TECHNICAL NOTES

Estimation of Contraction Scour in Riverbed Using SERF
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Abstract: Contraction scour in a firm-clay estuarine riverbed is estimated at an oil-unloading terminal at the Port of Haldia in India,
where a scour hole attained a maximum depth greater 5ha relative to the original bottom. A linear equation for the erosion flux as

a function of the excess bed shear stress was semicalibrated in a rotating-cylinder device calle(SBitREor of Erosion Rate
Function and coupled to a hydrodynamic code to simulate the hole as a clear-water scour process. SERF, whose essential design is bas
on previous such devices, additionally included a load cell for in situ and rapid measurement of the eroded sediment mass. Based ¢
SERF’s performance and the degree of comparison between measured and simulated hole geometry, it appears that this device ho
promise as a simple tool for prediction of scour in firm-clay beds.

DOI: 10.1061(ASCE)0733-950X2004130:4215)

CE Database subject headings: Scour; River beds; Contraction; India; Clays; Harbors; Erosion.

Introduction the region(Fig. 2), and its horizontal extent was greater than
twice that of the vessel keel. As the pile foundation was poten-
At a riverbed composed of an overconsolidated clay, flow con- tially threatened by the hole, in subsequent years the question
traction scour near a newly placed structure can at times be soarose, of retrofitting the terminal or rebuilding a new one at a
slow that a noticeable hole may not appear for months to years. Innearby more stable site and was the motivation for the present
anticipation of such an eventuality, however, it behooves the en- analysis.
gineer to incorporate calculations that address the issue of Even though semidiurnal tide penetrates the site from the Bay
whether a hole will develop, especially if it is likely to undermine of Bengal, a strong ebb-dominated current due to river outflow
the structure itself. A problem at an oil terminal for crude from led to an off-center, downstream orientation of the hole with re-
40,000 dead weight ton®WT) tankers at the Port of Haldia on  spect to the terminalFig. 2). The outflow averages between
the Hooghly River estuary in IndiéFig. 1) offered the opportu- 1,400 and 2,300 fs ! during the monsoon month&lune—
nity to estimate hole dimensions using a laboratory testing device September but is an order of magnitude lower during the dry
coupled with numerical modeling. The outcome of this analysis is period, especially March—May. Obstruction to flow due to the
summarized here. terminal causeway and the piles led to a severe deflection of the
ebb flow, and the mean speed in the area of high scour increased
from about 0.90 to 1.1 rs . Under such a current, and given a
Scour Problem low rate of supply of sediment in the river with concentrations on
the order of 0.1-0.3 kgn 2 only, the effect of flow contraction
At the Haldia concrete-pile terminal, a noticeable scour hole was could be treated as a case of clear-water sffourexample, Chen
detected in a bottom survey taken in 1979, after oil tankers began(2002].
to dock regularly. Docking apparently accentuated contraction  The bed consisted of a firm blue clay with a wet bulk density
scour adjacent to the terminal by generating bottom-directed cur-p, ~1,800 kgm™2, vane shear strength on the order of kPa,
rents under the ke€Engineers India Ltd. 1980A survey taken  and a critical shear stress for erosiep, in the range of 3-5 Pa
about 40 months later found that the hole had attained a maxi-measured in flume test&€ngineers India Ltd. 1980 The latter

mum depth greater thad5 m below the mean depth 6f10 m in value is as much as two orders of magnitude greater thdor
typical fresh clay depositéMehta and Parchure 2000
ICoastal Engineer, ASL Environmental Sciences, Inc., 1986 Mills Rd.,  Among the empirical erosion flux functions available to model
Sidney BC, Canada V8L 5Y3. the rate of scour of such a bed, we chose the commonly used
2Hydraulic Engineer, U.S. Geological Survey, 6000 J St., Sacramento, linear equation
CA 95819. dc
_3Prof(_essor, Dept. of Civil and Coastal Engrgineering, Univ. of Florida, e= Zld_tl =en(Tp—Tc) (1)
Gainesville, FL 32611.

