






















































































































































































































































































































































































APPENDIX B

STFATE Modeling of Sand and Gravel Spill






STFATE MODELING OF SAND AND GRAVEL SPILL

A computer program, STFATE, was used to model the mounding and spreading of
material that would be released if a barge load of material spilled. STFATE is one of the
models in the Automated Dredging and Disposal Alternatives Modeling System
(ADDAMS) suite of computer programs for investigating impacts of dredging and
dredged material disposal (Appendix C of USEPA/ACOE 1998). For this application,
the event was modeled as a disposal event lasting 5 seconds for release of the entire barge
load of material. As discussed elsewhere, there are some limitations in the applicability
of STFATE to modeling a spill of dry sand and gravel into a nearshore area. These
limitations are:

« STFATE was designed to be applied to dredged material, which because of its
water content acts as a fluid when released from a barge into the sea; in
contrast, a spill of dry sand and gravel has a lower water content

« STFATE does not model the larger-size (cobble) material that may be
included in a load of sand and gravel

« Because of additional effort that would be required to model the fate of
material onto a sloping seabed, the STFATE model was set up for a spill onto
a level seabed

The model grid was a rectangle 550 m (1,800 ft) long and 180 m (600 ft) wide, and the
grid cells were 15 m (50 ft) long and 6 m (20 ft) wide. For simplification in applying the
model, the depth was assumed a constant 9 m (30 ft) over the entire grid.

STFATE incorporates site-specific oceanographic data into its simulation of movement
and dispersion of discharged material. Because no direct current measurements were
available for the area of operations, current speed over the majority of the water column
was taken as approximately the maximum estimated tidal current obtained from a
monitoring station in Colvos Passage on the west side of Vashon Island. The direction of
the current was chosen to be aligned with the longer dimension of the model grid. Speed
near the bottom was reduced by a factor of 6 to address bottom boundary layer effects.
Choosing the maximum speed yields a scenario in which movement and dispersion can
be expected to be greatest. A two-layer density profile reflecting typical values was also
chosen, although this particular application of STFATE is not sensitive to the magnitude
of the vertical density profile. Table B-1 lists depth, current speed, water column density,
and bottom roughness height used for the modeling.
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Table B-1. Input data for STFATE application
to a gravel barge spill scenario

PARAMETER (Units) VALUE SOURCE
Water depth (ft) 30 Bathymetric survey
Roughness height (ft) 0.005 STFATE guidance manual®
Slope (degrees) 0 default
Density profile (g/cc) 1.014 at O ft representative values for the area
1.018 at 30 ft
Current profile (fps) 3atoft Max. tidal current, bottom boundary
3at25ft reduction
0.5at 29 ft
Length of barge (ft) 330 R. Summers, pers. comm. 1999a
Width of barge (ft) 80 R. Summers, pers. comm. 1999a
Pre-disposal draft of barge (ft) 16.5 R. Summers, pers. comm. 1999a
Post-disposal draft of barge (ft) 4.5 R. Summers, pers. comm. 1999a
Time required for dumping (s) 5 Assumption for modeling
Vessel velocity (fps) 1 R. Summers, pers. comm. 1999a
Volume of dredged material (cy) 7,500 R. Summers, pers. comm. 1999a
Types of material silt, med. sand, gravel, void®
Volume fraction for each type 0.04, 0.14, 0.42, 0.40 R. Summers, pers. comm.
* USEPA/ACOE 1998

In the formulation of STFATE, void space is assumed to be filled by water.

Three different sizes of barges may be used to transport material: 2,000 ton, 4,000 ton,
and 10,000 ton. To address a maximum-impact scenario, the largest barge size was

chosen. Table B-1 also lists details of the barge and the discharge operation used in the
model.

To address the differences between using STFATE to simulate the discharge of dry
terrestrial material rather than wet, dredged material, several assumptions were made in
characterizing the material. The typical size composition of the dry material is 7 percent
material finer than 62.5 microns in size, 23 percent fine to medium sand, 50 percent
medium sand to gravel, and 20 percent greater than approximately 5 mm in size (R.
Summers, pers. comm. 1999b). The moisture content of the dry material, typically 5
percent, was ignored. STFATE requires grain-size information in terms of volume
fraction rather than weight percent. The size fractions chosen to represent the material in
STFATE for modeling purposes were silt, medium sand, and gravel. Particle settling
speeds were chosen from the range offered by STFATE for each size class.

