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A STUDY OF PHYSICAL PARAMETERS
AT THE DAM NECK DISPOSAL SITE
DURING THE SUMMER OF 1984

By
Raymond W. Alden III* and Arthur J. Butt*¥*

INTRODUCTION

Maintenance dredging of navigational channels is a vital
component to the routine operations within most seaport systems.
The disposal of the dredged material, however, 1is a recurring
operation which is becoming increasingly more complex. Technolo-
gical and economical feasibilities must be reviewed in conjunction
with the possible environmental consequences. Adjacent to most
major harbors are zones or regions designated as "disposal areas."
Unfortunately, due to finite space, many of these zones in seaport
systems must also be planned as multi-utilization areas to
accommodate urban development.

Urban populations in the coastal zone are expected to grow,
resulting in ever increasing demands for available space and
resources. One such urban necessity is the adequate processing of
urban waste via sewage treatment and disposal. To satisfy social
and economic situations, it is not uncommon to locate sewage

effluent diffuser systems in coastal waters. When these discharge

*Director, Applied Marine Research Laboratory, 01d Dominion
University, Norfolk, VA.

**OQperations Manager, Applied Marine Research Laboratory, 01d
Dominion University, Norfolk, VA.
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areas coincide in a multi-utilization zone with other activities
such as dredged material disposal, there s concern over the
individual and cumulative environmental effects of all operations.
These concerns become increasingly important, if degradation in

water quality is observed after multiple activities have

i

commenced. T

The present study was to investigatepéhe physical character-
istics of a nearshore coastal area off Vi;ginia Beach, VA./.The
region is currently being used for the effluent disposal of the
Atlantic Sewage Treatment Plant (STP) and dredged material
disposal at the Dam Neck dredged disposal site. The study was
designed to characterize the patterns of temperature, salinity and
dissolved oxygén in the area as well as to determine whether these
patterns are significantly influenced by the AtTlantic STP diffuser

or the Dam Neck dredged material disposal site. -

~/

R s

Ky

-".d'ﬂq' e

C P P - - R SR
a DRSELR T R A I P AP . - 7. “r LN NN
“~ e e LR S I v I P LT, " LN O e L Rt S S R P TR DTS

- - = . . LN - DR .~ e



Lo it ae e d e A L m S Bl h il e D S al LM e et s - ae - md aadi Ae M BN A A b A ek A Sl r b Aal e s By |

\fjl
r : ;
:%}, METHODS AND MATERIALS
o
" Study Area
Efg The Dam Neck Disposal Site (DNDS) activated in 1968, is an
?ii interim open-water site approximately 3 miles east of Dam Neck,
}*} Virginia ¢Fig. 1). It receives dredged material from Cape Henry
gﬁ Channel and Thimble Shoal Channel. The area is described as a
f%é high energy zone just south of the Chesapeake Bay mouth and is
R between the 30 and 50 ft contour Tlines.
i%é The majority of outflowing surface water from the Bay tra-
2?3 vels towards the south along the Atlantic Ocean Channel just east
:3 of DNDS. A strong density stratification has been identified in
;ﬁ; the area. The low salinity surface water is characterized as part
Eg of the Chesapeake Bay Plume during the warmer months. The dis-
a5 tinct plume effect is minimized during the winter when vertical
i: mixing is greatest. The southerly drift of shelf water combined
ﬁ; with the local Bay plume dominates advective transport in the
AN region. Wind strength and direction serve as strong influences on
}55 water flowing out of the Bay and along the coast line.
%;f Water quality in this region appears to be good when eval-
nﬁg uated against the water quality reference levels of Virginia State
-53 Water Control Board (VSWCB) (see, for example, accompanying report
)53 by Alden et al., 1985 on the Dam Neck water quality monitoring
't: study). The only major exception to this trend is the depressed
tfﬁ hypolimnion dissolved oxygen (DO) concentrations which are
:i: reported periodically in this region (VSWCB, personal communica-
;j: tion, 1984). Surface waters are generally near saturation levels
5 3
e
480




Location of the interim Dam Neck- Disposal Site (DNDS)

Figure 1.
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(>6 mg/); however DO has been reported as low as 4.6 mg/1 during

1973 (Hydroscience, 1974). Depressed DO levels (as low as 3.4 !
mg/1) have been reported routinely from bottom samples offshore of
Rudee Inlet and North Bay to as far north as Cape Henry from 1981- |
1983 (Hydroscience, 1974; VSWCB, personal communication, 1984).

