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Purpose 

Field data collected at a disposal site in Mobile Bay during 1989 have been 
used to illustrate deficiencies in an existing numerical disposal model called 
SSTFATE (Single Operation - Short Term FATE). These data were collected 
using acoustic devices and reveal the dynamics of the disposal operation as 
well as the passive nature of resulting suspended sediment piumes. An ap- 
plication of the numerical model to one of the IS monitored disposal opera- 
tions demonstrates the need to aiiow for the nonuniformity of material in the 
disposal vessel. 

Background 

An integral part of the problem of assessing the environmental impact of 
disposal operations is the ability to predict the spatial and temporal distri- 
bution of the disposed material. Numerical models for computing the initial 
fate of material disposed in open waters have been developed for this pur- 
pose. One such model is SSTFATE. The basic model was developed by Koh 

< and Chang (1973), subsequently modified by Brandsma and Divoky (1976), 
f- g> and later modified by Johnson (1990). However, such disposal models suffer 
u3 m "D irom a lack of field data from controlled operations for model verification. 
2 03 SB 
JU DC £ Because of the many factors governing the physical fate of dredged mater- 
< ~ ^ ial placed in open waters and the speed with which the placement processes 
JjJ "§ 3 take place, measurement of the short-term behavior of a dredged material dis- 
2 ^- £ posal plume is extremely difficult. To improve on this limited measurement 
O £ •■£= capability, as well as collect high-quality data on the dynamics of dredged 

T3 JQ        -    material disposal for validation of numerical disposal models. Dredging R< 
a—   9; .5 sparrh Proo-ram (DRP^ rrwnrrh wnrV nnik conducted 3 major field data Col- 
7? s- '/=\ lection Droiect in thp Gulf of Mexico at the site of dredged material placement 
Urn    Q^U I J- ~       " _-- 0 L 

H Q| operations being carried out for Mobile Harbor deepening and improvement. 
< This field effortrcalled the Mobile, Alabama, Field Data Collection Project 

(MFDCP), took place from August 13 to September 2,1989. 

US Army Engineer Waterways Experiment Siaiion 
3909 Halls Fsrr" Road, VJcksburg, MS  391SQ-6199 

DTIC QUALITY INSPECTED 4 fVQ -C-°l °l~~ l&~ \ ~1 O^ 



Additional Information 

This technical note was written by Dr. Billy H. Johnson, Dr. James R. Tal- 
lcnt, and Ms. Moira T. Fong. For additional information, contact Dr. Johnson, 
(601) 634-3425, or the manager of the Dredging Research Program, Mr. E 
Clark McNair, jr., (601) 634-2070. 

Mobile Field Data Collection Project 

The overall scope of the MFDCP was greater than only measurement of the 
short-term dynamics of disposal operations and the tracking of the resultant 
suspended sediment plumes. However, for the purpose of this study, only 
those data related to the placement processes are of interest. A complete 
description of the MFDCP is given by Kraus (1991) from which much of the 
discussion below was taken. 

The MFDCP took place in the Gulf of Mexico at a dredged material place- 
ment site west of the navigation channel leading to Mobile Harbor, Mobile, 
Alabama (Figure 1). Disposals were made at two fixed locations, one in water 
of nominal 13-m depth and the other in shallower water of about 8-m depth. 
Critical operational parameters for successful monitoring were knowledge of 
the exact location and time of disposal, rapid entry into the plume, and accu- 
rate tracking of the main plume body as it drifted with the current. 

Plume tracking in the MFDCP centered around three instruments: the 
ADCP (Acoustic Doppler Current Profiler), the ACP (Acoustic Concentration 
Profiler), and a rosette containing twelve 5-L sampling bottles that could be 
activated electronically at a specified depth. The rosette, referred to as a CTD 
(for Conductivity,, Tempera tu re, and Depth), yielded samples of suspended 
material in the water prior to the disposal (background) and in the plume to 
calibrate the acoustic instruments and also provided salinity samples at vari- 
ous depths. 

GULF OF MEXICO 
O DISPOSAL 
^   SITE 

Figure 1.   Location map 
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Two general tracking procedures were used to monitor the evolution of 
dredged material plumes through the water column. One is called transverse 
transect tracking and involves maneuvering of the monitoring vessel such 
that the plume isentered perpendicular to its major axis. After the width of 
the plume is passed, the survey ship turns around and attempts to reenter the 
plume at a right angle. In longitudinal transect tracking, the survey ship fol- 
lows the dump scow and passes through the plume along its major axis, turn- 
ing to reenter the plume only after its perimeter is exceeded. These proce- 
dures are continued until the plume can no longer be detected. The ad- 
vantage of the transverse transect survey procedure is that time development 
of the vertical and lateral extent of a plume can be observed in a series of rela- 
tively rapid passes through the material. This enables, for example, the speed 
of the leading edge of the bottom surge to be recorded, as well as the descent 
of the main body of the plume to the bottom. The advantage of longitudinal 
tracking is that the entire body of the plume is surveyed at least once (on the 
first transect following the scow), giving full coverage of the length of the 
plume. 