The estimated bulk density of the material is approximately 1,600 kg/cu m (2,700 Ib per
cubic yard [cy]), which translates into approximately 1.6 gn/cm® (Summers pers. comm,
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1999b). The approximate density of the solid material is 2.7 gm/cm’. As a rough
approximation, the volume fraction of each model size category was assumed equal to the
weight percent. To adjust the volume fraction of the combined size categories to yield a
bulk density of 1.6 gm/cm’ (i.e. 2,700 Ib/cy), the weight percent of each was multiplied
by 1.6/2.7. Void space in the combined material was then assumed to provide the
additional volume necessary for 2,700 Ib of combined material to occupy a total volume
of | cy. Table B-1 lists the volume fractions of the material determined in this way.

MoDEL RESULTS

Figure B-1 shows the thickness contours predicted by the model. The shape of the
contours reflects an inherent feature of STFATE, namely that the program assumes
discharge from a point source. Thus, the contours near the specified discharge point are
nearly circular and concentric. If STFATE accounted for the shape of the barge, the
contours near the discharge point would be elongated and oriented similar to the barge.
For reference, if the barge were circular and had the same area as a 100 m X 24 m

(330 ft x 80-ft) shape, the outer edge would nearly coincide with the 0.6-m (2.0-ft)
thickness contour.

The model predicted a maximum thickness of 2 m (3.5 ft) of material at the discharge
point specified in the sirhulation. The gravel fraction accounted for approximately 80
percent of this thickness. The maximum contribution of silt to total thickness is less than
0.02 ft over the entire simulation grid. In the downstream (along flow)-direction, the
thickness decreases to approximately 21 cm (0.7 ft) at a distance of 61 m (200 ft) and

6 cm (0.2 ft) at a distance of 91 m (300 ft) from the discharge point. Sand provides the
largest contribution to thickness farther than approximately 61 m (200 ft) downstream of
the discharge point, which is a reflection of the influence of advection. In the direction
perpendicular to the flow, the thickness decreases to approximately 0.3 ft at a distance of
200 ft from the discharge point.

It is likely that the actual footprint from a spill would be smaller than predicted by
STFATE. One reason is that predictions by STFATE incorporate a dynamic spreading
algorithm that assumes gravitational forcing of sediment that is already fluidized in the
barge. Discharged dry material would not be expected to spread in the same way because
the frictional resistance of the dry material is greater than that of the discharged dense
sediment and water mixture. Dry material would likely spread less upon encountering
the bottom. It is also likely that much of the material contained in a barge that sank
would remain confined by the barge rather than all being released to the water column.

After a spill event, natural processes will continue to redistribute the sand and finer
material fractions just as those same processes work the existing bottom sediments of
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Figure B-1. Predicted footprint area and height of spill (units in feet)
of coarse sand and gravel from full loaded, 10,0000-ton barge
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comparable size. The coarser fractions that include granules, pebbles, cobbles and larger
rocks will remain mounded at the spill site and may facilitate the retention of finer-grain
material in the voids. Thus, little likelihood exists of the mound of coarse material
dissipating after it has settled onto the bottom.

To maintain a simple scenario, the effects of sloping bottom were not modeled. Inserting
a bottom slope greatly increases the amount of time to set up the model. The effect of a
sloping bottom would be to direct spreading preferentially downhill, and the thickness
distribution of spilled material would thus be skewed toward thicker values downhill of
the discharge point.

According to model results, the most likely source of impact away from the immediate
location of the spill will be the fine-to-medium sands that can be advected along in the
water column before settling out downstream or be transported along the bottom as
bedload. The coarser fractions remain near the discharge point, and the finer fractions
(silt, clay) have insufficient volumes to have much effect.

u\evs.projects\2527-02 maury island\delivedimpacts\appendix b.doc
March 2000 B-5