Sampling Region

Thirteen stations were monitored during six cruises for
saiinity (°/00), temperature (°C) and DO (ppm) during July through
September 1984 (Fig. 1). The collection stations represent a
parallelogram grid of approximately equidistant stations. The
shape of the grid was selected to address three concerns: 1) the
stations were designed to overlap those which had been sampled

during the previous nine months for water quality (Stations 1 and

3) and zooplankton (Stations 1, 2, 3, 6, 7 and 9); 2) to conform

with the presumed fan-shape pattern of the Bay plume; and 3) to

avoid the major logistical problems of sampling numerous stations

located deep within restricted fan-shape zone of the Dam Neck ‘

Missle Firing Range to the south. |
Field measurements were taken in duplicate, 1 m below the

surface and 1 m above the bottom. Stations 4 and 7 were located

near the ends of the diffuser for the Atlantic Sewage Treatment

Plant (STP). The diffuser begins about 2200 m (7200 ft) east of

the shore (Lat. 36946'50", Long. 75955'52") and ends 731 m (2400

ft) northward (Lat. 36974'11", Long. 75955'38"). Stations 2, 5, 8

were located in or on the periphery of the Dam Neck Disposal Site.
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Statistical Analysis

O0f the three physical measurements taken, DO was the parame-
ter of greatest concern, since it was the one most likely to be

impacted by man's activities (i.e. STP effluent or dredged

material disposal). There were a number of general a priori

hypotheses which were assessed by multiple regression analysis: 1)
DO patterns are related to the depth taken in the water column; 2)
the patterns are influenced by geographic location of the sta-
tions; 3) the DO concentrations are directly influenced by temper-
ature and/or salinity patterns in the region; and, 4) the DO
reading are affected by general month to month variations in the
water column of the region.

Temperature and salinity readings were treated as continuous
covariates, while the month to month effects were created as dummy
variables. Within the geographic hypothesis, a number of distinct
alternatives were tested: 1) there is an overall north to south
trend (designated NS) in oxygen readings; 2) there is an overall
west to east trend (designated WE) in DO patterns; and 3) there
are distinct oxygen patterns associated with stations located in
the vicinity of the Dam Neck Site (station group designated as DNS
= Stations 2, 5 and 8) or the Atlantic STP (station group desig-
nated as STP = Stations 4 and 7). The NS and WE effects were
Created by numbering the rows and columns of the station grid in
ascending order along the direction to be tested. A11 appropriate
interaction terms (e.g. month by depth, WE by NS, WE by NS by

depth, etc.) were also tested by the stepwise multiple regres-
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......................................
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: sion process. The wmodel selected to describe the DO patterns U
:. was the one explaining the greatest portion of the variance of the I
. data (i.e. maximum R2) but, at the same time, contained only
. highly significant terms (p<0.001). Similar models were fj'.
K constructed to describe major temperature and salinity patterns
g for the area. -_“
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RESULTS

The average surface and bottom temperature, salinity and DO
measurements taken for each station on each date are presented in
Table 1. Over the three month period, temperatures ranged from
18.29C to 27.59C for surface waters and from 12.19C to 26.29C for
measurements taken from the bottom. Salinity ranges were 18.5 ppt
to 31.6 ppt (surface) and 27.1 ppt to 33.4 ppt (bottom). The DO
readings ranged from 6.7 mg/1 to 10.1 mg/1 in surface waters and
from 4.3 mg/1 to 9.2 mg/1 at the bottom.

The multiple regression models for the three parameters are
presented in Table 2. A1l1 three models explained the majority of
the variation observed in the measurements (i.e. RZ=65% of
variance for DO; R2=74% for temperature and R2=70% for salinity).
In order to indicate the magnitude of each of the significant
model effets, a "% change" term was calculated. This term
represents the maximum amount of change associated with any given
effect (e.g. for a NS effect, the extreme value from the study
area was used), expressed as a percentage of the grand mean.
Therefore, the most important effects of each model can be readily
identified by scanning this column.