The plume-tracking procedure is not straightforward because a plume will 
be adverted by existing currents. Wind shear at the water surface and 
horizontal currents in the water column can translate the plume and shear it 
into separate bodies at various depths. For this reason, visual observation of 
the plume surface may not indicate the location of the main body of material 
settling in the water column. Therefore, during MFDCP plume tracking the 
plume mass was monitored visually and by the ADCP and ACP. Because of 
the capability of the ADCP to display-plume backscatter, current speed, and 
ship track, this instrument was often used to help track the plume. Over the 
10-day monitoring period, 18 disposal operations were monitored. 

Analysis of Data Collected During Survey 238B 

Disposal 238B occurred at 21:55 Greenwich Mean Time at the 13-m site. 
The disposal scow approached with a speed and heading of 6 knots and 351 
deg from north and the prerelease draft was 21 ft. The tug captain reported 
5,600 cu yd, estimated as containing 70 percent sand and 30 percent fines. A 
mound of what appeared to be sand was located in the middle of the scow, 
with water at the fore and aft ends. The density of the material in the scow 
ranged from about 1.40 g/cu cm near the surface to 1.95 g/cu cm near the bot- 
tom. The release was relatively rapid, occurring over perhaps 10 to 20 sec. 

The ambient density varied in essentially a linear fashion from 1.02 g/cu 
cm near the water surface to 1.03 g/cu cm near the bottom. The ambient cur- 
rent was virtually constant in magnitude over the upper 10 m of the water 
column with a speed of about 18 cm/sec, but the current direction changed 
from essentially a southerly direction over the upper 6 m of the water column 
to a southeastern directionover the bottom 7 m. The background suspended 
sediment concentration was determined from a bottled sample to be 
4.4 mg/L with the median size being 12.3 [im. 
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The survey consisted of five transverse transects followed by three longi- 
tudinal transects. The plume was virtually undetectable during the lon- 
gitudinal transects. The track of the scow and the first transect are shown in 
Figure 2. The remaining transverse transects were taken at approximately the 
same location, but were increased in lateral extent with each succeedine tran- 
sect. Data from Survey 238B were analyzed from the perspective of temporal 
change of the plume seen as a whole. The plume was traversed several times 
after the initial disposal, and each transect (although taking 3 to 5 min) can be 
seen as representing the state of the plume at a given averaged elapsed time. 

The contour plots shown in Figures 3 to 6 show that the material falls as a 
narrow downward jet at the outset and then evolves into an upside-down 
mushroom-shaped cloud. The material spreads out from the bottom cioud in 
elapsed time. Simultaneously, the concentration in the main jet is reduced, 
and the whole plume is advected with the horizontal current. The concentra- 
tion contours were developed from acoustic backscattering contours. The ac- 
tual values should be viewed with caution since much work remains to be 
done in calibrating acoustic devices to suspended sediment concentrations. 
Calibration curves developed from the MFDCP data were used here. 

Based upon an analvsis of the MFDCP data by Kraus (1991),- the following 
general observations can be made: 

A bottom surge is created whiuh contains a leading head. 

»   i he erieci oi me oottom mamiests itseu: upon me movement or me 
plume and becomes evident at about the o-m depth horizon at the 13-m 
site. The effect of the bottom upon the dynamic plume behavior is 
manifested as a large change in the slope of the outer pi 
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Figure 3.   Cross-sectional contours in milligrams per liter of the 
disposal plume 90 sec after ihe disposal 
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Figure 4.   Cross-sectional contours in milligrams per liter of the 
disposal plume 480 sec after the disposal 
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Figure 6.  Cross-sectional contours in milligrams per liter of the 
disposal plume 1,380 sec after the disposal 
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•   The nature of the disposal operation is such that the plume can separate 
into distinct iCX/cS, settling at ciincrorit rates. 

s   A strong current shear effect acts to horizontally separate tut: upper ana 
10W6F WcHCri   llUUUUl   pUiLLUHSVl   LI If plU.il IC» 

Numerical Disposal Model Application Using 
Survey 238B Data 

SSTFATE was allied to the disnosal operation discussed in this note. All 
data renuired for operation of the model have been discussed earlier. These 
data include the disposal volume, concentration and settling rates of solid 
types, and ambient characteristics of the disposal site. 

The behavior of the material is assumed to be separated into three phases: 
convective descent, during which the disposal cloud falls under the influence 
of gravity; dynamic collapse, occurring when the descending cloud either im- 
pacts the bottom or arrives at a level of neutral buoyancy where descent is 
retarded and horizontal spreading dominates; and passive transport-disper- 
sion, beginning when the material transport and spreading are determined 
more by ambient currents and turbulence than by the dynamics of the dis- 
posal operation. Each phase is discussed in the following paragraphs. 