Note. Discussion open until December 1, 2004. Separate discussion

must be submitted for individual papers. To extend the closing date by .. e s P i
one month, a written request must be filed with the ASCE Managing time); z, =characteristic bottom water layer heigly =total sus

Editor. The manuscript for this technical note was submitted for review pended §0I|ds Eoncentratlon with ; t=time; & =erosion flux
and possible publication on February 3, 2003; approved on December 9,CONStant; and,=bed shear stress. Inasmuchegswas unknown,

Swheree=erosion flux(dry sediment mass per unit area per unit

2003. This technical note is part of thivurnal of Waterway, Port, to estimate it we constructed a small rotating-cylinder device
Coastal, and Ocean Engineering/ol. 130, No. 4, July 1, 2004. ©ASCE, called the Simulator of Erosion Rate Functi®ERB. Since it
ISSN 0733-950X/2004/4-215-218/$18.00. proved to be impractical to procure the original clay, we tested
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potter’s clay beds as surrogai@arry 2003. Three highly plastic
montmorillonitic clays, identified by Bennett Pottery Supply Inc.
of Orlando, Florida, as clay nos. 10, 20, and 75, were chosen on
the basis of their similarity to the clay from the site in terms of
high bulk density(for all three,~2,000 kg m~%) and vane shear ) ] ) )
strength (- 107 kPa). The dispersed, that is, deflocculated grain & Selected rpni1,600 maximuny which yields the desired shear
size of these clays was nominallypdn. They had been pretreated stress on the sample surface from the torque measured by a strain-

with chemicals to impart different colors and textures, due to 9auge cell. _ _ o
which the clays were in a flocculated state. After a suitable duratioifup to 15 min, the device is stopped

and the loss of suspended clay mass due to erosion at its cylin-
drical surface is obtained from the load-cell readout. The erosion
flux is then calculated from this loss. This arrangement obviates
the time-consuming requirement, in earlier such devices, to re-
SERF, sketched in Fig. 3, is similar in design to a device de- Move the sample and weigh it apart from the device. SERF oper-
scribed by Arulanandan et al1975. The latter device has been ates at a considerably higher rgm800 minimum at a Reynolds
used extensively for testing of the erodibility of clays with vari- number of 16) than the rpom(~150) at which Taylor vortices
able composition and pore water chemistry by Kandia®74. within such annular devices destabilize the flg@&chlichting
SERF has the advantage of using small clay samples that typi-1968- Consequently, the stress field is believed to be acceptably
cally require a high-flow-speed facility for erosion tests. A re- uniform over the cylindrical bed surface at a constant rpm.
quirement is that the sample be of strength sufficient to stand up  S@mple outputs of versusr, are plotted in Fig. 4, and values
on its own without deformation due to its own weight. After care- Of &y andr derived from the respective best-fit straight lifiper

fully molding a cylindrical sample of 76 mm diameter around a Ed. (1)] from 15 tests are given in Table 1. Small aliquots of
shaft-and-disc mandrel, the assembly is suspended inside anvater had to be added to the original clays to vary sample density
acrylic outer cylinder of 102 mm internal diameter from a load (1,435 to 1,963 kgn ). From ther. values we observe that
cell and submerged in watéconfined within the 26 mm annular ~ €rodibility increased from clay nos. 10 to 75. In general, for a

gap acting as the eroding fluid. The outer cylinder is then spun at 9iven clay bed, as the density increasedincreased whilesy
decreased, as seen for example from test nos. 9, 10, 11, and 12 for

Fig. 3. Elevation view of SERKnot drawn to scale
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Fig. 2. Measured and simulated scour holes near oil terminal Fig. 4. Example plots of erosion flux versus bed-shear stress
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Table 1. Erosion Flux Parameters Obtained from SERF 4x10*

Pore-water Bulk density, Erosion flux parameters
Test Clay salinity Pb eN Te - 7 ®-2m
number number  (%o) (kg-m™3) (kgN~1.s7Y (Pa g ,
< 10 2
1 10 0 1,665 5.0 10°° 3.1 g » 0
ot ,

2 10 0 1,710 1.% 10°° 3.4 §5x103 e

3 10 0 1,859 1. 107 45 § T Tk

4 10 0 1,928 1. 10°° 4.7 T 7

5 =4 o

5 20 0 1,435 3.% 10 1.9 £ RCCAT

6 20 0 1,537 1.2 10°° 2.8 4

7 20 0 1,721 7.% 1078 3.0 10° S

8 20 0 1,905 7.%x 1078 3.0 - ;

—5 2 [# il

9 75 0 1,675 4.8 10 1.4 T P o’
10 75 0 1,698 3.x10°° 1.7 Measured scour area, A, (m?)