Dissolved oxygen is the parameter which is of greatest
concern, in terms of the findings of previous studies, the drastic
ecological effects of hypoxia, and the potential impact of man's
activities in coastal waters. Therefore, the model for dissolved

oxygen was used to produce a series of contour maps to graphically
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present major patterns for the study area (Fig. 2). The major
factor influencing DO concentrations appears to be the difference
between surface and bottom readings. In general, bottom readings
were lower than surface readings by approximately 35%. The depth
effect on DO was less apparent during July. Ironically, this was
the period of the greatest temperature and salinity stratifica-
tion.

The next most obvious pattern is a distinct west to east
(inshore to offshore) pattern of increasing oxygen in the bottom
waters. This trend was not significant in the surface waters,
where only a very slight north to south decrease in oxygen Tlevel
was apparent (Fig. 2, Table 2). The Towest oxygen readings were
observed during September, particularly for the bottom waters.
July oxygen levels were higher and August readings were
intermediate. Surprisingly, neither temperature nor salinity were
seen to be significantly related to the DO readings.

Temperature readings were significantly lower in the bottom
water in July, but the degree of thermal stratification decreased
in August and was not shown to be significant in September. There
was a distinct west to east drop in temperature, particularly in
bottom waters during all months. In general, August temperatures
were the highest. Temperatures did not exhibit a significant
north to south trend.

Salinities were significantly greater in the bottom waters

than surface waters (by an average of 24%), particularly during

14
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July. There was a distinct west to east pattern, with salinities

increasing seaward, but the trend was reduced for bottom waters.

g;l Surface salinities were slightly lower and bottom values were
,5i: slightly higher than average during the month of July, the period
-y of maximum stratification.

3

|f£ None of the physical parameters were shown to be
2N

3§i significantly related to the Tocations of the Atlantic STP outfall
Wl
Rt or the DNS.
; ‘ s
b
e

et

e

#

. .
LI .

T
" 3‘l'VJ M

T
_l Uale 3

‘ ~\
" g
vy 5

S
P

r PR
[ iR
.‘l'l.‘l A
ata e et
w Y ts e
- P S

..
-4, Lo 1L,
PPN L~

LI S RN S

""‘l (,‘
PRV
PRF PSRl P

&

RN 16

e 5 v, T A o O 1 A M B N WL sy C T PR O, WA SN SOOI A A S A
X A .."-‘..\.t't\ let‘,‘l‘h«¢ AR ) % nl.ls.\l‘,q’l‘s 0* W'y ”ﬂ""* * ""‘ﬂ ..O " ‘. Cars

SR OGN COR TR T
L) » ¥ b4 n A

adl




T T YT W \ TR B A AR AR AR A A d i s o LR/ ARNAN e die Al s sl ol —ha s -a) ST TR T T T R RO R TR N T R Y W RO R

DISCUSSION

The reported values for depressed dissolved oxygen off Dam
Neck during the Summer of 1984 tend to support allegations that
water quality adjacent to the world's largest resort city may be
declining. Although no single cause of the depressed readings has
been determined two possible sources are the Atlantic STP station
and the Dam Neck Disposal Sites.

