to the hole 
rather than in the central area of the hole. 

The results of this study apply to daytime sampling on the incoming 
tide. No data were collected at night or on the ebb tide. In addition, the 
study focused on the density of the entire fish community. Trawl data 
were used to indicate the gross structure of the fish community, but the 
amount of trawl data was inadequate to address habitat preferences of indi
vidual species. Within the confines of a preliminary study, no evidence 
was found to indicate that deep holes are more valuable overwintering hab
itat for fishes than are shallower main-channel areas of the Potomac River. 

Chapter 4 Summary and Conclusions 
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Table 1 
Length and Maximum Depth of Acoustic Survey Transects at 
the Deep-Hole Site at Dogue Creek and Main-Channel Site 
Below Gunston Cove 

Transect No. Maximum Depth, ft Length, ft 

Dogue Creek, 21 February 1990 

1 39.9 1,493 

2 39.2 1,438 

3 41.5 1,318 

4 43.8 1,533 

5 44.5 1,245 

6 47.4 1,489 

7 49.4 1,291 

8 53.0 1,269 

9 54.3 1, 141 

10 49.4 1,350 

11 49.0 1,328 

12 46.8 1,208 

13 44.5 1,619 

14 40.8 1,826 

Dogue Creek, 22 February 1990 

1 40.5 1,692 

2 41.5 1,457 

3 45.8 1,460 

4 47.1 1,449 

5 48.7 1,399 

6 51.7 1,255 

7 54.3 1,233 

8 53.3 1,389 

9 50.7 1,352 

10 49.7 1,349 

(Continued) 



Table 1 (Concluded) 

Transect No. Maximum Depth, ft Length, ft 

Dogue Creek, 22 February 1990 (Concluded) 

11 50.0 1,497 

12 47.7 1,541 

13 45.4 1,804 

14 42.5 2,247 

Gunston Cove, 21 February 1990 

1 34.9 1,917 

2 34.3 2,255 

3 35.9 2,306 

4 38.2 1,912 

5 40.5 2,261 

Table 2 
Mean Number of Countable Fish Targets per Acre at Deep-Hole 
and Main-Channel Sites in the Potomac River (Estimates 
Derived from Hydroacoustic Survey Data) 

Fish per Acre 

Habitat Date n1 Mean Standard Error 

Deep hole 21 February 14 528 57.3 
(Dogue Creek) 22 February 14 517 86.6 

Main channel 
(Gunston Cove) 21 February 5 575 77.7 

1 n = Number of survey transects. 



Table 3 
Number and Lengths of Fishes Collected by Trawl at Deep-Hole 
and Main-Channel Sampling Sites in the Potomac River 

Trawl Catch Size, cm 

Common Name 1 Number Percent Minimum Maximum Mean 

Deep Hole (Dogue Creek) 

Gizzard Shad 2 0.3 29.4 30.2 29.8 

Golden shiner 1 0.2 16.7 16.7 16.7 

Spottail shiner 6 0.9 12.0 12.3 12.1 

Brown bullhead 8 1.2 16.2 26.6 20.8 

Channel catfish 1 0.2 8.3 8.3 8.3 

Striped bass 0 0.0 - - -

White perch 634 96.8 6.0 23.2 13.1 

Largemouth bass 1 0.2 42.3 42.3 42.3 

Tessellated darter 2 0.3 6.8 7.8 7.3 

Yellow perch 0 0.0 - - -

Overall 655 100.0 6.0 42.3 13.3 

Main Channel (Gunston Cove) 

Gizzard shad 0 0.0 - - -

Golden shiner 0 0.0 - - -
Spottail shiner 0 0.0 - - -

Brown bullhead 6 3.1 18.8 28.0 23.9 

Channel catfish 17 8.7 2.6 30.0 11.5 

Striped bass 1 0.5 25.3 25.3 25.3 

White perch 169 86.2 7.0 20.0 14.4 

Largemouth bass 0 0.0 - - -
Tessellated darter 2 1.0 6.5 7.5 7.0 

Yellow perch 1 0.5 7.7 7.7 7.7 

Overall 196 100.0 2.6 30.0 14.4 

1 Scientific names of fish species are given in Table 4. 



Table 4 
Common and Scientific Names of Fish Collected in Potomac 
River Study 

Common Name Scientific Name 

Brown bullhead lctalurus nebulosus 

Channel catfish lctalurus punctatus 

Gizzard shad Dorosoma cepedianum 

Golden shiner Notemigonus crysoleucas 

Largemouth bass Micropterus salmonides 

Spottail shiner Notropis hudsonius 

Striped bass Marone saxatilis 

Tessellated darter Etheostoma o/mstedi 

White perch Marone chrysops 

Yellow perch Perea flavescens 
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Figure A 1. Main channel below Gunston Cove [upstream (1) to downstream (5), west 
(left) to east (right)], 21 February 1990 (Continued) 
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Figure A I. (Concluded) 
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Figure A2. Deep hole below Dague Creek [upstream (1) to downstream (14), west 
shore (left) to channel (right)], 21 February 1990 (Sheet 1 of 7) 
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Figure A2. (Sheet 2 of 7) 
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Figure A2. (Sheet 3 of 7) 
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Figure A2. (Sheet 4 of 7) 
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Figure A2. (Sheet 5 of 7) 
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Figure A2. (Sheet 6 of 7) 
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Figure A2. (Sheet 7 of 7) 
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Figure A3. Deep hole below Dague Creek [upstream (1) to downstream (14), west 
shore (left) to channel (right)], 22 February 1990 (Sheet 1 of 7) 
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Figure A3. (Sheet 2 of 7) 
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Figure A3. (Sheet 3 of 7) 
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Figure A3. (Sheet 4 of 7) 
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Figure A3. (Sheet 5 of 7) 
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Figure A3. (Sheet 6 of 7) 
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Figure A3. (Sheet 7 of 7) 
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Figure A4. Deep hole below Pomonkey Creek [downstream (1) to upstream (4), 
east shore (left) to channel (right)], 21 February 1990 (Continued) 

Appendix A Echograms from Hydroacoustic Surveys 



~·.-.----~---------------- 3 

Ii 4 
' I 

Figure A4. (Concluded) 
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Figure AS. Deep hole at Piscataway Creek [upstream (1) to 
downstream (5), east shore (left) to channel 
(right)], 22 February 1990 (Sheet 1 of 5) 
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Figure AS. (Sheet 2 of 5) 
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Figure AS. (Sheet 3 of 5) 
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Figure AS. (Sheet 4 of 5) 
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Figure A5. (Sheet 5 of 5) 
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