A single cloud that maintains a hemispherical snape «unrig conveoive u£= 
scent is assumed to be released, bince trie souas wL^m^uun ,** wu«.*.t«&»-— 
AmArmA m-»i-«r-^->i ic iii-.i-siitf i/-.t«r fha rinn^ jc pxrjected to behave as a dense oreugeci msiuridi u ujuuujr *>_>»», LH.%. HV«« »U ^^y-^*,—^ »v ^.■^.^•.^ • — «~ — —— - 
linniri- a Kaci/' accnmntinn ic fViat a Wiirn^rif thermal analysis is appropriate. l.l*rJ\A«.-V«/   fc*    •W'1P»<-»*-V-   V»-^» ■_*»-* A* fc|J «.«.-TAB   *i_»    *.>.■.»*.   u   ±s +*.*-rj   M»*»    «.»»^w- j ILA 

The equations »overnin^ the motion are those for conservation of mass, 
momentum,, buoyancy,, solid particles, and vorticity. The disposal material 
cloud grows during convective descent as a result of entrainment. Even- 
tually,'either the material reaches the bottom or the density difference be- 
tween the discharged material and the ambient water column becomes small 
enough for a position of neutral buoyancy to be assumed. In either case, the 
vertical motion is arrested and a dynamic spreading in a horizontal plane 
occurs. 

The basic shape assumed for the collapsing cloud is an oblate spheroid if 
collapse occurs in the water column; a general ellipsoid is assumed for 
collapse on a sloping bottom. With the exception of vorticity, which is as- 
sumed to have been dissipated by the stratified ambient water column, the 
same conservation equations used in convective descent but now written jor 
either an oblate spheroid or an cmjrauw a^^ a^yn^a^i^. i <_>i mc w« « «-<-^ 
lapse on tne DOitom, a rncimjiai iun.t utintui w>x. wnv*" «»■»» "■<- .-^»"f ^-"-f, 
cloud is included which accounts for energy dissipation as a result of the 
raHial tTTr^adifici  -r --0- 

When the spreading rate in the dynamic collapse phase becomes less than 
an estimated spreading rate due to turbulent diffusion in both the horizontal 
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and vertical directions, the collapse phase is terminated. During collapse, 
solid particles can settle as a result of their fall velocity. As these particles 
leave the main bodv of material, thev are stored in small clouds that are char- 
acterized by a Gaussian distribution. These clouds are then advected and dif- 
fused by the ambient current. In addition, settling of the suspended solids 
also occurs. Therefore, the amount of solid material deposited on the bottom 
and a corresponding thickness arc determined. A basic assumption in the 
models is that once material is deposited on the bottom, it remains there; 
neither erosion nor bed-load movement of material is allowed. The time- 
dependent, three-dimensional field of suspended sediment concentrations is 
determined by summing the contribution from individual clouds. 

Table 1 presents results from the numerical model. All of the sand is com- 
puted to have been deposited at the end of 90 sec, but only a small fraction of 
the fines have settled to the bottom. These results are based on assuming a 
settling velocity of 2.1 cm/sec for the sand and 0.05 cm/sec for the fines. If 
the fines had been considered cohesive, in which case the settling velocity is 
computed internally, the suspended sediment concentrations would have 
been quite different. 

Table 1 
Numerical Model Results 

! 

Solid 
Type 

Volume 
Deposited 

cu m 

Maximum Concentration 
...      (mg/L) 

Lateral Extent 
of Plume Near 

Bottom, m      ' sec 
1 
i       90 

12 m     |    10.5 m. 9m 

Sand 1,198 0   i           0 0 

90   j   Fines 15 104,000 23,660 2.1 230 

480 Fines 57 96,000 14,400 6.5       !            275 

900 Fines 96 18,720 7,280 2.9                    410 

1380 Fines 140 8,580 3,120 1.4       j            595 

In addition to the settling velocity, vertical diffusion is a significant factor 
in suspended sediment computations. As evidenced by the extremely large 
concentrations computed near the bottom but with essentially background 
values only 3 to 4 m off the bottom, the stratification in the ambient density 
profile has resulted in virtually no vertical diffusion into the water column 
after collapse. At the end of the collapse phase, the cloud is on the bottom 
with a thickness of 1.3 m. 

Comparison of Figures 3 through 6 with results presented in Table 1 shows 
that the numerical model does a good job of reproducing the extent of the bot- 
tom surge. However, because the entire disposal operation is represented as 
a single hemispherical cloud, water column effects are not reproduced well. 
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The field data clcarlv imply that the fine material is dispersed in the water 
column far more than the numerical results show. Uncertainty concerning 
the amount and character of the fine material contribute:; to this; however., a 
major reason that water column effects arc not reproduced well is that the ac- 
tual placement process is governed by a well-defined jet transporting 
material to the bottom with extremely fine material making up the trailing 
body of the jet. This extremely fine fraction is contained near the surface in 
the disposal vessel. Therefore, a variable density of material in the disposal 
vessel must be allowed for to reproduce water column effects. The separation 
of the disposal cloud between the upper and lower portions of the water 
column due to velocity shear and stratification as observed in some of the 
MFDCP data undoubtedly involves the extremely fine fraction that leaves the 
disposal vessel after the main body of material has descended through the 
water column. 
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