Historically, sewage treatment processes employ dilution as

‘) ‘l

o3 a major means of waste disposal. This is particularly true along
iﬁl the coastal zone where dajly tidal action help dilute and flush
N
Ef{ primary and/or secondary treated waste to offshore waters.
rfﬁ Depressed oxygen readings are often characteristic of diffuser
S
’#E outfalls, particularly during the summer months when the
109
W biochemical oxygen demands increase. Typically, as the water
?Ef column becomes stratified, the mixing of the bottom and surface
li}ﬁ waters are restricted to the point that tidal action may not be
E;‘ enough to allow the oxygen diffusion process to work. The
e restricted mixing becomes of increasing concern as temperatures
-fg rise because the oxygen carrying capacity of the water declines at
A
P the same time that metabolic demands of the endemic biota peak.
o Despite depressed DO readings observed during the warmer months,
?;% this hypothetical scenario does not appear to represent the condi-
o tions off Dam Neck.
.51 The lowest oxygen values were reported after temperatures
13, began to decline in late September. Moreover, the a priori
N
&
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-§E§ hypothesis that lower oxygen readings would be expected to be
ﬁg; associated with the stations located in the vicinity of the
}'1 diffuser outfall was proven false. In addition, the historical
E&x record for the area shows low oxygen readings prior to the plant
Sé% start-up in 1983 (Hampton Roads Sanitation Department, personal
Y communication, 1984; Hydroscience, 1974).
,iﬁj In view of these findings, the Dam Neck Disposal Site
13;3 appears to be a reasonable alternative as the source of depressed ‘
e DO readings. Biological and chemical oxygen demands may be
lﬁj expected to depress oxygen supplies when high concentrations of
E;J silts and organics are released during disposal operations.
i%?i However, the dredged material typically relocated to Dam Neck
;?ﬁ comes from the relatively pristine Cape Henry Channel and Thimble
??? Shoal Channel of Chesapeake Bay.
’ The navigational channels of lower Chesapeake Bay and Bay
l{;: mouth are heavily scoured. Tidal actions alone have resulted in a
?ﬁ sandy sediment type low in organics. In addition, the channels
.ﬁ' serve as major arteries for merchant and military vessels. ;
}3 Propeller wash cause additional scouring to these channels. i
’gg Therefore, the sediment oxygen demand of the fine sand from these i
i; sites would be minimal in comparison to those found in most sea-
?E: ports. Analysis of the material to be dredged from the channels
Efj met EPA guidelines for ocean disposal. A test dump at NDS with
Eb{ sediments from Thimble Shoal Channel caused no significant changes
f& to the physical or chemical parameters monitored (Darby et al.,
;E 1981). The fact that the site is only aperiodically used for
o
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maintenance dredging operations also brings into question its role }

as a potential chronic source of oxygen depletion in the area. ]

The findings of the present study point to the conclusion that the
location of the DNS is not significantly associated with oxygen
patterns of the region.

The depressed oxygen concentrations of the hypolimnion are
apparently on a much broader scale than previously belijeved. Low
D0 readings have been found as far south as North Bay along the
inshore zone and as far north as Cape Henry (HRSD, personal commu-
nication, 1984). A possible clue to this condition may lie in the
circulation pattern associated with the Chesapeake Bay Plume.

Offshore shelf waters along the Mid-Atlantic Bight exhibit
primarily a southerly drift. The outflow from Chesapeake Bay
constitutes over 50% of the freshwater inflow to the Bight, where
it flows towards the south (Beardsley et al., 1976). Virtually
all the freshwater inflow to the study area is from the Bay.
Associated with this large volume of outflow is suspended matter
rich in organics. There is also evidence of sewage-associated
particulates in the waters of the Bay plume (Brown and Wade,
1980; Byrnes and Oertel, 1980). Once expelled from the Bay
these suspended materials are deposited along the inshore areas
adjacent to Virginia Beach and Dam Neck. According to Brehmer

(1971), a clockwise eddy is present along the shore south of Cape

Henry. During the summer months there is a slight northerly flow
of bottom water. Therefore, organic-rich suspended materials

which settle into the bottom waters may represent a significant

19
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B.0.D. source to the study area. The inshore-offshore banding
pattern of the oxygen-contours of the bottom waters of the study

area supports this contention. This inshore pattern is believed

to extend as far south as False Cape (Brehmer, 1971).

The seaward extent of this circulation pattern is unknown.
However, its influence on the coastal ecology, particularly along
Dam Neck and Virginia Beach cannot be ignored. Studies have shown
that debris, organic-rich fine sediments and sewage-associated
particulates are flushed out of the Bay and settle along the
inshore zone (Gingerich and Oertel, 1980; Byrnes and QOertel,
1980). Their presence and concentrations appear to be influencing
the oxygen pattern in the study area.

Oxygen levels were not observed to drop below 4.0 mg/1
during the present study. However, they were seen to approach
this level, which is often cited as representing the minimum
concentration required for the maintenance of healthy agquatic
communities. Considering the ecological problems believed to be
associated with anoxia in the Chesapeake Bay and in the coastal
waters of the New York Bight, the low oxygen phenomenon off Dam
Neck should be seen as a potentially significant environmental )
problem. Unfortunately, since the evidence points to the Bay
plume as the major non-point source of the oxygen demand, the
means for controlling long-term trends in the water quality of the

region remain unclear.

3 20
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