11 75 0 1,806 1.X 107° 1.8 ) _ _
12 75 0 1.963 0. 10°6 1.9 Fig. 5. Measured and estimated scour hole planform areas at differ-
13 10 35 1,928 1%X10° 06 ent depths
14 20 35 1,894 4.4 10°° 1.6
15 75 35 1,940 5.K 10°° 3.3

whereU;=horizontal velocity vector at heiglz; ; p=water den-

clay no. 75 in fresh water as eroding fluid. This trend is consistent sity (nominally 1,000 kg m®); Cp=bottom drag coefficient;
with previous results on clay bed erosidArulanandan et al. k=von Karman constan{=0.4); andz,=effective bottom rough-
1975. ness height. A value af,=0.1 mm yielded current velocities that

For gaining an understanding of the effect of high salinity on reasonably agreed with measuremefEngineers India Ltd.
erosion, in the last three tests the clay was equilibrated for several1980. Based on this agreement, simulation was carried out for
days with an NaCl solution in sufficient quantity to yield a pore- the mean flow condition near the terminal, with a river discharge
fluid salinity of about 35%.. In general, bed weakening due to the of 750 n¢.s L.
formation of flocs with a more open structure than_ in fresh water  The stress field per Eq&2) and(3) along with Eq.(1) allowed
is suggested. Compare for instance test no. 4 with no. 13, boththe progression of scour to be determined in an approximate way
using clay no. 10 and an initial bulk density of 1,928 kg °. We without the use of a sediment transport cétte example, Jiang
note thatr, decreased from 4.7 to 0.6 Pa &g increased from (1999; Jiang and Mehta2000] required for higher accuracy.

-5 -5 -1, o1 i ;
1.0x107"to 1.7<10 "kg-N N A similar trgnd IS obseryed The incremental scour depthiz was accordingly calculated as
for clay no. 20, when test no. 8 is compared with no. 14. Finally,

for clay no. 75, when test no. 12 is compared with no. 15 we

observe an increase in the erosion rate, fromxa9 ° to 5.1 Az— en(Th—Tc)
X 10 °kg-N~t.s7%, which is consistent with the other two com- Pb
parisons, but unlike those cases,increased from 1.9 to 3.3 Pa. o ) - )
Until further exploratory tests are carried out, we attribute this Where At=time increment. For computational stalylia 5 s in-
seeming discrepancy to the effect of salinity on that particular crement was adopted, and the local water depth was updated after
clay. each time increment.

Inasmuch as the sediment was flocculated in all tests, we chose Results obtained after 12 months of simulation are shown in
the bed in test no. 3without NaC) having a bulk density of  Fig. 5, in which the measured planform are,, at different
1,859 kgm 3, r.=4.5 Pa(which was within the range af, 3—-5 scour depths from Fig. 2 is compared with model-derived esti-
Pa for the clay from the site, as nojedand ey=1.2 mates,A.. Despite evident discrepancies, particularly-&8 m
%10 °kg-N"1.s7! as representing the prototype bed and simu- depth at which the estimate is only 60% of the measured value,
lated the scour hole as follows. A 3D shallow-water hydrody- the general appearance of the simulated hole is akin to what oc-
namic code based on the numerical scheme of Casulli and Chengyrred at the site.

(1992 was used in its nonstratified flow mode to simulate the |t is noteworthy that hole simulations for times longer than 12
river reach from 2.25 km upstream to the same distance down-months indicated that the hole had practically reached its equilib-
stream of the terminal. The development of this model, its cali- (jym dimensions in about a year. This in turn suggests that the

bration and validation, and the requisite flow boundary conditions easured hole at 40 months had probably attained that size
used in the present simulation are described by Jia8§9. The months earlier.

use of the verticalg-transformed coordinate in the model al-
lowed the selection of;=0.05h, whereh is the instantaneous
local depth. The bed shear stress vectprwas then obtained

At (4)

Concluding Comments

from
7,=Cpp|Us|U; ) One can expect that inclusion of in situ bed erosion flux data as
) well as seasonal variability of flow would improve prediction of
Cp= K ©) hole dimensions. Nonetheless, we found SERF to be a useful tool
In(zy/20) for rapid measurement of erosion of stiff clay beds. A future de-
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sign modification could include the ability to achieve shear References

stresses higher than the 8 Faaximun) we were able to apply.

Notation

The following symbols are used in this technical note:
A. = estimated planform scour area;
A, = measured planform scour area;
Cp = bottom drag coefficient;
C, = near-bed value of suspended sediment concentration;
h = instantaneous local depth;
rpm = revolutions per minute;
t = time;
U, = horizontal velocity vector at heigl, ;
z, = bottom water layer height;
At = time increment;
Az = incremental scour depth;
e = erosion flux;
ey = erosion flux constant;
k = von Karman constant;
p = water density;
pp = wet bulk density of sediment;
o = transformed vertical coordinate;
T, = bed shear stress vector;
T, = bed shear stress; and
7. = critical shear stress for erosion.
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